T h e N e w Refrigerant
T T IS a privilege to present in this issue the first discussion
in print of a new refrigerant of lessened toxicity, developed
by Thomas Midgley, Jr., the discoverer of the use of tetra
ethyl lead as the antiknock constituent of Ethyl gasoline,
assisted by A. L. Ilenne. You are referred to the article
for details. We wish here only to comment on the ingenuity
displayed in the search for a non-toxic and non-inflammable
compound which would closely approach the refrigerating
engineer’s conception of an ideal substance for the purpose.
Fluorine, itself a toxic material, substituted for hydrogen
in an organic compound, has produced a gas as completely
non-toxic as carbon dioxide, and having a number of proper
ties which indicate it to be a new competitor for the gases
which heretofore have held this field. It may be two years
before the commercial production of the new refrigerant will
be accomplished, but already engineers are laying plans for
the use of refrigeration in places where they have hesitated
to venture, because of the inflammable, the toxic, or
the corrosive properties of materials used. We hear much
of the cooling or air-conditioning of our homes, which is
soon to follow air-conditioning of theatres, halls, and other
public gathering places. B ut there are other demands for
such modern improvements.
In some mines, valuable ore deposits lie protected by
temperatures in which men cannot work to advantage',
and in industry the lot of the workman, in more than one
instance, can be improved if air-conditioning, involving
refrigeration, can be carried on with greater safety.
Here again we have another example of the great earning
power of research. What has been done will prove a steppingstone to other accomplishments. The multitude of diffi
culties involved in commercial exploitation will be met and
overcome, and the laboratory will be able to claim one more
triumph. As to the non-technical public, we can be ex
cused for reminding them that they should look for and find
the label, “A Product of American Chemistry.”

W ho Can Be Hosts?
'T 'H E unqualified success of the Atlanta meeting serves
*■ to emphasize the specifications for those who m ay be
hosts to the A m e r i c a n C h e m i c a l S o c i e t y at one of its
national meetings. N ot so many years ago, the plan of
meetings and the lack of participation on the part of those
attending in the expenses incident thereto served somewhat
to limit locations in which meetings could be held without
undue burden on local members. All that has changed.
The requirements now are not “How large is your section,
and what financial support can be obtained?” but rather,
“Have you a few really energetic and cooperative workers?
Have you sufficient hotel accommodations? And can
satisfactory facilities for meeting places be provided?”
The total membership of the A m e r i c a n C h e m i c a l So
c i e t y in the State of Georgia is less than one hundred, and

the burden of the Atlanta meeting fell on perhaps not more
than twenty-five w ilin g and enthusiastic workers. One
corporation entertained the S o c i e t y at a memorable barbe
cue, but otherwise the meeting was financed by the local
section members and by registration fees. When a liberal
allowance above figures predicted for attendance was quickly
passed and our hosts were confronted with the necessity of
accommodating almost twice as many as some had thought
would attend, they did not lose their smile nor diminish
the degree and genuineness of their southern hospitality.
Were extra places needed at the dinner? Home folks stood
back, more places were provided, and the event went on
seemingly without a hitch. Were additional cars required
for transportation? They appeared, and even the chairman
of transportation did not know the source of all his assistance.
As outlined in our N e w s E d i t i o n story, no fault could be
found with the cooperation of the hotels and the churches
that furnished meeting rooms, but we would emphasize the
net result—namely, a successful meeting of large proportions
(1434 registered) managed by a section small in numbers, but
self-sufficient in its energy.
Who can be host to the A m e r i c a n C h e m i c a l S o c i e t y
depends on willingness, on living accommodations in the
locality, and suitable meeting places. I t is now possible
for meetings of the S o c i e t y to go to those locations, not only
where it is invited, but where its presence may be of great
potency in furthering the science and supporting the work of
chemists in the vicinity.

A n Award for Scientific
A chievem ent
Popular Science Monthly has announced, in an impressive
manner, the establishment of an award for scientific achieve
ment which is to be made annually “to the American citizen
who, in the opinion of the distinguished members of a com
mittee of award, has been responsible for the current achieve
ment in science of greatest potential value to the world.”
The award is a gold medal and S10,000. It will be made
first in September, 1930, and the yearly period which will be
considered will be the twelve months ending June 30. All
scientific workers, professional and amateur, academic and
commercial, are eligible, provided they are American citizens.
Nominations or suggestions should be sent to Dean Colin P.
Bliss, Director, Popular Science Institute, 381 Fourth
Avenue, New York City.
This award, which is the largest single monetary prize in
America for scientific accomplishment, is to serve two pur
poses: “to heighten the interest of the American people
in those conquests of the laboratory and the workshop
which benefit the whole community;” and “to focus at
tention upon the m any scientific workers who, without
thought of personal profit, toil to better man’s control over
his physical surroundings.”
W ith no limitation whatever imposed with respect to the
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field of science to be considered in making the award, the
committee, upon which rests the responsibility of deciding
which of the many accomplishments has the greatest potential
value to the world, is faced with a more difficult task than
perhaps at any other period in history. The membership
of the committee embraces many whose names are inter
nationally known, and several are members of our S o c i e t y .
They know full well the difficulty of judging achievements
on the basis of their potential value, and all that is involved
in reaching a decision so important to the individuals con
cerned, as well as to the founders of the award, who have
clearly stated the purpose they have in mind.
It is well worth while to heighten the interest of the people
in what the laboratory and the workshop mean to them,
and it is certainly a valuable thing to bring the public to a
better appreciation of what the scientific worker is striving
to do. In an age so fruitful in scientific accomplishment,
these annual awards will be awaited with nation-wide interest.

D ye Progress
rP H E United States Tariff Commission has issued its
* preliminary report of the census of dyes and other
synthetic organic chemicals for 1929. It shows a record out
put and the further substantial growth of the dye industry.
The production in 1929 exceeded that for 1928 by 14 per cent,
reaching approximately 110,200,000 pounds. A decrease in
price lowered the value of the output to less than one-half of
what it was in 1920, though both quantity and value of
sales shpwed an increase of 12 per cent over 1928. The
sales for 1929 amounted to 104,690,000 pounds, at an
average price of 42.6 cents per pound.
Domestic production accounted for approximately 92
per cent of our consumption by quantity and some 80 per
cent by value, while low-cost bulk colors were exported
to the extent of 34,000,000 pounds. New fast and specialty
dyes were added to the list, there was an increase in the
production of vat and other fast dyes, in exports, and in
stocks of domestic dyes on hand. D ye imports also increased,
as did the variety and output of the foreign-controllecl
plants in the United States.
This is not the place in which to recount many of the
statistics which have been prepared in informative detail.
We wish again to emphasize the trend of the average prices
of domestic coal-tar dyes in recent years as an answer
to the charge that under adequate tariff protection the
manufacturers have taken advantage of the American
consumer. The figures of the Tariff Commission show that,
whereas the average sale price of domestic dyes, obtained
by dividing the total value of all dyes by the total quantity,
was 81.26 per pound in 1917, it was 42.6 cents in 1929.
Fluctuations for the most part may be easily accounted for
by the increase in output of the more expensive dyes, such as
the vat colors, which our manufacturers have been urged
to supply in sufficient quantity and variety. The report
gives indigo as one example of price decline. The first year,
1917, in which domestic indigo was produced, its price was
SI.42 per pound; in 1929, the average sales price was 14-.9
cents per pound; and the pre-war price, when our entire
supply was imported, was 15 cents per pound.
There are few industries for which such complete statistics
are available as those for coal-tar dye products, and conse
quently there would seem to be no justification for the mis
statements so often made in the public press and on the
platform. Throughout their activities, the domestic manu
facturers of coal-tar colors have kept faith with the American
people.
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M oscow Dem onstrates
n p O M A N Y the recent demonstrations in America,
■ ordered by Moscow, came as a great surprise. To
others they had been anticipated from the moment when
losses, both paper and real, produced a psychological condi
tion last autumn leading to one of those cyclic depressions
which Karl Marx, the idol of communists, found to be of
seven-year recurrence. A few years ago an American in
vestigator in Europe was told by a prominent communist
that stories of expenditures by his party to influence America
had been exaggerated. He said that, while he considered
American business men very stupid, nevertheless oddly
enough they had hit upon the only way to combat commu
nism—namely, the payment of such wages that the working
man could secure for himself many of the pleasures enjoyed
by his employer. H e went on to say that, of course, a time
of depression must come that would be a signal for commu
nistic activity.
Faced with increasing difficulties in the Soviet, where the
land taken by the peasants from the old regime is being
taken from the peasants by the present political power, the
leaders have forsaken the teachings of Marx to the extent of
holding that the present temporary recession in American
business is the final blow to our financial structure. Hence
it is the time to carry on more actively the work designed to
bring to Americans the obvious blessings of the communistic
state.
N o one knows just how active the communists and their
land, in all varieties and complexions which exist, have been
in America. N o doubt the work intended to overthrow and
destroy all that has been won in more than four hundred
years of constructive effort has gone much further than even
an alarmist would claim. Just why the ideas of communism
appeal and where its seeds find fertile soil in America is in
deed difficult to imagine, and yet in all strata of society
there are to be found in every age a few idlers, ne’er-do-wells,
malcontents, and parasites bent on doing away with an es
tablished order with the hope of some personal advantage.
The dissatisfied are prone to follow any banner under any
promise, and as destruction appeals to them they are always
active. Those engaged in peaceful labor, in home building,
in gaining economic independence, and in social service are
frequently too busy performing the work of the world to
heed the warning signs, and it is no wonder they fail to ap
preciate the situation.
Communism came into power as a result of the war. The
imperial Russian Government, many of whose policies were
indefensible from our point of view and always threatened
with destruction, found itself unable to carry on a war and
simultaneously withstand domestic enemies. Powerful com
munism, therefore, is one of the rewards of the war which, as
is well known, shook the very foundation of our civilization.
Communism today continues to threaten that civilization,
and to render this threat ineffective is one of the m ost im
portant services which can engage the attention of thoughtful,
and especially technically trained, citizens.
It seems to us that to defeat the spirit of communism in our
land we must have, among other things, reasonable employ
ment, the cultivation of real thrift, which means spending
without extravagance as well as without niggardliness, and
some measure of protection for those unable to manage their
own affairs. It is difficult to convert to communism a man
steadily employed at wages which enable him to acquire his
home, educate his family, and give them some of the advan
tages which the average American enjoys. The farsighted
policy of most corporations in making it possible for the em
ployee to acquire some interest in the concern on a plan which
is possible for the employee is a m ost important consideration.
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The Procter and Gamble plan, which guarantees 42 weeks
of work per year and which is so well described in the Survey
Graphic for April, might well be generally emulated. There
should be no such thing as “normal unemployment.”
We m ust urge and support our plan of mass education.
By so doing we also train a few who become the spellbinders
and false leaders of the unthinking. We even provide pupils
for the all-too-numerous teachers who fail to appreciate fully
their present good fortune. Yet only through education can
be cultivated intelligent thinking, a better understanding of
the fundamental principles upon which our nation is founded,
and the ability to reach sound conclusions, discriminating
between essentials and non-essentials. Communism flour
ishes where illiteracy is high, where the people have been
trained for generations to believe what they are told, and
where truth is suppressed. We must also do all in our power
to cultivate and maintain peace. It is doubtful whether our
civilization could withstand another war. We are not paci
fists. We know that America should not be left defenseless,
and we know that progress toward a lasting peace must be
slow for the way is m ost difficult. It is but another way of
saying that the price we shall have to pay for the maintenance
of civilization is undoubtedly high, but is it not worth it?
It seems to us that in the spirit of service we should aid
those who crave the joys of communism to reach the land
where it flourishes in full flower. Though opposed by some,
it is now generally accepted that the limitation of immigration
has been a wise policy. N o doubt we should go further in
developing a more highly selective immigration. If this be
true, then ought we not to look more carefully to our de
portation laws and use more frequently the powers already
provided? If necessary we should forcibly deport the alien
who, by his own teaching and performance, seems to have
made a terrible mistake in choosing this country for his home.
He was not invited. W hy tolerate his efforts to overthrow
that which we have gained through developing those original
principles of free schools, free churches, free speech, and free
press? Perhaps we have some American citizens who might
also enjoy permanent transplanting to more congenial sur
roundings. We believe in doing whatever can be done to
lift them out of their present uncongenial environment.
As a people we are too largely given to believing that all is
going well and that our cherished institutions are never in
danger. Unfortunately, this is not the case. Those who
have been technically trained should be unusually well fitted
to declaim the truth. They have been taught analysis,
discrimination, keen observation, and a high regard for
truth, and these are the attributes desirable in thwarting the
efforts of those who continually plot mischief.

Promptness in Publication
T3R O M PT publication of acceptable manuscripts is a
duty of the publication accepting them, and delays
are disadvantageous not only to authors, but to science and
industry. The failure to publish promptly is, however, not
chargeable to any single agency. It is commonly supposed,
and it has frequently been the case, that funds for publica
tion were insufficient to buy enough paper and printer’s
ink to permit early publication. It has been necessary to
require condensation of manuscripts in an effort to make two
or more articles appear where but one appeared before.
This requirement to boil down has led some to observe that
certain papers have been evaporated to complete dryness;
but no editor seeks to have curtailment carried to the point
where a discussion loses its value. Other time factors are
reviews, revisions, and proof reading by authors.
A t present undue delay in publication is not known in
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I n d u s t r i a l a n d E n g i n e e r i n g C h e m i s t r y . When this
issue went to press, it contained all the accepted manuscripts
which could be put through the mechanics of publication in
time to appear hère. The same thing was true of the
A n a l y t i c a l E d i t i o n when it was issued on April 1 5 . ' This is
not an invitation to shower us with manuscripts, nor is it an
indication that we have rejected an undue proportion for lack
of suitability. We are fortunate in having been able, without
a change in policy, to overtake our publication program. We
intend to keep in that position by endeavoring, with the
assistance of those who help us with reviews, not only to
maintain our present high standard, but to elevate it.
How long can this condition continue? Indefinitely,
if we accept only sufficient manuscripts to occupy allotted
pages under our budget; indefinitely, also, if those who
support research can be brought to realize the comparative
uselessness of their effort if the results of the study are not
made available through th e scientific press. In business
operations it is customary to appropriate and lay aside
certain small percentages against contemplated expenditures.
The budget of a manufacturer or of a business concern must
provide for internal revenue and property taxes, for interest
on bonds and other evidences of indebtedness, for royalties,
bonuses, insurance, and what-not. Is there any good reason
why those who manage budgets from which the expenses
of research investigation and development are m et should
not lay aside some definite, but regular, small percentage
to help defray the cost of publication? One can only esti
mate the total cost of research in progress in the United
States. W e know that some laboratories are in the million
aire class in appropriations and are above that in their earn
ing capacity. Even one-half of one per cent of the expendi
tures for research would insure immediate publication in
extenso and multiply enormously the value of this work to the
general public, to industry, and to our science.

T h e Census
( ~ ) N SOME occasion it has been said that the chemical
industry is one of the most difficult from which to obtain
real cooperation in the compilation of statistics. There is a
certain reticence among chemical manufacturers about dis
closing figures revealing the volume of their operations,
but it is to be hoped that in the Census of Manufactures,
which this year combines the biennial and the decennial
census, chemical manufacturers will fully cooperate.
The first result will be the preparation of numerous pre
liminary reports to appear promptly after the receipt of
complete returns and designed to show the increase or de
crease in output of each commodity, thus enabling the
manufacturer to interpret his progress as compared with his
industry in general, and, in addition, such data as the ratio
between cost of materials and value of products, the output
per wage earner, and the ratio of wages to value of output.
It will help him to determine whether he is paying too much
for his materials, and whether his output per wage earner is
too small. The preliminary reports will receive little or no
editing for verification.
The final reports, carefully checked, will present detailed
statistics showing the cost of productive and of non-pro
ductive labor, the increase in the employment of women
in recent years, hours of labor per week for individual wage
earners, the migration of industries from state to state, the
quantities and cost of principal materials and of fuel consumed
and the power-plant equipment. Steps have been taken to
simplify the questionnaires and, while it is recognized that
some effort and perhaps expense is incident to such co
operation, it is evident that returns will more than justify
prompt and whole-hearted participation.
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Industry, Chemical Engineering, and the South'
A Statistical Survey
Everett P. Partridge
14-iO E.

e

P a r k P la c e , A n n A r d o r , M ic h .

This survey of the present sta te and th e prospects of
of ten Southern States are
NDUSTRY is not new in
southern
industry
in
general,
and
of
southern
chem
ical
presented in Table I. These
the South in gpite of a
engineering industries in particular, is divided into two
data are given for each of
ro m a n tic tradition em
m ain parts. The general industrial developm ent of the
the six years from 1914 to
phasizing swords and roses,
South since 1914 is treated on a statistical basis in the
1927, inclusive, in which a
and the popular association of
first part, together w ith discussions of southern m ar
Census of Manufactures was
this part of the country with
kets, labor, and power and fuel, as im portant factors
taken by the Government.
the growing of cotton and
affecting further developm ent. Southern raw m a 
In the last column the values
tobacco. There have been
terials are n ot discussed, but references are given to
for the Southern States are
in d u s tr ie s , and chemical
sources of inform ation.
expressed as percentages of
engineering industries at that,
The second part of th e paper contains a study of the
the corresponding totals for
in the South since the first
chem ical engineering industries in the South, w ith
t h e U n ite d S t a t e s . The
s e tt le m e n t in Virginia. It
statistical data on the developm ent of each of thirty
v a lu e s for 1927 show that
was not, however, until after
industries in each of ten states for th e period from
approximately 19 p er c e n t
th e W orld W ar that the
1914 to 1927, together w ith a discussion of th e present
of the people in the United
migration of the textile mills
possibilities for further chem ical engineering develop
S t a t e s th e n lived in the
from New England to the
m en t in the South.
S o u th e r n States, but that
Carolines and the remarkable
For the purpose of this survey, th e South has been
only 13 per cent of the wage
growth of rayon manufac
regarded as the region south of the Ohio River and east
earners of the nation W'ere
ture caused much advertise
of the M ississippi River, including the states of Virginia,
included in the population of
ment of the industrial possi
West Virginia, North Carolina, South Carolina, Georgia,
the South and t h e s e w a g e
b ilit ie s of th e S o u th ern
Florida, Alabama, M ississippi, Tennessee, and Ken
earners drew less than 9 per
States. Recently the atten
tucky.
cent of the total wages paid.
tion of the nation has been
T h e v a lu e of the materials
drawn more and more to this
region by publicity which is, in large measure, sound engi used in manufacture in the Southern States comprised 8 per
cent of the United States total, while the percentage of the
neering and economics, but admixed at times with vary
ing proportions of ballyhoo. It is the purpose of this part
of the survey to enable the interested observer to ’differ T a b le X— S u m m a r y o f G e n e r a l I n d u s tr ia l S t a t is t ic s fo r th e S o u th e r n
S t a t e s s in c e 1914
entiate between the ballyhoo and the more sober advocacy
(From the reports of the Census of M anufactures)
of the advantages of this region.
S outhern
G roup
The South undoubtedly does offer definite advantages,
U n it e d
S outhern
P er C ent
Y bar
and with them equally definite disadvantages. There is
op
S tates
G roup
U n it e d
the example of cheap labor. If this factor has been omitted
States
from one typical prospectus on the South, the writer has
2,973,774
I.and area, sq. mi.
436,614
14.67
unfortunately not seen that prospectus; yet cheap labor
1930
122,537,000
19.22
Population
23,550,618
19.37
1925
115,378,000
22,351,167
is the economic synonym for low buying power, and low
1920
105,710,620
20,773,344
19 .6 5
2 0 .4 1
1910
91,972,266
18,776,059
buying power is hardly the firm foundation for a good market.
Num ber of
1927
191,866
20,512
10.69
What has been intended in the following pages is a frank
187,224
establishm ents
1925
20,505
1 0 .9 5
1923
196,182
20,328
10 .3 6
discussion of the industrial development which is taking
1921
196,098
9 .9 9
19,597
1919
38,422
290,105
13.24
place in the South at the present time, supported, where
1914
275,791
13.49
37,216
possible, by statistics comparing the South with the United
Wage earners (average) 1927
8,353,977
12 .9 4
1,081,059
1925
8 381,511
12.39
1,038,483
States as a whole. It is obviously impossible to tell the
1923
8,776,646
11.59
1,016,801
complete story of raw materials; make a series of market
1921
6,944,315
771,800
11.11
9,096,372
1919
966,579
10.63
surveys; cite balances of cost of transportation, power, and
1914
7,036,247
807,103
11 .4 7
W ages, thousand dollars 1927
10,848,803
942,751
8 .6 9
fuel for various industries; and conclude with a sociological
1925
10,727,338
900,676
8 .4 0
study of labor conditions. Furthermore, much of this in
1923
11,007,851
861,727
7 .8 3
1921
8,200,359
647,141
7 .8 9
formation is available in government or state bulletins, the
1919
10,533,400
878,416
8 .3 4
1914
4,078,322
reports of power companies or railroads, or articles in various
339,807
8 .3 3
of materials, sup 1927
35,133
2,844
8 .0 9
periodicals. A bibliography and a list of sources of infor C ost
plies, containers for 1925
35,897
2,918
8 .1 3
products, and fuel and 1923
34,684
7 .9 4
2,753
mation appended to this survey will prove of interest to the
power, million dollars
1921
25,292
1,915
7 .5 7
person wishing to make further investigation with respect
1919
37,376
2,9087 .7 9
1914
14,368
7 .7 0
1,107
to a certain industry or region.

I

General Industrial Development
Statistics indicating the land area, population, number
of industrial manufacturing establishments, average number
of wage earners, w'ages, cost of materials, and value of manu
factured products for the United States and for the group
1 R eceived March 3, 1930,

Value of products,
million dollars

Horsepower

1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914

62,718
62,668
60,530
43,619
62,418
24,246
38,825,681
35,766,944
33,092,222

5,277
5,204
4,834
3,285
5,010
1,921
4,870,074
4,245,686
3,903,268

8 .4 1
8 .3 0
7 .9 9
7 .5 4
8 .0 3
7 .9 2
12 .5 4
11.87
11 .8 0

29,504,792
22,437,072

3,685,674
3,071,624

.1 2 ! 49
13.69

May, 1930

IN D U S T R I A L A N D E N G IN E E R IN G C H E M IS T R Y

413

value of products was slightly higher. The primary horse
able steady decrease. This is due to an actual decrease in
power installed in manufacturing plants was, however, 12.5
the total value of manufactured products, coupled with an
per cent of the total for the whole country.
increase in population.
These figures are interesting since they indicate wages
North Carolina has outstripped all tfie other states of the
and value of products relatively much lower than the ex South in its industrial development. The rising curve for
tent of employment and the amount of power equipment.
this state in Figure 2 is, however, due largely to two specific
Even more interesting are the trends over the thirteen- industries, the manufacture of textiles and of cigars and
year period covered by the data, including the period of
cigarettes. The increasing trends for Tennessee since 1921
expansion during the World War, and the subsequent in and for Virginia since 1923 are due to more diversified new
dustrial depression reflected particularly in the figures for developments, prominent among which are pulp and paper,
1921. The trends may be seen at a glance in the diagrams rayon, and chemicals. Kentucky and Mississippi show less
of Figure 1, derived from Table I. The percentage of popu marked, but definite, increases in industrial activity.
lation has decreased quite steadily a lth o u g h
a c t u a l p o p u la tio n h a s increased. The per
"**■ ——
-- centage of wage earners has increased markedly
pona./TION
since 1919, while the percentage of wages dropped
off from this year to 1923, subsequently increas
ing. ' There was an abrupt drop in percentage of
establishments from 1919 to 1921, as many tem
LANO RCA
porary war industries went out of business carry
ing with them not a few older concerns. The sub
_ K ) R 5 C POWER
sequent tendency toward increase has been par
tially offset by consolidation of small plants. The
percentage of value of products has increased since
1921. The steady decrease in percentage of pri
VA.IX O f PfWOOC T 5
mary horsepower up until 1923, with subsequent
W
A
G
C
5
increase, is undoubtedly due to a time lag in the
mechanization of plants, which proceeded most
rapidly in the more highly industrialized sections
of the country because of the relatively high cost
F ig u r e 1— I n d u s tr ia l S t a t is t ic s fo r th e G ro u p o f T e n S o u th e r n S t a t e s fr o m
of labor in these regions.
1914 to 1927, E xp ressed a s Per C e n t o f U n it e d S t a t e s T o ta ls
M ost of the trends indicated in Table I and Figure
1 are quite definite. It is probable that the statistics of the
The figures from tfie 1930 census of population m ay change
Census of Manufactures for 1929 will strengthen all of them.
some of the values in Table II and Figure 2 to a slight ex
Table II and Figure 2 show the industrial activity of each
tent, since these are foupded on provisional estimates made
of the states on the basis of value of manufactured products by the Bureau of Census for the period since the Census of
per unit of population. The figures for relative industrial
1920. The statistics of the 1929 Census of Manufactures
activity are based on a value of 100 for the United States.
may also strengthen or offset some of the indicated trends.
While the three highest states in the United States ranged
An industry exists only by grace of the satisfactory inter
from 179 to 159 iri 1927, the ten Southern States ranged
relation of m any factors, of which the following are most
from 76 to 21, and all but two fell in the range from 50 to 30.
important: a market for its products; raw materials from
Interpretation of Table i l and 'Figure 2 should be made which to make these products; transportation to link the
with some caution. The year 1919 was one of abnormally raw materials to the plant, or the plant to the market, or
great industrial activity, while 1921 was a year of great de both; and power, fuel, equipment, labor, and intelligent
pression. Southern industry was, in general, more affected
engineering control to convert the raw materials into the
by both of these conditions than was industry in the country
products. Satisfactory inter-relation of these factors is
as a whole, as m ay easily be seen from the decreasing slopes no longer a matter of prophetic inspiration, nor can the
from 1919 to 1921 for nine out of the ten states, particular]}' lack of inter-relation be permanently offset by strong ad
W est Virginia, Alabama, and Georgia. Continued depression vertising and sales promotion. Accurate information is at
through 1923 is indicated for Virginia and Florida. From
a premium, whether it consists of population statistics or
1923 on, West Virginia is the only state which shows a notice
a vapor-pressure curve.
T a b le II— R e la tiv e I n d u s tr ia l A c tiv ity in S o u th e r n S t a te s o n B a sis o f V a lu e o f P r o d u c ts
S tate
U nited States
H ighest States (1927):
M ichigan
N ew Jersey
R hode Island
Southern Group:
N orth Carolina
W est Virginia
Virginia
Tennessee
Alabama
South Carolina
Georgia
K entucky
Florida^
M ississippi
Lowest States (1927):
Arkansas
N orth D akota
N ew M exico

V a l u e of P roducts p e r U n it o p P o pu la tio n

R e la t iv e I n d u str ia l A ctivity

1927

1925

1923

1921

1927

$529

$543

$542

$402

1925

1923

1921

1919

$543

100

100

945
912
841

1021
983
916

959
9S7
1033

574
777
826

100

100

100

934
1152
1223

179
172
159

188
181
169

177
182
191

143
193
205

172
212
225

399
269
264
247
216
194
192
176
161
110

374
287
237
245
221
205
209
181
211
112

351
305
225
227
222
205
200
172
161
100

253
205
192
156
126
138
123
123
138
64

366
320
277
237
209
225
238
163
214
110

76
51.
50
47
41
37
36
33
30
21

69
53
44
45
41
38
39
33
39
21

65
56
42
42
41
38
37
32
30
18

63
51
48
39
31
34
30
30
34
16

67
59
51
44
39
41
44
30
39
20

95
73
51

104
70
51

94
66
54

66
56
38

114
89
49

18
14
10

19
13
9

16
14
9

21

1919

*

17
12
10

*

16
9
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While the writer cannot pretend to supply complete specific
information in discussing each of the factors just mentioned,
it is at least possible to indicate the sources of such informa
tion while discussing the salient points under each heading.
The South as a Market
The products of an industry may either go by a fairly
direct route to individual ultimate consumers or they may
be utilized as the initial materials of some other industry.
In the first case the markets for
the product of the given industry
is a function of population and of
the ability of that population to
purchase goods; in the second
case it is a function of general in
dustrial activity and of the rate
of increase or decrease of this ac
tivity, rather than of population
directly. In general, the prod
ucts of the chemical engineering
industries are consumed by other
industries rather than by indi
viduals, although the food indus
tries and fertilizer manufacture
are two notable exceptions.
It is not possible to give here a
specific estimate of the southern
market as a function of popula
tion. If the claims of the cotton
farmer are true, certain regions of
the South undoubtedly constiF igu re 2—R e la tiv e in d u s tr ia l tute poor markets at the present
A c tiv ity o f th e T e n S o u th e r n
c
s t a t e s fr o m 1919 to 1927
time, while the improbability of
any great increase in the price
of cotton in the future does not make the outlook more
optimistic. The prevalence of low wages, even though these
are to some extent compensated by lower living costs, also
tends to limit the southern market for goods. The number
of wage earners is increasing rapidly, however, in certain
sections and a gradual increase in the wage scale will un
doubtedly follow. In general, the market dependent upon
population will probably develop in those parts of the South
which are experiencing industrial growth, so that the ques
tion of southern markets may be resolved for the present
into a question of industrial activity.
It is probable that industry developing in the South will
not, for some time, find its principal market in the southern
states. This generalization will not hold, of course, for
specific industries. Every new industrial venture success
fully developed in the South serves, however, to increase the
potential market in this region. A period as short as ten
years may see a decided increase, from which the industries
now being established in the South will be well situated to
pick the profits.
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of travel to busy executives. The status of each of these
methods of transportation in the Southern States m ay be
estimated from the information in Table III. The South
has unusual advantages in its waterways, as indicated by the
map of Figure 3, which shows only existing improved naviga
ble routes. In Figure 4 are indicated the rail connections
and freight-junction points in the Southern States, taken
from a more detailed map prepared by the Southern Freight
Association. Table IV shows that the railroads in the south
ern district have been expanding quite steadily since 1916.
T a b le III— S t a t u s o f T r a n s p o r ta tio n F a c ilit ie s in th e S o u th e r n
S t a te s
(From Statistical Abstract of the U nited States, 1929, and the B lue Book
of Southern Progress, 1929)

S tate

R a il r o a d
T rackage

(1927)

Alabama
Florida
Georgia
Kentucky
Mississippi
N orth Carolina
South Carolina
Tennessee
Virginia
W est Virginia
Southern States
United States
Southern States
per c e n t o f
U nited States

N a v ig a b l e
W aterw ays

(1928)
(a

ppro x

.)

S u rfa c e d S ta te
H i g h w a y s (1927)

A11
T ypes
ypcs

Sh eet AsS j a lt and
Concrete

M iles
5185
5708
6835
4049
4266
5223
3744
4063
4528
4007

M ties
1800
1200
700
600
700
1000
650
350
450
250

M iles
2384
3218
3505
4526
4129
6226
4522
3709
4156
2210

M iles
215
580
606
250
298
2732
. 446
498
599
629

47,608
249,131

7700

38,585
176,508

6853
43,313

2 1 .8

1 5 .5

19.1

A

ir p o r t s
and

L a n d in g
F ie l d s

(1928)

13
33
22
8
4
25
15
10
32
10
172

The highway situation in the South is being rapidly im
proved. From comparison of the figures in Table II it is
evident that the building of heavy-duty hard-surfaced high
ways in the South has lagged behind the general develop
ment of other less expensive types of improved roads. North
Carolina is a striking exception, with 44 per cent of the state
highway system included in the sheet asphalt and con
crete class. Detailed information concerning highway de
velopment may be obtained from the several state highway
departments.
We will thus see that the South is far from deficient in

The South as a Source of Raw M aterials
The raw-material resources of the Southern States have
been well advertised in recent years. Specific information
concerning local deposits of many minerals may be obtained
from sources appended to this survey. In general, the
great chemical engineering resources of the South are: forests,
cotton, coal, salt, sulfur, and natural gas. The significance
of these materials will be discussed subsequently in con
nection with the immediate possibilities for development
in the South.
Transportation
Railroads, highways, and navigable waterways are the
present means for industrial transportation. To these must
soon be added the air, which already offers a quick means

*--------------------------------------- —-------------- -— _____ ri

F ig u r e 3— C o m p le te d I n la n d W a te r w a y s In t h e S o u th e r n S t a te s
Solid lines indicate channels more than 6 feet deep at low water; broken
lines, channels less than 6 feet deep at low water. Projected, but not com
pleted, channels are not indicated.

May, 1930
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F ig u r e 4— R a ilr o a d L in e s a n d J u n c t io n P o in ts in th e S o u th e r n S t a te s

transportation facilities. A t present the railroads'and the
inland waterways, particularly the Mississippi and Warrior
river system s and the Atlantic and Gulf intracoastal canals,
are the m ost important from an industrial standpoint. With
the current increase in hard-surfaced highway systems in
the South, truck transportation may, however, become a
more significant factor than it is at present.

The Census of 1930 may, howrever, show a population in
crease in this state. Mississippi and Florida are the only
Southern States showing a population density less than the
average for the United States.
T a b le IV— D e v e lo p m e n t o f R a ilr o a d s in th e S o u th
M

Labor
The population of the South has been increasing, but
at a rate less than that of the United States as a whole.
This is indicated by the figures of Table V for each of the
Southern States. W est Virginia, North Carolina, and Florida
are the only states showing rates of increase greater than
the average for the entire country; the respective factors
at work in these three states are coal, textiles, and climate.
The actual population has increased in each state except
Mississippi, which showed a decrease from 1910 to 1920.

Y

il e a g e O p e r a t e d
(f ir s t t r a c k )

ear

1927
1926
1925
1924
1923
1921
1916

Southern
States

U nited
States

M iles
45,416
44,727
44,241
43,824
43,894
43,826
42,753

M iles
238,634
237.054
236,849
235,894
235,574
234,702
231,674

R

oad

Southern
States
Per Cent
of U nited
States

1 9 .0
1 8 .9
18.7
1 8 .6
1 8 .6
1 8 .7
1 8 .5

A

g g r e g a t e C a p a c it y
F r e ig h t C a r s

Southern
States

U nited
S tates

1000 tons
19,424
19,359
18,968
18,428
17,818
17,174
15,633

1000 tons
105,846
105,953
105,570
104,149
101,318
98,504
92,280

of

Southern
States
Per Cent
of U nited
States

1 8 .3
1 8 .3
1 8 .0
17.7
1 7 .6
1 7 .4
16.9
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T ab le V— P o p u la tio n C h a n g es In th e S o u th e r n S ta te s
(From statistics of Bureau of the Census)
P

Stays
Alabama

Florida

Georgia

K entucky

Mississippi

N orth Carolina

South Carolina

Tennessee

Virginia

W est Virginia

Southern States

United States

Y b a r0

1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910
1930
1925
1920
1910

P

C b n t o p P o p u l a t io n
U n it e d
pbr
States
S q u a r e M il e

e r

o p u l a t io n

5 0 .9
4 8 .7
4 5 .8
4 1 .7
27 .1
2 1 .5
17.7
13.7
5 5 .5
5 2 .9
4 9 .3
4 4 .5
6 4 .1
6 2 .5
60.1
5 7 .0
3 8 .6
3 8 .6
3 8 .6
3 8 .8
6 1 .6
5 7 .7
5 2 .5
4 5 .3
6 2 .2
5 9 .1
5 5 .2
4 9 .7
6 0 .7
5 8 .8
56.1
5 2 .4
6 5 .2
6 1 .3
5 7 .4
5 1 .2
7 3 .7
6 8 .2
6 0 .9
5 0 .8
5 3 .9
5 1 .2
4 7 .5
4 3 .0
4 1 .2
3 8 .8
3 5 .5
30 .9

2 .1 3
2 .1 7
2 .2 2
2 .3 2
1.22
1.10
0 .9 2
0 .8 2
2 .6 6
2 .6 9
2 .7 4
2 .8 4
2 .1 0
2 .1 7
2 .2 9
2 .4 9
1.46
1.55
1.69
1.95
2 .4 5
2.44
2 .4 2
2 .4 0
1.55
1.56
1 .5 9 *
1.65
2 .0 7
2 .1 2
2.21
2 .3 8
2 .1 4
2 .1 5
2 .1 8
2 .2 4
1.44
1.42
1 .3 8
1.33
19.22
19.37
19.65
20.41

2,612,000
2,499,000
2,348,174
2,138,093
1,489,000
1,263,549
968,470
752,619
3,258,000
3,102,000
2,895,832
2,609,121
2,577,000
2,508,000
2,416,630
2,289,905
1,790,618
1,790,618
1,790,618
1,797,114
3,005,000
2,812,000
2,559,123
2,206,287
1,896,000
1,804,000
1,683,724
1,515,400
2,531,000
2,448,000
2,337,885
2,184,789
2,622,000
2,486,000
2,309,1S7
2,061,612
1,770,000
1,638,000
1,463,701
1,221,119
23,550,618
22,351,167
20,773,344
18,776,059
122,537,000
115,378,000
105,710,620
91,972,266

° The figures for 1925 and 1930 are provisional estim ates by the B u
reau of the Census.

The racial distribution of population in the Southern
States, based on the Census of 1920, is indicated in Table VI.
This table brings out the very small percentage of foreignborn whites in the South, with the exception of West Virginia
and Florida, and the high percentage of negroes, particularly
in Mississippi and South Carolina where they comprise more
than half of the respective state populations. Both of these
conditions deserve comment from the viewpoint of labor
supply.
T ab le V I— R a ce D is tr ib u tio n o f P o p u la tio n In S o u th e r n S ta te s
(From statistics of the Census of 1920)
State

Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
South Carolina
Tennessee
Virginia
West Virginia
United States«

N a t iv e
W h it e

6 0 .8
6 1 .6
57.7
8 9 .0
4 7 .4
7 0 .0
4 8 .2
8 0 .0
6 8 .8
8 9 .9
7 6 .7

F

o r e ig n

W

-B

h it e

0 .8
4 .4
0 .6
1.2
0 .4
0 .2
0 .4
0 .7
1 .3
4 .2
13 .0

orn

N

egro

3 8 .4
3 4 .0
4 1 .7
9 .8
5 2 .2
2 9 .8
5 1 .4
19 .3
2 9 .9
5 .9
9 .9

iuu.nn, vuiucM , Japanese, ana an otner races constituted 0.4 per
cent of the population m 1920.

The availability of large blocks of intelligent, loyal, and
practically c. p. American Anglo-Saxon labor in the South
has been repeatedly emphasized by agencies seeking to de
velop industry in this region. These protagonists of southern
labor apparently rely upon a variation of the Nordic myth
in assuming that a pure-bred Anglo-Saxon from the Appa
lachians is the superior, from a labor standpoint, of a recent
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inhabitant of Middle Europe. Actually there are several
peculiar problems involved in the utilization of southern
white labor. These problems have their origin in the inevi
table clash of industrial discipline with the easy habits of a
sensitive and independent type of people. A Tennessee
mountaineer may be fascinated by the thought of an indus
trial job. Once taught his particular operation, quite proba
bly a repetitive one, he soon tires of the monotony. As he
has been accustomed to follow his own whims, he suddenly
decides to stay away from work for a while. This does not
suit a foreman intent on keeping plant operations going,
- who must now" break in another operative. The foreman is,
however, up against two undesirable alternatives. If he
assumes a dictatorial manner, he loses the laborer perma
nently, and keeps on losing the latter’s successors with dis
concerting rapidity; if, on the other hand, he ignores the
irregularities of the laborer, his production schedule is for
ever breaking down. The solution apparently lies in attempt
ing to keep the interest of the laborer centered on his job.
The foreman who descends from the autocrat to the prac
tical psychologist seems to be getting results in regions where
traditional methods of supervision continue to fail.
The supply of negro labor in the South is large, but it is
not yet certain that it is industrially significant. Its sole
field of use is heavy manual labor, since the more intelligent
class of negro will scarcely be admitted on a competitive
basis with whites for operations involving skill.
Wages are quite definitely lower and the customary hours
of labor are definitely longer in the South than in the United
States as a whole, as indicated by the data in Table V II.
These conditions are quite to be expected, both because of
the lower living costs and the longer average period of day
light in the South and because this region is just entering
the period of modem industrialism and has only commenced
to organize labor for the purpose of reducing hours and in
creasing wages.
The fact that labor is cheaper in the South than in more
highly industrialized portions of the United States is un
doubtedly important in considering the location of new in
dustries in this region. It will be a narrow policy, however,
which, in attempting to maintain cheap labor costs, per
mits the same cycle of labor conflicts in the South in the
next quarter-century that took place in the development
of industry in the Northeast. If shortsighted industrial
executives fail to learn by experience, the development of
industry in the South is likely to be marked by bitter wars,
an example of which has already been provided in North
Carolina. It is significant that industrial concerns with
well-developed programs to further the health and recrea
tion of their employees and to prevent profiteering by un
scrupulous dealers in supplies experience very little trouble
with labor. Possibly the best means of counteracting radi
cal labor agitation lies, not in riot guns, but in attractive
sanitary industrial villages supplied with baseball diamonds,
tennis courts, and company-operated stores.
Power and Fuel
The availability of great reserves of power and fuel is one
of the points frequently made in favor of the South by those
who are seeking to develop industry in this region. While
it is quite usual for a discussion of southern power to center
around hydroelectric potentialities, the part which is being
played now, and will undoubtedly joe played to an increasing
extent in the future, by coal, oil, and natural gas m ust not
be underestimated.
C l a s s i f i c a t i o n o f P o w e i i —-The power used by industry
may be classified first as either electric or non-electric. In
the latter classification are included all types of primary
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T a b le V II— C o m p a r iso n o f W ages a n d H o u r s o f L abor in S o u th e r n S t a te s w ith A verage V a lu e s fo r U n ite d S t a te s
(From figures of the Bureau of Labor Statistics, Bulletin 439)
Y ear.
Industry.
T y p e of labor...

1926
F

1924

a r m in g

General

Hours of labor
and w a g e s...

D o lla rs/
day

Alabama
Florida
Georgia
K entucky
M ississippi
N orth Carolina
South Carolina
T ennessee
Virginia
W est Virginia
U nited States

1 .6 0
2.0 0

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

1.00

2 .1 5
2 .5 0
2 .5 5

av.
63
79
57
80
65
75
55
63
84
98
100

1926

B it u m in o u s
C oal. M i n in g

M achine miners
D ollars/
hour in
mine

%
U. S.
av.

0 .7 7 5

72

0 .8 7 4

81

0 .5 1 4
0 .6 2 6
1.0 5 5
1.0 7 9

48
58
98
100

C

otton

1926
G

Loom fixers

Picker tenders, male
H ours/ D o lla rs/
week
hour

-iT°c
av

H o s ie r y
U n derw

oods

H ou rs/ D ollars/
week
hour

1925
and

P

ear

Average, all types

%

U. S.

H ou rs/ D olla rs/ u s
week
hour
av
5 5 .0
5 5 .1

0 .2 1 5
0 .2 5 8

49
58

5 5 .2

0 .3 2 8

74

79

5 4 .2
5 2 .2

0 .2 9 1
0 .2 4 6

100

5 1 .3

0 .4 4 3

5 6 .6

0 .2 1 9

72

5 4 .9

0 .3 9 4

66

5 6 .8

0 .2 1 5

71

5 7 .6

0 .3 7 2

63

5 5 .7
5 5 .0

0 .2 6 4
0.251

87
83

5 5 .7
5 5 .3

0 .4 1 1
0 .3 7 7

69
63

5 5 .4

0 .2 5 0

82

5 5 .2

0 .4 6 8

5 4 .1

0 .2 9 7

100

5 3 .5

0 .4 8 9

a per

B

ox

-B

oard

Average, all types
H ours/ D olla rs/
2 weeks hour

1 3 7 .8a

0 . 301a

66
56

128.2*

0.343*

100

108.6

0 .5 1 8

tt^ o

av

58°

66*
100

a Alabam a, Florida, South Carolina, Tennessee averaged together,
* Virginia and W est Virginia averaged together.

power equipment from water wheels to Diesel engines. A
generated electric power was 12 per cent lower in the Southern
further classification of electric power may be made to differ States than in the country as a whole. The writer is in
entiate between power generated by an industrial plant for clined to interpret the trends in Figure 6 as indicating that ■
its own use and power purchased by such a plant from a further replacement of non-electric by electric power in the
public utility company. Table V III presents statistics from
South will fall even more largely to the share of the public
the Census of Manufactures for primary power equipment
utilities than in the nation as a whole.
installed in industrial plants. When the figures for power
Of the electric power generated by public utilities in the
are plotted for the three groups for the period since 1899,
Southern States during 1928 and 1929 approximately 62
the extremely interesting diagrams of Figure 5 are obtained.
per cent was derived from hydroelectric operations; the re
The diagram on the left represents the rated installed pri maining 38 per cent was generated in fuel-fired plants burn
mary power for all industries in the United States, and the dia ing coal, duel oil, natural gas, or waste wood. The actual
gram on the right, the same data for the ten Southern States
production of hydro and fuel power by public utilities for
on a scale magnified ten times. These diagrams are essen
each of the Southern States for the years 1927 to 1929 intially similar, indicating the same general
trends in the South as in the country at large.
Both show quite a steady increase in total
installed power. Of this total, the non-elec
tric portion at first increases, for the United
States up until 1909, and for the Southern
States up until 1914, but subsequently de
creases. This decrease in non-electric power
seems to be slowing up in 1925, particu
larly in the South. It is possible that the
Diesel engine is responsible for this trend,
and also for the increase from 1923 to 1925
in the primary electric power generated by
the industrial plants themselves. The fig
ures for 1929 will be awaited with interest.
From 1919 to 1927 the amount of primary
power installed within industrial plants as
non-electric and as privately generated elec
tric power together has been substantially
constant for the United States, while the
purchased electric power has increased rap
idly and steadily. A similar picture is pre
sented by the Southern States.
The replacement of non-electric by elec
tric power, and the growth of the public
utilities is strikingly indicated in Figure 6,
»99
1904
(909
i9W
(9*9
I92Î >921 <927
1699
(904
(909
19(4
19(9
1923 1925 1927
which represents the percentage of the
F ig u r e 5— D e v e lo p m e n t o f D iffe r e n t C la sse s of P r im a r y P o w er in M a n u f a c t u r in g
E s t a b lis h m e n t s in t h e S o u th e r n S t a te s a n d i n th e U n ite d S t a t e s fr o m 1899 to 1927
t o t a l in s t a lle d power falling in each of
the three classifications over the period from
elusive, is shown in Table IX . North Carolina, South Caro
1899 to 1927. Here again it is evident that the trend in
the Southern States is the same as that for the whole lina, Georgia, and Alabama produce over 90 per cent of
country, since the slopes of the lines for each classification their public-utility power from water, while W est Virginia,
are quite similar. Figure 6 also brings out prominently Florida, and Mississippi produce over 90 per cent of their
the fact that, while in 1927 the percentage of public utility power from fuel. Virginia, Kentucky, and Tennessee show
power was practically the same in the South as in the United
a more even division between the two sources of power.
States, the percentage of non-electric power was approxi The marked increase from 1927 to 1928 in the percentage of
m ately 12 per cent higher and the percentage of privately
hydroelectric power developed in the Southern States is note-
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T a b le VIII— R a te d I n sta lle d P rim a ry Pow er in I n d u s tr y fo r T e n S o u th e r n S t a te s a n d U n ite d S t a te s
(From statistics of Census of M anufactures)
T
Y

ear

1927
1925
1923
1919
1914
1909
1904
1S99
1927
1925
1923
1919
1914
1909
1904
1899

United States

Southern States

housand

H

P

orsepow er

Total

Non-electric

Privately
generated

Purchased

T otal

38,826
35,767
33,092
29,324
22,437
18,675
13,488
10,098
4,870
4,247
* 3,963
3,686
3,079
2,581
1,747'
1,182

8,487
9,648
10,906
13,073
13,601
13,858
11,896
9,605
1,635
1,677
1,912
2,218
2,271
2,196
1,644
1,155

11,207
10,255
8,822
6,969
4,939
3,068
1,151
310
825
722
557
464
307
199
71
20

19,132
15,864
13,364
9,282
3,897
1,749
441
183
2,410
1,848
1,494
1,004
501
186
32
7

30,339
26,119
22,186
16,251
8,836
4,817
1,592
493
3,235
2,570
2,051
1,468
808
385
103
27

ercentage

N on-electric

Privately
generated

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

2 8 .9
2 8 .7
2 6 .6
23 .7

22.0

16.4
8 .5
3 .1
16.9
1 7 .0
14.1
12.6
10.0
7 .7
4 .1
1.7

88.2
9 5 .1
3 3 .6
3 9 .5
4 8 .2
6 0 .2
7 3 .8
8 5 .1
9 4 .1
9 7 .7

Purchased

T otal

4 9 .3
4 4 .3
4 0 .4
3 1 .7
17.3
9 .4
3 .3
1. 8
4 9 .5
4 3 .5
37 .7
2 7 .2
16.2
7 .2
1. 8

7 8 .2
7 3 .0
6 7 .0
5 5 .4
3 9 .3
2 5 .8
11.8
4 .9
6 6 .4
6 0 .5
5 1 .8
3 9 .8
2 6 .2
14.9
5 .9
2 .3

0.6

P E R C E N T O F PR IM A R Y P O W E R LO C A TED IN S O U T H E R N S T A T E S

Southern States
United States

1927
1925
1923
1919
1914
1909
1904
1899

1 2 .5
11.9
12.0
12.6
13.7
13 .8
13.0
11.7

7 .4
7 .0
6 .3
6 .7

19.3
17.4
1 7 .5
17.0
16.7
15.8
13.8
12.0

10.7
9 .8
9 .2
9 .0
9 .1
8 .0
6 .5
5 .5

12.6
11 7
11.2
10.8
1 2.9
10.6
7 .2
3 .8

e .2

6 .5
6 .2
6 .4

T a b le IX — P r o d u ctio n o f E le c tr ic P ow er b y P u b lic U tility P ow er P la n ts in T e n S o u th e r n S ta te s
(From statistics of Geological Survey)
T
Y

State

Alabama
Florida
Georgia
Kentucky
Mississippi
North Carolina
j !
i
1
i
South Carolina
Tenuessee
Virgiuia
West Virginia*
Southern States
United Stales
Southern States, per cent
of United States
i

housand

K

il o w a t t

-H

P

ours

P

ercentage

ear

1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
. 1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927
1929
1928
1927

.

Water

Fuel

T otal

1,811,299
1,649,058
1,532,730
19,205
17,311
10,193
1,062,105
905,916
616,294
296,622
285.393
109,386
0
0
0
2,373,079
1,968,482
1,137,003
1,316,197
1.264,474
732,914
691,878
706,984
569,484
337,742
314,645
. 272,428
173,108
172,653
199,768
8,081,235
7,284,916
5,180,200

18,553
45,620
334,349
650,112
619,265
571,550
73,435
75,156
93,370
418,729
339,756
456,812
56,571
50,355
45,831
176,301
256,850
949,544
141,302
134,731
383,938
328,899
249,110
359,10S
959,400
853,855
816,173
2,219,94S
1,872,137
1,847,860
5,043,250
4,496,835
5,858,535

1,829,852
1,694,678
1,867,079
669,317
636,576
581,743
1,135,540
981,072
709,664
715,351
625,149
566,198
56,571
50,355
45,831
2,549,380
2,225,332
2,086,547
1,457,499
1,399,205
1,116,852
1,020,777
956,094
928.592
1,297,142
1,168,500
1,088,601
2,393,056
2,044,790
2,047,628
13,124,485
11,781,751
11,038,735

9 8 .9 9
9 7 .3 0
82 .0 9
2 .8 7
2 .7 2
1.75
9 3 .5 3
92 .3 4
8 6 .8 4
4 1 .4 7
4 5 .6 5
19.32
0 .0 0
0 .0 0
0 .0 0
• 9 3 .0 8
8 8 .0 6
54.49
90.31
9 0 .3 7
65 .6 2
6 7 .7 8
7 3 .9 5
6 1 .3 3
2 6 .0 4
2 6 .9 3
2 5 .0 3
7 .2 3
8 .4 4
9 .7 6
61 .5 7
61 .8 3
46 .9 3

1.01
2 .7 0
17.91
9 7 .1 3
9 7 .2 8
9 8 .2 5
6 .4 7
7 .6 6
13.16
5 8 .5 3
54 .3 5
8 0 .6 8
100.00
100.00
100.00
6 .9 2
11.94
45.51
9 .6 9
9 .6 3
3 4 .3 8
3 2 .2 2
2 6 .0 6
3 8 .6 7
7 3 .9 6
7 3 .0 7
7 4 .9 7
9 2 .7 7
91 .5 6
90 .2 4
38 .4 3
38 .1 7
53.07

34,695.591
29,875,008

53,153,988
50,330,466

87,849.579
80,205,474

39! 49
37 .2 5

6Ô! 51
62.76

2 i 00
17.34

8 .4 6
11.64

13.41
13.76

worthy. Projects now planned or under construction, such
as the great Saluda Dam, will probably cause a continued
increase in the percentage of southern power developed
from water. A substantially complete map of the powertransmission lines in the Southern States is shown in Figure 7.
W a t e r - P o w e r R e s o u r c e s — The potential water-power
resources of the Southern States are indicated in Table X .
With over 4 million horsepower available 90 per cent of the
tim e and over 7 million horsepower available 50 per cent of
the time, the South offers great possibilities for further hydro
developments. Additional surveys in some of the Southern

Water

Fuel

U

er

C

ent of

T o t a l in
n it e d S t a t e s

1.93
2 .3 3
0 .7 2
0 .7 3
1.12
0 .8 8
0 .7 1
0 .7 1
0 .0 6
0 .0 6
2 .5 3
2 .6 0
1 .5 9
1.39
1 .09
1.16
1 .3 3
1 .36
2 .3 3
2 .5 5
13.41
13.76

States will undoubtedly increase these estimates. A survey
of the Tennessee River system just completed by the Corps
of Engineers has shown that the total available power greatly
exceeds previous estimates (2). In this river system there
are 141 separate power projects possible. The m ost efficient
use of the resources would call for 4,777,800 kilowatts of
hydro installations, with an additional 1,077,000 kilowatts
of fuel-fired power tied in. Development in the Tennessee
River system is expected to relieve flood conditions and
afford extensive opportunities for river transportation as well
as to supply power.
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T a b le X — P o t e n t ia l W a te r -P o w e r R eso u r c e s o f th e T e n S o u th e r n
S t a te s 0
(From 1928 estim ate of Federal Power Commission)
A v a ila b le 90 P e r C ent
o p T im e
State

Horsepower
Alabama
Florida
Georgia
K entucky
M ississippi
N orth Carolina
South Carolina
Tennessee
Virginia
W est Virginia

472,000
20,000
572,000
172,000
30,000
852,000
555,000
654,000
459,000
355,000

Southern States
U nited States

4,141,000
38,110,000

A v a ila b le 50 P e r C e n t
o p T im e

Per cent of
United
States

Horsepower

1.24
0.0 5
1.50
0.4 5
0.0 8
2.2 4
1.46
1.71
1.20
0 .9 3

1,050,000
30,000
958,000
280,000
60,000
1,160,000
860,000
882,000
812,000
980,000

1.77
0 .0 5
1.62
0 .4 7
0 .1 0
1.96
1.45
1.50
1.37
1.66

7,072,000
59,166,000

11.95

10.86 '

Per cent of
United
States

° E stim ated on the basis of an over-all efficiency of utilization of 70
per cent.

According to the figures in Table X , the Southern States
have approximately 11 per cent of the potential water power
available 90 per cent of the time and 12 per cent of that
available 50 per cent of the time. In considering these
figures it should be remembered that 69 and 66.5 per cent,
respectively, of the potential power in each of these classifica
tions is located in the western third of the United States
in the mountain and Pacific regions, and 10.5 and 8.4 per
cent, respectively, in the great industrial state of New York.
The New England States contain but 2.6 per cent of the power
available 90 per cent of the time and 3.3 per cent of that
available 50 per cent of the time. With the exception of
Florida, Mississippi, and Kentucky, the Southern States
thus appear by comparison to be well supplied with power
for future industrial needs.
In the general enthusiasm over the hydroelectric possi
bilities of the South, sight m ust not be lost of the fact that
38 per cent of the public utility power and at least as large
a percentage of the privately developed power are produced
from fuel. Furthermore, the most efficient utilization of
southern water power will always call for the use of considera
ble steam power. For example, in the survey of the Tennes
see River system mentioned above, it is indicated that more
than one-fifth of the total power should be derived from fuel.
The fuel resources of the South will accordingly remain an
important factor in power production.
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ment of oil from the Louisiana and Texas refineries. While
considerable quantities of natural gas are used in West Vir
ginia, the power developed from this fuel is almost negligible
compared to that developed from coal. With the extension
of the distribution lines for natural gas, this fuel may, how
ever, attain considerable importance in some localities. As
noted in Table X I, more than one billion cubic feet of natural
gas were used for power generation in Tennessee during
the last three months of 1929. Natural gas has previously
been utilized on a large scale for power production in Texas
and on a lesser scale in several other states, including Louisi
ana, Arkansas, Oklahoma, Kansas, California, and Ohio.
S o u r c e s o f F u e l —The South has on its borders two
great fuel-supplying regions: on the north W est Virginia
with its coal, natural gas, and petroleum; and on the south
west Texas, Louisiana, and Oklahoma with their great re
serves of petroleum, natural gas, and lignite, and Alabama
with its coal. Although coal will undoubtedly remain the
predominant fuel for some time, considerable development
may be expected in the use of natural gas, fuel oil, and lig
nite.
The coal resources of the Southern States are shown in
the map of Figure 8, which indicates the general area under
laid by high-grade seams. The Appalachian deposit of
bituminous coal runs southeast from W est Virginia across
eastern Kentucky and Tennessee into the northern half of
Alabama; the eastern region of the interior bituminous de-

T a b le X I — F u e l C o n s u m p tio n b y P u b lic U t ility P ow er P la n ts in th e
S o u th e r n S t a t e s , 1928
(From data of Geological Survey)
State

Alabama
Florida
Georgia
K entucky _
M ississippi
N orth Carolina
South Carolina
Tennessee
Virginia
W est Virginia
Southern States
U nited States
Southern States, per cent of
U nited States

C

oal

F

uel

O il

N

atural

G

as

Short tons
55,559
12,726
57,904
486,957
76,458
238,969
124,256
288,368
699,727
1,655,814

Barrels
12,271
2,003,056
56,373
4,111
46,262
4,574
0
15,163
9,421
716

1000 cu. ft.
0
0
0
15,824
0°
0
0
0°
0
187,369

3,696,738
41,350,339

2,151,947
7,157,506

203,193
77,326,408

8 .7

3 0 .1

0 .2 6

° W hile com plete data for 1929 were not available at the tim e this
table was prepared, it is known th at small am ounts of natural gas were
used for power in M ississippi, and more than one billion cubic feet were
used during the last 3 m onths of 1929 for power in Tennessee.
P o w e r f r o m F u e l —The latest complete figures available
on the consumption of fuel by southern public utilities are
those for 1928, given in Table X I. Coal is naturally the
predominant fuel. The extensive use of fuel oil in Florida
is one exception, and this is easily explicable on the basis
of the advantageous location of this state for water ship

P ow er fo r I n d u s tr ia l P u r p o se s in S o u th e r n
S t a te s a n d i n U n ite d S t a te s a s a W h ole
fr o m 1899 to 1927

posit extends from Illinois and Indiana into Kentucky;
and there are smaller isolated fields of bituminous coal in
Virginia and North Carolina. A vast area of lignite extend
ing across southern Texas into the Mississippi region con
tains scattered high-grade deposits in eastern Tennessee,
central Mississippi, and southwestern Alabama, in addition
to the better-known deposits in Texas and Louisiana.
The production of coal in the Southern States for the
years 1925 to 1928, inclusive, is shown in Table X II. This
table indicates the importance of West Virginia as a source
of fuel. In the far South Alabama’s production of slightly
less than 4 per cent of the country’s supply is, however, an
important factor in the industrial development which is
going on in this state and in Georgia. The amounts of lig
nite produced are so small that they are included in the figures
for bituminous coal. In spite of the restricted use of lignite
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at the present time, this fuel appears to have possibilities
since two power plants in Texas have operated successfully
on powdered lignite. Table X III gives the consumption
of coal by southern manufacturing establishments for 1927.
T ab le X II— P r o d u ctio n o f B itu m in o u s C oal in th e S o u th e r n S t a te s
(From statistics of D epartment of Commerce)
Y

State

1000 S

ear

17,400
19,766
21,001
20,004
63,255
69,124
62,924
55,069
5,680
5,783
5,789
5,454
12,330
12,916
14,133
12,800
132,600
145.122
143,509
122,381
231,265
252,711
247,356
215,708
492,755
517,763
573,367
520,053

1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925

Alabama

Kentucky

Tennessee

Virginia

West Virginia

Southern States

United States

h o r t T ons®

P
U

er

C

n it e d

ent of

S

tates

3 .5
3 .8
3 .7
3 .8
1 2 .8
13.4
10.9
10.6
1.2
1.1
1.0
1 .0
2 .5
2 .5
2 .5
2 .5
2 6 .9
2 8 .0
2 5 .0
2 3 .6
4 6 .9
4 8 .8
4 3 .1
4 1 .5

a Figures for 1928 are provisional estimates.
T ab le X II I — C oal C o n su m e d in M a n u fa c tu r in ô E s ta b lis h m e n ts in
th e S o u th e r n S t a te s , 1927
(From statistics of Census of Manufactures) •
S

S tate

hort

T

ons

P er C ent of
U n it e d S t a t e s

Alabama
Florida
Georgia
Kentucky _
M ississippi
N orth Carolina
South Carolina
Tennessee
Virginia
W est Virginia

8,036,554
141,771
1,277,846
2,227,436
468,743
1,359,612
841,250
2,504,531
2,489,605
5,956,798

3 .7
0 .1
0 .6
1.0
0 .2
0 .6
0 .4
1 .2
1 .2
2 .7

Southern States
United States

25,314,146
216,442,337

11.7

Y

Arkansas

K entucky

Louisiana

Oklahoma

Texas

W est Virginia

U nited States

* Barrels of 42 gallons.

ear

1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925

1000 Barrels"»'
• 32,295
40,005
58,332
77,398
7,325
6,719
6,274
6,759
21,626
22,818
23,201
20,272
249,558
277,775
179,195
126,768
256,888
217,389
166,916
144,648
5,704
6,023
5,946
5,763
900,364
901,129
770,874
763.743

T a b ic XV— P r o d u c tio n o f N a tu r a l G as fo r S a le In S o u th a n d
S o u th w e s t
(From statistics of D epartm ent of Commerce)
State

Arkansas

Kentucky

T a b le XIV— P r o d u ctio n o f C rude P e tr o le u m In S o u th a n d S o u th w e s t
(From Department of Commerce, Statistical Abstract of the U nited States,
1929)
State

The production figures for crude petroleum in the South
west and in Kentucky and West Virginia for the years 1925
to 1928, inclusive, are given in Table X IV . While the last
two states together-averaged only 1.5 per cent of the total
production over the four-year period, the four southwestern
oil states in the same period advanced from 53 to 62 per cent
of the total production of the country. Production is not
likely to decrease in this region for a relatively long period;
both the crude petroleum and the fuel oil from refining
operations must be factors in filling the fuel and power
requirements of southern industry.
Natural gas has made a prominent bid for industrial con
sideration in the South within the past few years. Trans
mission lines have been creeping out from the Oklahoma and
Louisiana fields, to St. Louis, to Memphis, to New Orleans,
and to Atlanta. The completed long-distance natural gas
lines in the Southern States are shown in the map of Figure
9. W hat will happen in the next five years is a matter of
conjecture, but further extension of the distribution systems
appears quite possible and probable.
The production of natural gas for sale in the Southwest
and in Kentucky and W est Virginia for the years 1925 to
1928, inclusive, is shown in Table X V . The increase both
in actual production and in percentage of the total produc
tion originating in Texas, Louisiana, and Oklahorna is worthy
of note, as is also the decrease shown for W est Virginia. Of
the natural gas produced during 1928, 20.5 per cent went
to domestic consumers, 43.9 per cent to field and refinery
operations, 11.2 per cent to the production of carbon black,
4.9 per cent to the generation of power by public utilities,
and 19.5 per cent to other industrial uses. The average
price of gas for industrial purposes other than field work
was 15.8 cents per thousand cubic feet in 1928 as against
16.5 cents in 1927.

P er C ent of
U n it e d S t a t e s

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

,'

Louisiana

Oklahoma

Texas

W est Virginia

United States

Y

ear

1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925
1928
1927
1926
1925

M

il l io n

cu

.

ft

.

P
U

er

C

n it e d

20,235
30,450
43,566
41,878
15,383
10,206
10,401
10,770
227,821
186,961
157,423
152,620
320,861
326,864
286,421
249,285
301,990
254,063
175,392
134,872
163,018
162,375
180,223
180,345
1,568,139
1,445,428
1,313,019
1,188.571

ent of

States

1 .3
2 .1
* 3 .3
3 .5
1 .0
0 .7
0 .8
0 .9
14.6
12.9
1 2 .0
1 2 .8
2 0 .5
2 2 .6
2 1 .8
2 1 .0
19.3
17.6
13.4
1 1 .3
1 0 .4
11.2
1 3 .7
15.2

CH EM IC A L E N G IN E E R IN G IN D U S T R IE S

The first part of this survey was concerned with southern
industry in general. The present part deals with that group
of southern industries involving to a greater or less degree
the application of chemistry and chemical engineering.
Relative Developm ent
For this survey it was desired to obtain an accurate esti
mate of the extent to. which various chemical engineering
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F ig u r e 7— E le ctric P ow er T r a n s m is s io n L in e s in t h e S o u th e r n S t a te s

industries had been developed in the Southern States, and
whether these industries showed a trend toward expansion
or retrogression. For this purpose a statistical study was
made, based on the reports of the Census of Manufactures
from 1919 to 1927, inclusive. The value of products was
used as an index, but on a relative rather than a direct basis.
The value of products of an industry in each Southern State
was expressed as the percentage of the total value of products
for the industry in the United States, for each of the six
census years. Variation in industrial activity in the country
from year to year and variation in the actual value of the
dollar were eliminated by this treatment, although the re
duction of prices in an industry to meet commodity compe
tition by another industry was not. In practically all cases
this latter factor was negligible, however.
The results of the statistical study are presented in Table
X V I, which contains the data for thirty industries. Four
of these—cotton goods, cottonseed products, lumber and

timber products, and tobacco products— are the major non
chemical industries of the South, while the others all involve
chemical control or the use of chemical engineering processes
to an appreciable degree. The total values of products for
the United States are also shown. State percentages are
shown wherever data were available in the Census of Manu
factures. Wherever the necessity for protecting individual
establishments prevented publication of statistics, the num
ber of establishments in operation in the state is indicated
in parentheses. A blank space indicates the complete ab
sence of any information in the census reports, and may
safely be taken to indicate that the industry in question was
non-existent in the state for the year specified.
In studying the data of Table X V I the general trend of a
given industry in the United States should be kept in mind
while noting the percentage values for the various states.
National total values for an industry increasing with time,
coupled with fairly constant percentages for a given state

422

IN D U S T R IA L A N D E N G IN EE RIN G C H E M IS T R Y

indicate that the state industry is keeping pace with general
development. Increasing national totals and increasing per
centages indicate relatively rapid expansion within the state
specified. For example, the production of manufactured
gas in Florida shows a remarkable expansion from 1914 to
1927, undoubtedly due to the demand created by an inflow
from the North of a population accustomed to the conven
ience of this public utility and willing to pay for it.
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are omitted from consideration, the production for the South
in the remaining twenty industries is approximately 10.5
per cent of the total for the United States. These figures
are not comparable with the much higher values quoted re
cently (1), which refer to certain specific industries well es
tablished in the South, such as the manufacture of sulfuric
acid and fertilizers, and include the great developments in
petroleum in the Southwest, a region not covered by the
present survey.
Present Opportunities

Fine ruled areas contain coal beds known to be of commercial value.
Wide ruled areas contain deposits of unknown or doubtful value. Stippling
denotes that coal is under cover.

It is impossible to attempt to summarize all the trends
indicated in Table XV I. Certain conditions and trends
are, however, very definite and of some considerable im
portance. Among these are the percentage increases in
cement production in Alabama and Tennessee; in pulp and
paper in Virginia and Tennessee; in wood distillation in
Mississippi, Tennessee, and Florida; in dyeing and finish
ing of textiles in North Carolina, and probably also in Tennes
see and Georgia; in leather tanning and finishing in North
Carolina; and in chemicals in West Virginia, Virginia, and
Tennessee. Relatively slight but definite general increases
are also apparent in the manufacture of gas, ice, dairy prod
ucts, and in the slaughtering and meat-packing industry.
One important omission necessary in Table X V I is the
rayon industry. This was classed with chemicals up until
1925, and no separate statistics for states are available for
1925 or 1927. A very large percentage of the total rayon
production comes, however, from the South, and further
development seems destined to take place almost exclusively
in this region. The production of rayon in 1927 was 80,594,000 pounds, with a value of very nearly 110 million
dollars. The 1929 figures will show a large increase from
these values, due to development in the South.
B y interpolating estimated values for states in which in
dustries are indicated, but for which no data are available,
the writer has calculated that the ten Southern States treated
in this survey supplied approximately 8 per cent of the total
United States production for 1927 in the twenty-six indus
tries listed as depending to a greater or less extent upon
chemistry and chemical engineering. Rayon has been in
cluded in this estimate. If the canning, dairy products,
slaughtering, and the three iron and steel industries listed

A t the present time there are certain changes taking place
in the South which will probably mean a slow readjustment
of the old economic foundations of the region. The center
of cotton production is moving west of the Mississippi, into
Texas and Oklahoma, where the soil is extremely fertile and
the lower rainfall causes less trouble from grass. A t the
same time there is a slow but steady inflow of farmers from
the North Central region, who see in Mississippi and Alabama
an ideal region for dairying and stock raising. There is
more than a possibility that cotton may eventually yield
place to cattle in m any parts of the South, since cattle may
be grazed satisfactorily and economically in pine forests
grown for pulp, thus making the land serve a double purpose.
Both of these agricultural movements bring with them in
dustrial consequences, since the cottonseed industry m ay be
expected to follow cotton, while the dairy and meat-packing
industries even now are beginning to invest rather strongly
in the South.
C o t t o n —To the South, the suggestion that cotton may
not maintain its importance as a textile material will un
doubtedly seem rank heresy. The writer is inclined, how
ever, to the visionary idea that cotton will, in a fairly immi
nent future, become more important as a chemical raw ma
terial and less important as a source of cotton goods. The
change will be due to rayon and to other industries, such
as the manufacture of nitrocellulose and its derivative prod
ucts, which are even now utilizing cotton linters on a large
scale. There seems to be some possibility that cotton farm
ing conducted on an intensive basis with the aid of mechani
cal cultivation and harvesting m ay be able to achieve more
real profit from cotton sold at a lower price than is realized
today with the rather low efficiency inherent in tenant farm
ing methods. Cotton sold at a lower price would become
a real competitor of wood pulp as a raw material for rayon.
It is not altogether impossible that cotton m ay y et be grown
for total -weight rather than length of fiber.
P u l p a n d P a p e r —There is another highly significant
migration to the South in progress at the present time. This
is in the pulp and paper industry. The capacity for pulp
production in the South is estimated to have increased from
382,500 tons per year in 1921 to approximately 1,000,000
tons per year in 1929. The estimated stand of timber in
the Southern States is 30 per cent of the total for the United
States; its present cost per cord is less than in any other
section of the country; and with proper practice the supply
can be made perpetual at the rate of nearly 2 cords per acre
per year, since natural reforestation proceeds at a rapid rate
and only twenty years are required to produce trees of pulpwood size. Further development of kraft pulp in the South
may therefore be expected, to supply a part of the 1200 tons
per day of this material now imported. Recent develop
ments indicate the feasibility of making bleached book and
magazine papers from southern woods, thus opening up an
avenue for diversification in the southern paper industry.
N i t r o g e n F i x a t i o n — A great development of nitrogen
fixation in the South is due in connection with the manu
facture of fertilizers. At present synthetic sodium nitrate
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I ndustry

V EAR

•
INDUSTRIES INVOLVING CHEMICAL
ENGINEERING OR CHEMICAL CONTROL:

Va l u e or
P roducts of
I nd u stries
in U nited
S tates

P erc e n ta g e of T otal V a lu es fo r U n it e d S tates
Southern
States

Ala
bama

0 .2 3
0.1 7
0 .1 6
0.0 7
(2)

637,428
677,131
565,9 *5
401,831
628,288
243,440
293,565
300,895
264,098
203,627
175,265
101,756
54.8,536
547,003
630,870
390,768
574,141
158,053

3 .7 0
2 .0 8
3.01
3 .0 5
3 .3 8
3 .2 5

1927
1925
1923
1921
1919
1914

319,908
333,730
333,416
194,329
208,423
135,921

11.58
11.71
11.04
11.24
12.38
10.46

1927
1925
1923
1921
1919
1914
Dairy products
1927
1925
1923
1921
1919
1914
D yeing and finishing textiles 1927
1925
1923
1921
1919
1914
1927
Explosives
1925
1923
1921
1919
1914
1927
Fertilizers
1925
1923
1921
1919
1914
Gas, manufactured
1927
1925
1923
1921
1919
1914
Glass
1927
1925
1923
1921
1919
1914
Ice, manufactured
1927
1925
1923
1921
1919
1914
Iron and steel, blast fur
naces
1927
1925
1923
1921
1919
1914
iron and steel, steel works
and rolling mills
1927
1925
1923
1921
1919
1914
Iron and steel, cast-iron pipe 1927
1925
1923
1921
1919
1914

382,013
378,634
516,923
221,313
316,516
99,275
1,057,545
973,518
985,351
738,440
1,066,125
364,285
406,047
432,537
342,230
276,751
323,968
109,292
72,490
69,669
75,029
59,175
92,475
41,433
100,385
206,773
183,089
180,375
281,144
153,196
516,705
455,460
450,097
411,196
329,279
220,238
282,394
295,959
309,353
213,471
261,884
123,085
184,795
186,969
164,662
15S.889
137,005
60,386

Cement

Chemicals

C lay products and non-clay
refractories

Coke, other than gas-house
coke

Georgia

K en
tucky

M issis N orth
South T ennes
sippi
Carolina Carolina
see

Vir
ginia

West
Virginia

0 .3 4
0 .2 0
0 .2 3
0 .1 3
0 .2 4
0 .2 0
2 .4 6
(4)
(3)
C2)
(2)
C2)
1.80
1.75
1.28
0 .9 7
(Ö)
C6)

0 .7 6
0 .3 3
0 .4 0
0 .4 7
0 .8 8
0 .9 2
C2)
(2)
Cl)

ICH)
0 .1 0
0 .1 0
0 .0 5
0 .1 4
(3)
Í1)

(3)

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

1.17
1.18
1.26
1 .4 0
1.34
1.21

0 .9 2
1.16
1.17
1.31
1.31
1.1 0

1.71
1.41
1.37
1.46
1.11
1.45

0 .3 9
0 .3 7
0 .4 6
C3)
0 .6 4
0 .6 1
0 .6 4
0 .5 9
0 .6 4
0 .3 2
0 .1 8
C2)
2 .1 6
(3)
C3)
(2)
(2)
C2)
(2)
(2)
C2)
(2)
C2)
C2)
2 .5 9
2 .4 3
2 .2 7
1.96
2 .4 3
2 .8 5
0 .6 5
0 .7 0
0 .6 4
0 .6 9
0 .5 5
0.71
(2)

0 .3 7
0 .5 1
1.01
0 .9 2
1.7 5
1.62
0 .2 8
0 .2 4
0 .1 7
0 .2 1
0 .1 4
0 .2 5

3 .0 0
2 .6 7
2 .7 8
1.39
2 .6 4
3 .0 0
0 .0 2
0 .0 5
0 .0 2
0 .0 2
0 .0 3
0 .0 2
(1)

Thousand
dollars

1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914

Canning, all products

Florida

3.84
3.5 3
2.4 4
2 .1 3
(2)
0 .7 8
(4)
0 .8 5
1.33
0 .5 8
(2)
(2)

2 .5 9
2 .0 8
1.9 8
1.71
1.14

52 .7 0
56.51
54.05
47 .2 9
57.66
58.50
5 .0 7
5 .1 9
4 .6 8
4 .8 7
4 .4 9
4 .5 6

1.67
1.67
1.32
1.27
1 .4 8
1.19

0.49
0 .1 2
0 .3 1
0 .1 7
0.17
0 .1 7
(1)

0.1 5
0 .1 0
0 .0 6
0 .0 8
0 .0 9
0.21

6 .6 8
7 .1 9
8 .6 2
8.. 40
7 .7 6
10.43
0 .0 8
0 .0 8
0 .0 7
0 .0 8
0 .0 9
0 .1 2
PI
(1)
(P
P
PI
(1)
(3)
(3)
(2)
(2)
(2)
(2)
4 .9 9
5.9 1
3 .8 8
2 .3 3
4 .1 3
7 .1 0
0 .2 6
0 .2 8
0 .2 6
0 .2 9
0 .5 0
0 .5 1

0 .3 5
0 .1 1
0 .2 5
0 .2 0
0 .1 3
0 .1 0
(3)
(3)
(2)
(1)
(1)
Cl)

0.81
0 .6 7
1.01
1 .2 8
1.35
0 .9 3
(1)

0 .2 0
0 .1 5
0 .2 3
0 .1 7
(3)

0 .2 0
0 .1 7
0.21
0 .0 3
(2)

1 .5 2
1.88
1.72
1.71
1.79
1 .7 6

2 .3 0
2.31
2 .2 4
2 .1 5
2 .7 3
1.62

(1)
(1)
(1)
(1)
(1)

C2)

CD

0 .1 7
0 .1 0
0 .0 9
CD

PI
a)

0 .0 4
0 .0 1
0 .0 6
0 .0 2
0 .0 5
O.OS

Cl)

CD

CD

CD

(3)
C2)
(2)
Cl)
0 .3 6
0 .3 1
0 .2 6
0 .3 6
0 .4 4
0 .3 8

1.19
1.15
1.19
1.15
1.54
1.11

C3)
1.02
1.41
1.26
0 .9 4
0 .6 6
0 .6 2
0 .6 2
0 .3 4

708,904
765,286
1,007,613
419,771
794,467
317,654

6 .9 8
7 .1 0
6.31
6 .9 0
7 .1 8
6 .3 2

2,779,840
2,946,068
3,154,325
1,481,659
2,828,902
918,665
95,089
100,388
92,674
44,322
50,235
26,659

2 .6 4
2.5 4
2 .3 8
2.7 4
2 .3 0
(6)
44 .7 9
46 .0 1
43 .3 2
34.91
37 .3 9
25 .3 3

0 .5 9
0 .5 4
0 .4 5
0 .3 5
0 .5 5
0 .4 3

Pi
(2)
C3)
C3)
0 .2 3
0 .3 8
0 .4 7
0 .5 2
0 .6 9
(4)

-

0.34
0 .2 6
0 .2 7
0 .2 8
0 .2 1
(2)
PI

CD
CD
CD

0 .1 0
0 .0 8
0 .0 8
0 .0 9
0 .0 6
0 .0 3
4 .6 8
1.97
1.21
0 .7 1
0 .3 8
0 .1 9

0 .0 2
0 .0 2
0 .0 2
(1)
1.76
2 .7 2
C4)
C3) .
C3)
(2)

CD

7 .7 8
5.87
6 .5 8
5 .4 0
3 .8 0
4 .5 7
1 .0 2
0 .9 9
0 .6 3
0.61
0 .6 0
0 .4 8
(1)

11.60
13.67
13.21
12.64
16.89
18.96
0 .9 9
0 .9 7
0 .9 6
1.02
0 .9 1
0 .9 2

(2)
C3)
0 .4 4
0 .4 2
0 .3 6
0 .5 2
0 .1 0
0 .1 3
0 .1 3
0 .1 2
0 .1 0
0 .2 7

1.47
1 .4 8
1.27
0 .6 5
1.29
1.34
0 .1 5
0 .1 4
0 .1 4
0 .1 6
0 .1 2
0 .1 3

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

6 .1 7
7 .7 2
7.11
6 .9 3
10.82
9 .0 2
0 .3 1
0 .3 2
0 .3 2
0 .3 6
0 .2 9
0 .2 3

2 .0 6
1.72
1.84
1.79
1.73
1.86

PI
CD
(1)
PI
CD
(1)
1.12
1.08
1 .4 0
1.32
1.47
1 .3 5

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

3 .1 0
3 .2 5
2 .7 1
3 .1 3
3 .2 4
3.4 2

(1)
(1)
(1)
(1)
P(
(i)

(i)
CD
CD

CD
CD

(2)
1 .4 9
1.49

CD
CD

(1)
CD

CD
CD

(1)
CD
CD

0 .6 0
- 0 .9 3
1 .2 7
1.42
C8)
1.11

2 .1 2
2 .1 3
2 .1 9
2 .3 1
2 .7 5
2 .9 2

8 .0 2
9 .3 2
9 .6 7
8 .8 3
8 .1 4
7 .4 1
0 .9 9
1 .0 3
1 .0 0
1 .0 8
0 .9 6
0 .9 8
C3)
1 .5 8
C3)
0 .1 8
0 .3 2
0 .5 6
2 .1 6
2 .0 6
2 .2 8
2 .3 3
2 .8 9
2 .9 7

15.64
16.18
16.23
16.63
16.32
11.89
0 .9 6
1 .0 6
0 .9 7
1 .0 3
1.11
1 .2 5

CD

C2)
PI
Cl)
0 .5 6
C2)

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

C2)
0 .4 9
0 .6 6
0 .3 8
1 .2 7
1 .1 9

C2)
1 .2 5
1.27
1 .4 8
0 .8 1
C2)

1.29
0 .9 8
0 .8 5
0 .4 9
0 .6 5
0 .9 9

(2)
C2)
(P
Cl)
(1)

C2)
C2)
(2)
C2)
C2)
C2)
C3)
5 .7 6
5 .4 2
C3)
C3)
C3)

3 .1 6
3 .1 4
3 .1 4
2 .6 3
3 .0 1
2 .3 1

CD

2 .2 9
2 .1 4
1.81
1.7 2
1.52
1.99

P)
(1)
(1)

C2)

(1)

22 .1 3
21.92
20 .3 4
20.41
20 .7 4
23 .5 8

0 .1 4
0 .0 5
0 .0 9
0 .1 0
0 .0 7
0 .1 4

CD
CD
CD
CD*

(1)
HI
(6)
(2)
(2)

0 .4 4
0 .3 2
0 .4 0
0 .5 1
0 .3 7
0 .5 7

1 .8 3
1.99
2 .3 5
1.93
1.96
2 .4 4

1.74
1.71
1.34
1.32
1.11
1.73

CD

PI

1

PI

CD

CD
CD
CD
CD

(1)
CD
CD

5 .9 7
6 .4 9
6 .4 0
2 .4 7
<P
C2)

(D
CD
CD
CD
CD
CD

(3)
C3)
(3)
(3)
C3)
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l u e or
roducts of

I n d u s t r ie s
i n U n it e d
States

P

Southern AlaStates
bama

ercentage o f

Florida

Georgia

T

otal

V

a lu es fo r

K en- M issistucky sippi

U

(Continued)
n it e d

States

N orth
South TennesCaroliua Carolina
see

Vir
ginia

W est
Virginia

Thousaltd
dollars

(contd.):
Lard substitutes
Leather tanning and finish
ing

Lime

Paint and varnish

Petroleum refining

Pulp and paper

S l a u g h t e r i n g and meat
packing, wholesale

Tanning materials, natural
dyestuffs, etc.

Turpentine and rosin

Wood distillation

Wood preserving

1927
1925

148,46S
110,002

1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914

494,256
462,014
488,898
383,365
928,592
367.202
41,587
50,736
47,244
31,015
33,970
18.391
519,010
470,736
404,134
274,310
340,347
145,624
2,142,648
2,376,656
1,793,700
1,727,440
1,632,533
396.361
1,138,090
971,882
907,347
667,436
788,059
332,147

1927
1925
1923
1921
1919
1914

3,057,216
3,050,286
2,585,804
2,200,942
4,246,291
1,651,965

1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914
1927
1925
1923
1921
1919
1914

35,677
34,784
35,971
28,311
53,744
20.620
39,903
42,364
35,167
23,301
53,051
20,990
27,630
25,283
29,695
9,258
32,545
9.883
184,558
91,184
71,083
47,422
33,239
21,055

1927
1925
1923
1921
1919
1914

1,567,401
1,714,368
1,901,126
1,278,221
2,125,272
676,569

1927
1925
1923

276,338
295,685
226,388
217,225
581,245
212,127

(1)
(2)
(1)

(1)

3 .6 3
3 .2 6
3 .2 9
3 .0 5
3 .3 8 2 .1 6
0 .1 9
0 .0 9
(2)
(1)
U?
(2)

(2)
(3
(2)
(2)
(2)
(3)
0 .0 3
0 .0 7
(1)
(2)
(4)
0 .0 4

9 4 .8 8

82 .8 6
88 .2 4

0 .1 8
0 .1 4
0 .1 3
0 .0 7
0 .1 4
0 .0 4

(1)
(D

(4)
(4)
0 .4 6
0 .3 6
0 .3 5
(4)
(1)
(1)
(1)
(1)

0 .9 4
0 .9 3
0 .8 3
0 .9 5
0 .9 4
1.14
(1)
(1)
(1)
(1)
(3)
0 .1 6
1.92
1.64
1.73
1.42
0 .8 2
1.04
0 .3 8
0 .4 9
0 .7 0
0 .7 4
(3)

0 .1 9
0 .1 5
0.1 9
0 .0 9
0 .11
0 .1 5
(1)
(1)
(1)
(1)
(2)
(3)
(3)
(4)
(5)
(1)

(1)
(1)
(1)

2 .3 0
2 .3 4
2 .2 2
1 .8 5
1.54
1.1 6

14.83
17.82

0 .0 7
0 .0 9
0.11
0 .1 0
0.1 3
0 .0 6

(8)
0 .2 6
0 .1 7
0 .1 5
0 .1 9
(4)

(2)
(1)
a)
u)

(2)
(2)
(2)
(2)

1 .2 3
(3)
(1)

«i
7 .2 7
7 .5 0
7 .9 9
10.90
11.10
9 .7 5
(4)
1 .4 8
1.5 2
0 .5 5
2 .4 0
(3)
3 .3 3
(2)
(2)
(2)
(2)
(1)

3 3 .5 8
33.31
3 6 .0 9
3 4 .2 6
40.17
4 5 .6 1
(4)
7 .5 0
4 ,6 1
2 .1 9
6 .1 6
(2)
(3)
4 .0 9
(2)
(2)
(2)
(3)

0 .6 0
0 .6 3
0 .6 0
0 .4 3
0.31
0 .2 5

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

(1)
(1)
3 .3 2
2 .3 9
2 .9 4
2 .3 7
1 .9 2
1.90
(21
(1)
(1)
(1)
(21
0 .5 0
(2)
(2)
(2)
(2)
(2)
(3)
0

(U

(1)

(1)
(1)
(11
(1)
a)
di
di
(u
(U
(U

17.31
12.11

CD
(1)

1 .0 2
0 .6 8
0 .8 7
1 .0 4
0 .7 2
0)
3 .1 4
2 .4 0
2 .6 8
3 .2 0
3 .2 4
1.94
0 .4 0
0.51
0 .4 8
0 .4 0
0 .4 5
0 .4 3
(1)

2 .0 8
1.91
2 .1 2
2 .4 8
2 .3 3
2 .6 8
4 .5 8
5 .0 5
5 .0 9
5 .6 5
5 .5 2
5 .4 1
0 .1 3
0 .1 9
0 .2 5
0 .1 8
0 .3 4
0 .1 3

(1)
(1)

2 .7 0
2 .0 7
2 .0 1
1.94
1 .7 3
1.66

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

(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)
(1)
(1)

(4)
(41
(3)
(3)
(3)
(3)

(2)
(2)
(11
(1)
(1)
(1)

0 .4 7
0 .4 2
0 .3 3
0.21
(2)

(31
(3)
(5)
(1)
(1)
(1)

0 .0 6
(3)
(3)
(4)
0 .0 1
(U

(4)
(4)
(6)
(3)
(41
(21

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

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

0.401
0 .4 8
0 .5 0
0.580 .4 5
0 .2 9

3 .5 8
3 .1 5
4 .0 1
4 .4 4
4 .5 5
(4)

(21
(2)

4 .2 8
7.61
9 .1 2
8 .6 0
14 .0 7
7 .4 5

9 .2 9
5 .5 3
9 .5 7
9 .6 0
17.54
8 .1 3

d>
(2)
(3)
1 .7 6

3 .5 6
3 .2 5
1.2 3
1.3 3
2 .8 4
(3)

(2)
(2)
(2)
(1)
d)
(1)
(1)
(1)
(1)
(1)
(1)
(1)

..

W
(4)
5 .7 8
(3)
(7)
(1)
2 .8 8
4 .2 0
4 .3 7
(1)
(2)
(1)

(1)
(1)
(1)
(1)
(1)
(1)
4 .7 6
2 .7 2
3 .3 5
(3)
(2)
(1)

6 .3 9
9 .4 6
9 .6 9
11.80
10.46
9.51
6.9 7
5 .6 7
1.24
(1)
(2)
(2)
5 .2 1
5 .7 8
6 .2 8
3 .1 5
3 .5 6
7 .0 2

2 .3 7

11.52
11.28
10.62
8.21
9 .0 4
8 .8 7

0 .2 4
0 .2 7
0 .2 7
0 .2 3
0.21
0 .2 9

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

19 .8 0
18.44
17.18
14.94
14.98
13.41

14.76
13.45
12.81
11.46
10.75
11.00

1.40
1 .3 8
1 .5 9
0 .8 2
1.06
0 .9 6

1.74
1.77
1 .8 9
2 .1 4
1.53
1.51

0 .3 1
0 .3 2
0 .7 0
- 0 .7 2
(2)
(2)
(2)
(21
(21
(2) ;
(1)
(l) ■

10.36
8 .0 2
(2)
(1)
(1)
(1)
1 .2 2
(2)

NO N -C H EM IC A L IN D U S T R IE S :

Cotton goods

Cottonseed products, oil,
cake, ineal

19 2 1

1919
1914
Lumber and timber prod
ucts

1927
1925
1923
1921
1919

Tobacco products

1914
1927
1925
1923
1921
1919
1914

1,214,646
1,421,162
1,494,462
902,501
1,387,471
715,310
1.163,768
1,091,001
1,044,192
1,048,490
1,012,933
490,165

55.04
51.99
49 .3 9
4 2 .2 2
4 1 .7 0
3 6 .4 5

28 .7 0
2 8 .2 8
26 .2 3
26 .5 6
30.29
29 .7 8

5 .1 6
5 .0 2
4 .5 4
4 .0 0
3 .7 5
3 .7 9
5.3 1
5 .1 4
4 .4 S
2 .5 6
5 .4 6
7 .0 6

(2)
(2)
(1)
(2)
(3)

10.13
7 .4 2
5.97
13.79
17.09
15.42

(2)
(2)
(2)
(2)
(1)
(21

10.12
8 .5 3
9 .1 0
6 .2 9
6 .7 4
8 .3 0

6 .3 7
5.91
7 .9 4
8 .1 7
8 .0 9
7 .2 0

4 .5 6
4 .4 0
4 .4 0
6 .4 0
6.6 5
7 .7 2

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

(2)
(2)
(1)
(1)
(1)
(2)

4 .4 6
4 .2 2
3 .5 3
3 .4 0
3 .9 7
2 .9 8
0 .0 1
0 .0 1
0 .0 1
0.0 1
0.0 1
0.0 4

2 .0 7
3 .0 3
3 .0 2
3 .3 0
3 .0 7
2 .4 6
3 .4 2
3.71
3.44
2 .9 0
3 .7 4
3 .9 5

2 .5 3
2 .5 8
2.01
1.74
1.93
2 .0 7
0 .0 7
0 .0 6
0 .0 9
0 .0 6
0 .0 9
0 .0 9

1.00
0 .8 9
1 .0 3
1 .4 5
1.68
1.94
2 .4 9
2 .7 8
2 .9 3
2 .7 7
2 .3 8
3 .2 9

6 .5 3
6 .7 4
6 .1 6
5 .9 6
6.31
5 .1 0

3 .1 1
2 .0 8
2 .5 5
2 .7 0
3 .9 6
4 .2 7
33 .6 9
31 .4 5
28 .3 3
24 .1 6
25 .6 5
11.80

1.99
2 .0 8
1.96
1.72
1.57
1.3 8
(6)
(5)
(6)
(5)
(6)
(11)

3 .0 2
2 .5 0
2 .3 5
2 .2 6
2 .7 7
3 .0 3
1.39
1.54
1.81
1.71
(19)
(26)

1 .5 2
1 .6 8
1 .7 0
1.74
2 .5 5
3 .2 1
12 .4 5
8 .2 7
6 .8 7
7 .3 0
7 .7 3
6 .1 4

1.87
1 .8 8
1 .9 2
2 .29
2 48
3 .3 4
(14)
(14)
0 .2 8
0 .2 5
0 40
o! 50
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is being made on a large scale in Virginia, while at least
three large concerns are said to be considering the establish
ment of nitrogen fixation or ammonia oxidation plants at
strategic southern points. Approximately 70 per cent of
the nitrogen production of the country is now being used
in the states south of Virginia and Kentucky. It would
seem that Birmingham, with its large amount of available
by-product gases, would be a logical point for developments
along this line. Kingsport, Tenn., an unusually well-planned
center of interrelated industrial development, is also men
tioned as a location for an ammonia oxidation plant, while
it has been rumored for some time that the American I. G.
would develop a large industry at Monroe, La., in the natural
gas field, involving nitrogen fixation and phosphoric acid
production, and the manufacture therefrom of concentrated
fertilizers.

E l e c t r o l y t i c C a u s t i c a n d C h l o r i n e — Another industry
which is due to develop in the South is the production of
electrolytic caustic and chlorine, based on the salt deposits
of Louisiana as a raw material and upon the increasing de
mands of the pulp and paper industry for chlorine, of the
rayon industry for caustic soda, and of the cotton-oil in
dustry for hydrogen. Disposal of the chlorine is the govern
ing factor, which indicates that electrolytic plants m ay be
expected to develop in relation with pulp mills or with chemi
cal enterprises requiring this material, such as the produc
tion of the chlorinated derivatives of diphenyl, now under
way at the Federal Phosphorus Company plant.
G l a s s —The glass industry has not developed to any
extent in the South outside of W est Virginia, where the com
bination of natural gas and adjacent raw materials has cen
tered approximately 16 per cent of the production of the
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United States. The distribution of natural gas from the
Monroe field to’ the Atlanta and Birmingham districts is
almost certain to lead to the development of a glass industry
in one of these two regions. Near Anniston, Ala., there is a
site on the Coosa River where there is a large supply of frag
ile sandstone approximately a mile and a half from the
natural-gas line and five miles from the railroad which has
some prospect of early development.
C l a y P r o d u c t s —Further growth of the clay-products
industries in the South may be expected as the result of the
availability of natural gas. It is probable that the line now
through to Atlanta will soon be extended to Macon, Ga.,
opening up a considerable territory. Excellent high-heatduty refractories are now being produced in Georgia, and
one plant manufacturing white tile is competing success
fully in northern markets.
S u l f u r i c A c i d a n d S a l t C a k e —Sulfuric acid is one in
dustrial chemical of -which there is an abundant supply in
the South, the ten states in this region having produced more
than 22 per cent of the total for the United States in 1927.
While obtained to some extent from pyrites, the production
is derived more from Texas sulfur and from the smelting of
zinc and copper ores. Of the plants in the latter classifica
tion, that of the Tennessee Copper Company at Copperhill
is particularly noteworthy, since its average output is nearly
1200 tons per day.
Louisiana salt and sulfuric acid might be used to supply
the rapidly increasing market for salt cake in the glass and
sulfate pulp industries, if an outlet could be found for the
hydrochloric acid produced. This situation is a curious
reversal of the condition that formerly existed when salt
cake was practically a waste product. At present this
former waste material is selling at S20 per ton and higher,
and there is in sight a steadily increasing demand, located
very largely in the South.

ment of a paint industry, particularly in Georgia, the signifi
cance of the Texas potash deposits, and the effect of proba
ble expansion in acetate rayon production upon chemical
industry in the South. These subjects, however, involve
even less certainty than those on which comment lias already
been made. It is evident from the brief sketches of possi
bilities that the South does not lack attractive opportunities.
The writer is inclined to believe that a survey, similar to the
present one, made in 1940 will show the definite realization
of some of these projects and of others not mentioned, and a
definite commitment of the South to industrialism in which
chemical engineering will play an important part.
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Truck gardening and fruit growing have a large but ex
tremely uncertain place in the agriculture of the Southern
States, due to the dependence upon catching the northern
market at the right moment. When the market is missed,
tons of vegetables or berries or fruit rot on the ground.
Proper coordination of production with a canning industry
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can be done until a strong group attacks the situation. At
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for produce from South Carolina on the basis of high iodine
content, while the shipment of Georgia peaches in the frozen
condition is being experimented with.
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price which will make it generally available. This field is
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resulting decrease in prices is opening up enlarged markets.
The condition is still so bad, however, that the larger in
dustrial concerns sometimes operate ice plants practically
at cost to assist in safeguarding the health of their employees.
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for large-scale production at a decreased margin of profit
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industrial growth.
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discussed, such as the low-temperature carbonization of
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Florida, the need for improved insecticides in the South,
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N orth and South Carolina— Carolina Power and L ight Company,
R aleigh, N . C.; Duke Power C om pany, Charlotte, N . C.,
South Carolina Power Company, Charleston, S. C.; L e x in g 
ton Power Company, Columbia, S. C.

om m erce:

M ost southern cities have an active Industrial D evelopment Depart
m ent in their local Chamber of Commerce.
State D

epa rtm en ts or

C

o n s e r v a t io n a n d

D

ev elopm ent

T ennessee—Tennessee Electric Power C om pany, C hattanooga;
Tennessee Eastern Electric Co., Johnson C ity; E a st T ennessee
Light and Power Company.
Virginia—Virginia Public Service Company.

:

Several of the Southern States include an active development program
as part of th e sta te governmental policy. In some cases state
departm ents of agriculture are serving in this capacity.
Po

w er

C

Additional information concerning southern power developm ents may
be secured from such concerns as W. S. Barstow and Co., Inc.,
N ew York; H enry L. D oherty and Co., N ew York; M iddle W est
U tilities Company, Chicago; Stone and W ebster Engineering
Corporation, Boston.

o m p a n ie s :

All of the large power companies operating in the South conduct in
dustrial surveys as part of their development program. A partial
list of power companies includes:
Alabam a— Alabam a Power Company, Birmingham.
Florida— Florida Power Corporation, St. Petersburg; Florida
Power and L ight Company, Miami; Florida Public Service
C om pany.
Georgia— Georgia Power Company, Atlanta; Georgia Power and
L ight C ompany; Columbus Electric and Power Company,
Columbus.
K entucky— K entucky Power and Light Company, Chicago, 111.;
K entucky U tilities Company, Louisville; Louisville Gas and
Electric Company.
M ississippi— M ississippi Power and Light Company, Jackson;
M ississippi Power Company.
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Industrial inform ation m ay be secured from th e Industrial D epart
m ents of practically all th e railroads operating in the southern
territory, or from the Southern Freight A ssociation, 101 M arietta
S t., Atlanta, Ga. Som e of the railroads m aintaining industrial
departm ents are: A tlanta, Birmingham and Coast R ailw ay,
A tlanta, Ga.; A tlantic Coast Line; Central of Georgia R ailw ay,
Savannah, Ga.; Chesapeake and Ohio Railroad, H untington,
W. Va.; Clinchfield Railroad C om pany, Erwin, T enn.; Illinois
Central System , Chicago, 111.; Louisville and N ashville Railroad;
Southern R ailw ay System , W ashington, D. C.

Some Notable Developments of Chemical Industry
in the South1
Lemuel M. Aycock
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IX TY -FIV E years have passed since the signing of
the terms of peace at Appomatox in April, 18G5. At
the close of the war the South found its man power
crippled, its chief cities in ashes, its lands wasted, and its
finances exhausted. The future was indeed very gloomy,
for about all that were left were its vast natural resources
and there were no apparent means for their development.
This, then, was the setting from which the New South had
to grow.
This glimpse into history is to serve as a background from
which to project some of the more notable achievements
of the New South, to show how some of these resources
are.being developed, and at the same time to indicate certain
of its potentialities that will make sure its position in the
industry of the nation. This article will be devoted to
describing briefly some of the major industrial developments
that have taken place in the Southern States during the past
thirty-five years—with emphasis on eventful activities of the
ten-year period that has just closed.

S

C otton Textiles
Some thirty-five to forty years ago an infant industry
took root in this part of the country. It located here be
cause of the then cheap labor and because this section was the
main source of its raw material. This industry has steadily
grown, until today the South has become the textile center of
the United States. Today 52 per cent of the spindles of the
country are in southern mills, and here is manufactured 62
per cent of the cotton goods produced in the United States.
Other textile activities that are being engaged in at present
are weaving, finishing, dyeing, and printing, together with
the manufacture of knit goods, silk goods, rayons, and textile
specialties. A t present there are over 1825 textile plants
in this part of the country, representing a total investment
of something like one billion dollars. It can be seen from
1 R eceived March 5, 1930.
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this then that the South is the chief consumer of its own
greatest and best known crop— cotton.
Rayon
The coming of the rayon industry has given an added
impetus to textile development, and it is now an outstanding
feature of this industry. Some of the factors that influenced
its coming south are: raw materials, efficient labor, a gener
ally mild climate, relatively cheap factory sites, low industrial
taxation, reasonable power, and a plentiful supply of water
that is well suited for rayon manufacture. Every phase of
the rayon industry is represented in the South, including
the nitro, viscose, cellulose acetate, and cuprammonium
processes.
Cottonseed Hulls
An interesting side light comes to mind at this point. It
is a process for the removal of cotton fiber from delintered
hulls. The mechanical equipment required for this operation
was developed by Thomas W. Kidd, of the Farmers and
Ginners Cotton Oil Company, Birmingham, Ala. The
machine consists of a rotary cylinder fitted with rows of
staggered studs that have been ground flat on the ends.
The cylinder is partly enclosed in a screen, a sufficient
opening being left for putting in the hulls, and as the hulls
pass through the machine all the fibrous material is removed
from their surfaces, thus separating it from the bran. The
cylinder has a slight vacuum that serves to carry off the
linters into a suitable receiver to be baled and shipped to
the rayon mills, where it is used in the production of either
acetate or viscose silk. The bran will find a possible use in
the production of xylose.
R osin and T urpentine
Another industry in which the South is the acknowledged
leader is that of naval stores. The states of Alabama,
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Florida, Georgia, Louisiana, Mississippi, and South Carolina
supply the bulk of this output.
Within the past ten years great improvements have been
made in this industry. The old destructive method of
collecting the rosin from the trees has been abandoned, and
a new and more satisfactory one substituted. A process
has been worked out for the extraction of turpentine, pine
oil, and rosin from old stumps and dead trees. This process,
briefly described, consists of hogging the wood to form chips,
and then pulverizing the chips in a hammer mill. The
pulverized chip is fed into extractors where it is distilled
with live steam. This operation is continued 3 to 4 hours,
during which time practically all of the turpentine and about
half of the pine oil are distilled off. The distillate is then
fractionated to obtain commercial spirits of turpentine
and pine oil. The woody fibers left behind in the extractor
are next treated with gasoline or some other petroleum solvent
to remove the rosin. The solvent is then distilled off and
recovered while the rosin remains as a residue.
A more recent development in this industry has been the
perfection of a steam still by the Bureau of Chemistry and
Soils to take the place of the old-style fired still. This new
still has already been tried out in a number of turpentine
plants, and the reports received indicate that it makes
higher grades of both turpentine and rosin possible.
A wide-awake turpentine producer in Georgia has devised
a plan of reforesting his turpentine lands, so that he will
have a crop of new trees ready to yield rosin as his old ones
have to be cut down. He is carrying this work of reforestation
along with his -work of production.
In connection with the South’s naval stores industry the
following comments taken from an address delivered by
Charles H. Herty before the Savannah Chamber of Commerce

are highly appropriate. It might be stated here that this
industry is greatly indebted to Doctor Herty for a consider
able part of the advancement it has made during the past
fifteen to twenty years. Doctor Herty’s remarks are:
I think it is rather a reflection upon our chemical manu
facturers that some of the very turpentine which we produce
here in South Georgia should have to find its way to Europe,
there to be manufactured into synthetic camphor and sent back
into this country for commercial uses, such as celluloid manu
facture, etc. In other words, down here we sell the raw product,
which may bring 49 cents per gallon, or about 7 cents per pound,
but allow the consumer to buy back from abroad a material
worth about 35 cents per pound. There is food for thought in
that. Why should we not have that industry here in our own
midst, utilizing our own materials and employing our own
people?* * * We must think of naval stores in the chemical
sense, because as we go on we are going to find that the appli
cation of more chemistry to naval stores problems is going
to open up more lines of wealth to this section of the country.
A Wood D istillation R efinem ent
Another subject that follows logically at this tim e is the
direct production of acetic acid from crude pyroligneous
acid by absorption or extraction. Such a process is now in
operation at Memphis, Tenn. The acetic acid vapors
are passed upwards through a copper column at the same time
that the solvent or absorbing medium is flowing downwards.
The tarry oils from the wood-distillation process, boiling
above 200° C., are used for this purpose. The acetic acid is
removed from the wood oils by fractional distillation and the
oils are returned to the process. An acid of fairly high
concentration is obtainable by this method. Wrigley,
Tenn., is the seat of one of the m ost modern wood-distillation
plants in the world. It produces a complete group of wood
chemical products.
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Fiber Board from Lumber Waste

confined largely to Florida, but it is now being developed in
Here is a product that is formed by the utilization of waste Louisiana and Texas. .T he first commercial plantings are
wood from sawmill yards, that was worked out by William now bearing nuts, and crushing plants are being constructed
H. Mason and is now being manufactured at Laurel, Miss., for the purpose of breaking the nuts into small pieces, so that
and sold under the name of “Masonite.” It is being em the oils can be expressed. The quality of the American oil
ployed as a building and insulating material, and for card- is far superior to that imported from China. The Chinese
table tops
and radio cabinets.The plant
producingstill
this produce their oils by antiquated methods, and are rather
careless
about the handling of the nuts after they have
board now
has a capacity of about2,500,000
squarefeet
per
been
gathered.
This careless handling leads to the production
month.
of an oil much darker than the American and also to one that
Fiber Board from Sugar-Cane Waste
is higher in fatty acids. The Chinese at best get only a
20 per cent yield of oil, while the Florida operators get an
The subject of waste utilization recalls the work that has
average of 34 per cent. It can be very readily seen, then,
been done on bagasse, the spent sugar-cane stalk after the
that the competition from Chinese products is becoming
juices have been expressed. The Celotex Company has
of decreasing importance to the American market. The
erected a plant near N ew Orleans at a cost of something
residue from tung-oil manufacture contains ammonia,
like 86,000,000 for the purpose of converting this material
potash, and phosphates, and is now being utilized as a*ferinto a pressed board. The bagasse must be shredded, cooked,
tilizer.
washed, and ground. This changes it into a fiber pulp that
Petroleum
is converted into a board, which is then dried and cut into
proper lengths and marketed as a heat-insulating material
Among the greatest of the chemical investors in the South
for buildings and also for use in the construction of refrigerator are the oil companies. One of these big companies is on the
cars.
threshold of a new development in petroleum production.
Pulp and Paper
It now seems that the Southern States are going to become
prominent in paper production in the years that are just
ahead. The Forest Products Laboratory, of Madison, Wis.,
has worked out a modified sulfate process that will make
possible the production of a strong white pulp from yellow
pine. This fact is of great industrial significance, for it
promises a paper from southern pine that will compete
with that
coming
from the highest
grade pulp woods
of the North.
Other important
factors in this con
nection are th e
la r g e timber re
serves of the South
and the reasonably
r a p id growth of
p in e f o r e s t s —
within 15 to 20
y e a r s a tr e e is
ready for the pulp
mill, while in 30
years it is ready
for the saw mill.
A t present the
chief paper prod
uct of the South
ern S t a t e s is a
V iew o f E lectric F u rn a ce s fo r P h o sp h o r ic
k r a ft or b ro w n
wrapping p a p e r,
but there is a mill located at Kingston, Tenn., that produces
a grade of paper suitable for book manufacture. This mill
supplies the paper for what is said to be the largest book
printing and binding establishment in the world. During
1929 this plant turned out ninety-four railroad cars full of
books, which is equivalent to 1,750,000 stitched books Other
pulp and paper mills are located in Alabama, North Carolina,
South Carolina, Louisiana, and Mississippi.
Tung Oil
An industry to which the South can point with pride is
that of tung or China wood oil production. This industry is

For years costly research has been in progress for the purpose
of finding a way to hydrogenate crude petroleum so that it
could be made to yield a gasoline of good quality. Now
this research work has commenced to bear fruit, and is to
take form in three plants, two of which are to be located in
the South, one at Baton Rouge, La., and the other at Baytown,
Tex. This process adds hydrogen to crude oil or “ends”
to form a high-grade gasoline and other light petroleum
bodies. It is understood that by this process a barrel of
cru d e petroleum
can be made to
yield a barrel of
high-quality gaso
line.
Natural Gas
Going hand in
h a n d w ith th e
petroleum indus
try is that of natura1 gas.
The
Monroe and Richla n d f i e l d s in .
n o r th e r n Louisi
ana are the great
est gas reserves in
the world. A 450mile pipe line lead
ing from this sec
tion to t h e S t .
Louis District has
A c id P r o d u c tio n , S w a n n C o r p o r a tio n
already been com
pleted.
I t w ill
also be used to supply certain wayside communities in Louisi
ana, Arkansas, and Missouri. Another gas line has just been
completed that leads from the same area, and it will supply
Birmingham, Atlanta, and the adjacent towns and districts.
The carbon-black industry of the United States has its
center in the Louisiana gas fields. The Monroe field alone
furnishes 75 to 100 million pounds per year.
Anhydrous A lu m in u m Chloride
No more brilliant achievem ent has been recorded in the
pages of industrial chemistry within the last ten years than
the development of a process for the preparation of anhydrous
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a lu m in u m chloride by the Gulf Refining Company, Port
Arthur, Tex. Research work on this process was begun
in 1915 and it required something like two years and an
expenditure of one million dollars before the production
costs could be brought to a reasonable figure.
Briefly, this process consists of calcining crude bauxite to
drive out the moisture, adding three parts of a good grade
of coking coal for every part of bauxite and pulverizing,
then briquetting the mixture with wax tailings or melted

P r e c ip ita to rs a n d A g ita to r for P h o sp h o r ic A cid P r o d u ctio n ,
S w a n n C o rp o ra tio n

asphalt as a binder, heating the briquets until all volatile
matter has been driven off, and finally of chlorinating the
briquets at 875-1000° C. The Gulf Refining Company has
lately announced that the briquetting step is to be eliminated
from the process, that refinery coke will be used instead of
coal, that certain improvements with respect to chlorinating
are to be put in practice, and that the conditions of the entire
operation are to be made better. In 1913 aluminum chloride
sold for S1.50 a pound; it is now being made at Port Arthur
at the rate of 75,000 pounds a day for 5 cents a pound in
carload lots. Indications are that the price will be still
lower as the process is further improved.
Cheap aluminum chloride is an important commercial
factor in that it makes possible by its catalytic action the
low-temperature cracking of hydrocarbons and also the
large-scale production of the anthraquinone dye intermediates
by means of the Friedel-Crafts reaction.
Fertilizer Industry
The status of the fertilizer industry has not changed
greatly within the past forty to forty-five years. Possibly
the concentration of the fertilizing constituents of mixed
fertilizers has been increased, but apparently few seem to be
devoting much study to the possibilities of a concentrated
fertilizer—one that will eliminate the unnecessary filler
on which the farmer is now paying freight. And this in
one of the greatest fertilizer-consuming centers of the world!
1 his subject of concentrated fertilizers is being given con
siderable thought by European fertilizer chemists. A process
to which they are now giving attention consists of treating
phosphate rock with nitric acid in the presence of potassium
sulfate. The nitric acid acts upon the tricalcium phosphate,
forming phosphoric acid, calcium sulfate, and potassium
nitrate. The calcium sulfate is immediately eliminated
as a precipitate, and the solution containing the potassium
nitrate and the phosphoric acid is treated with ammonia,

thus giving potassium nitrate and ammonium phosphate.
These salts may be separated or worked up into a highly
concentrated fertilizer. The calcium sulfate can next be
converted into ammonium sulfate and calcium carbonate
by means of carbon dioxide and ammonia, and the calcium
carbonate in turn can be treated with nitric acid to form
calcium nitrate, and the carbon dioxide can be returned to the
process. This work is merely mentioned here to show what
foreign fertilizer people are thinking about, and to hazard
a guess that our industry might do well to follow their
example.
The South has been .and will continue to be the chief
consumer as well as the chief manufacturer of mixed fer
tilizers in the United States. Of the 791 plants in operation
in the country today over 500 are located in the Southern
States. In 1928 the Southeastern States alone consumed
5 million tons of mixed fertilizers. Assuming for an average
figure that this was an 8 -4 -4 fertilizer, this represented an
actual tonnage of 800,000 tons of plant food. Out of the
5 million tons the farmer obtained only 800,000 tons, or 16
per cent, of useful material. He had to buy, pay handling
charges, and freight on 4,200,000 tons of ballast or filler.
In other words, 84 per cent of his fertilizer was valueless to
him.
There are today available for import concentrated fer
tilizers that range from 32 to 78 per cent actual plant food.
Each of these contains two or more fertilizer constituents.
The South produces first-hand all of its fertilizer materials
except potash. Phosphate rock comes chiefly from Florida
and Tennessee, and ammonia is now being manufactured
synthetically from the air. In this respect it is worth while
noting that the by-product coke-oven gas from the Bir
mingham District could be utilized in the production of 1000
tons of fixed nitrogen per day, or 350,000 tons per year.
This operation could be carried out without affecting the
rest of the coke-oven gas service. A plant producing this
quantity of fixed nitrogen in this section by such a process
would increase the value of the coal coked in the Birmingham
District by 825,000,000 a year. A t the present tim e there
are in the world something like thirty plants producing
ammonia by processes that are m ost economically adapted
to the unusual conditions obtaining in the Birmingham
District.
Rubber
A noteworthy chemical undertaking that has m et with
remarkable success has been the establishment of the rubber
industry in the South by the Goodyear Tire and Rubber
Company. In February, 1929, ground was broken at Gadsden,
Ala., for the erection of an automobile tire factory. Four
months and nineteen days later an initial shipment of one
carload of tires was made. There is now operating in con
nection with this tire plant a rubber-reclaiming plant that
lias a capacity of 50,000 pounds per day.
Electric Power
One of the greatest factors in the industrial development
of the South has been its enormous hydroelectric power.
Within recent years one-half of the gain in installed hydro
electric plant capacity in the United States has been in the
Southern States. Within twenty years the South has more
than trebled its developed water power, while the best that
the remainder of the country has been able to do is to double
its water power. This vast amount of water power is backed
up by abundant deposits of coal, lignite, and natural gas,
which makes it possible to produce fairly cheap electrical
power from supplementary steamplants. The nine leading
states in developed hydroelectric horsepower are, in their
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order: California, N ew York, Washington, Alabama, North
Carolina, South Carolina, Maine, Wisconsin, and Georgia.
Their total horsepower is 7,821,482, and of this total 2,328,122
is developed in Alabama, North Carolina, South Carolina,
and Georgia. These four states, then, develop roughly
30 per cent of this total horsepower.
The total potential water power available in the Southern
States in 1924 was 3,810,000 horsepower. These figures
are for 90 per cent of the operating tune.
Phosphoric Acid
Almost one year ago there was put in operation by the
Victor Chemical Works near Nashville, Tenn., a blast-furnace
process for the production of orthophosphoric acid. At
present there is at least one other plant under construction
in the South that will employ this method.
The electrothermal development of this compound has
been of great interest to chemists and chemical engineers.
It is one of the m any products now coming from the Swann
Corporation’s plant at Anniston, Ala. This particular
electrothermal or electric smelting process, producing di
rectly a highly concentrated and fairly pure acid, was the
first of its kind to be worked out on a commercial basis.
Up to the tim e of its establishment, many attempts had
been made to produce phosphoric acid in this manner, but
none of them were successful from either a technical or a
commercial standpoint.
An important by-product from the phosphoric acid fur
naces is a 24 to 26 per cent ferrophosphorus.
B y virtue of its quality and its cost the larger portion of
the food and chemical grades of phosphoric acid consumed
in the United States during the past decade has come out of
this plant. A larger plant located in southern France is now
operating with this process under a license from and with the
technical advice of this company. The French product
is used largely in the production of soluble concentrated
fertilizer chemicals.
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and characteristics of abrasive grains have been developed
at Anniston to meet the exacting requirements of the con
suming industries.
Textile C hem icals
Another instance of this plant’s diversification is its entry
into the field of textile chemicals. With the greater part of
the textile industry situated in the South, and with the main
source of their chemical supply located in the North, this
movement seemed opportune. As a result of this step a
series of special oils for rayon processing has been developed,
a new wetting agent of promise has been synthesized, and a
textile service laboratory is in process of establishment.
Diphenyl
The most interesting part of the story now comes—a
story that records a chemical achievement, that proves the
worth of properly conducted research, and that has added a
chapter to the already brilliant history of organic chemistry.
During the latter part of 1927 an urgent demand arose for a
stable heat-transfer medium for use in a distillation process
for the preparation of lubricating oil. It was found that an
organic compound— diphenyl—was the best suited material
for this purpose, but it was known only in the chemical
laboratory, and as a rare organic chemical. It is true that it
could be bought, but at a price of S40 per pound. To meet
this demand an intensive research program was immediately
begun and a careful study made of diphenyl reactions and
conditions. Three months after this work was begun a
full-sized pilot plant based upon the laboratory research work
was constructed and placed in operation. Less than two
m onths after operation of this plant had commenced, an
order for a carload of diphenyl was filled at a charge to the

P hosphate Compounds
Practically all of the phosphate salts for which there is a
market are produced with phosphoric acid as a starting
point at the Anniston plant. These include the meta, pyro,
and ortho forms. An exceptional grade of monocalcium
phosphate, physically and chemically, is now being prepared
by a spray drying process. This process is a development
of the research department at Anniston. A novel and eco
nomical process for the production of diammonium phos
phate has also been worked out on a large commercial scale
by this staff.
Concentrated Plant Food
Another product of the Anniston research staff is a com
pletely soluble and balanced fertilizer that stands well up
among those of highest concentration on the market today.
It contains 17 per cent nitrogen, 33 per cent P 2O5, and 17
per cent K 2O, thus giving a total of 67 per cent plant food.
The remaining 33 per cent consists of oxygen and hydrogen
that are necessary to hold the constituents in chemical com
bination. No sulfates, chlorides, or other ballast are used.
A lum inous Oxide Abrasives
Considerable research and development work was required
in order to establish this industry in the South. Furnace
operations and control had to be standardized. Grinding,
screening, and sizing methods had to be carefully studied
from the standpoint of the shape and quality of the abrasive
grain. All of these problems have been successfully met,
and as a result a higher market standard exists today for
abrasive grains than ever before. A number of new forms
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customer of 40 cents a pound—exactly 1 per cent of the former
market price. A larger diphenyl plant is now in operation,
producing this compound to serve the needs of the original
purpose, and to meet a greater demand for this substance in
the form of diphenyl derivatives.
Diphenyl, when pure, crystallizes in glistening white
plate-like crystals. It melts at 69.0° C., and has a boiling
point of 254.9° C. The pure compound has a very faint
odor. Technical diphenyl is light yellow and has a rather
appreciable aromatic odor. It has a m elting point of ap
proximately 68.6° C. and boils at 255.6° C.
D iphenyl Derivatives
When it had been proved that diphenyl could be produced
at a low cost, attention was turned to its derivatives and
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their possible applications in industry. To learn some
thing of these possibilities, a number of leading chemists
and chemical manufacturers in the United States were asked
for opinions. From the information gathered by this survey
a broad research and development program was outlined
and followed out. At the close of the year just past, fortysix different diphenyl derivatives and products together had
been developed. Of this number those that have attracted
the most widespread attention have been the Aroclors,
products that are produced from the chlorinated derivatives
of diphenyl.
The Aroclors are made up of two series.- The first com
prises a group of water-white to light yellow mobile oils of
high boiling points, and a group of both crystalline and non
crystalline solids that are transparent and amber-colored.
The non-crystalline materials are resinous in character.
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hull bran. This work has been carried out in conjunction
with the Bureau of Standards, the University of Alabama,
and the Alabama Polytechnic Institute by means of the plant
facilities, equipment, and cooperation of the Swann Corpora
tion.
An Example of C hem ical Diversity
The preceding description of the Swann Corporation,
its products and processes, illustrates a unique chemical
industry that has very recently grown up in the South.
It is unique in that it gives to the world of chemistry electricfurnace products; heavy inorganic chemicals, a n d . organic
chemicals of both technical and c. p . grades—all from a single
plant. It is unique in that it is the pioneer in the electric
smelting of phosphate ore to give phosphoric acid— unique
in that this today is a major industry of the world, yet barely
ten years old.
Organization of Swann Research, Incorporated

In te r io r V iew o f D e v e lo p m e n t B u ild in g , S w a n n C o r p o r a tio n ,
S h o w in g S e c tio n of X y lo se P la n t

The second series of Aroclors is composed of black oils of
varying properties, black-brown resins or gums, and gray
crystalline solids. The Aroclor resins and viscous oils do
not support combustion, they are freely soluble in the com
mon organic solvents, and they undergo no condensation
or hardening upon repeated heating. The vaporization loss
of the resins is low, and the refractive indices of the Aroclors
are above 1.612. They are decidedly non-drying, and the
waxes and resins have pronounced adhesive properties. These
last-named materials have almost no odor or taste at or
dinary temperatures, while the oils have a faint aromatic
odor. The Aroclors have no apparent toxic or vesicant ac
tion, but their concentrated vapors have an irritating effect
upon the mucous membranes of the nose and throat. The
Aroclors as a group are stable to long heating at 150° C. and
to boiling in a 10 per cent caustic soda solution. The oils
distil at atmospheric pressure without appreciable decom
position, and the resins can be distilled under reduced
pressure.
Other interesting derivatives that the research department
has prepared are 2-chlorodiphenyl, 4-chlorodiphenyl, 4,4'dichlorodiphenyl,
4-hydroxydiphenyl,
4,4'-dihydroxydiphenyl, 2-aminodiphenyl, 4-aminodiphenyl, 2-nitrodiphenyl,
4-nitrodiphenyl, 4,4'-nitrochlorodiphenyl, 4-nitrodiphenyl4 '-sulfonic acid, diphenyl-4-sulfonic acid, and diphenyl4,4'-disulfonic acid.
Xylose
Another interesting piece of work that has taken place at
A nniston within the past twelve months is the development
of a method for the manufacture of xylose from cottonseed

N o thinking man will today deny the value of research
work, although at times its results may appear rather in
tangible. The accomplishments of any research staff depend
largely upon its personnel and direction, and the company’s
attitude toward it. N o research organization will function
cooperatively and with the maximum degree of efficiency
if an attem pt is made to operate it after the manner of a plant
or on a mass production basis. The self-imagined highly
efficient and hard-boiled superintendent type who holds
his place just because he can manage plant labor has no place
in a research department. In such a position he would be a
destructive force.
Research work is creative work. It requires individuality
to a high degree, resoucefulness, mature judgment, and clear
thinking. When these factors are appreciated, research
will bring rich rewards to any industry and the costs will
take care of themselves.
W ith such principles as these as a foundation the Swann
Corporation has set up a unique system for the conduct
of its research organization. All of its research activities
have been unified and brought under the direction of a
separate corporate body— Swann Research, Incorporated—
that has for its sole function the study and solution of prob
lems arising in any one of the several companies, and of
developing and assigning processes to one of the operating
companies on a royalty basis. All such factors as research
programs, expenditures, and organization are subject to the
action of this body’s own board of directors. Such an
arrangement as is described here will enable the maintenanceof a proper outlook on the research projects that are under
way, and will afford a means of studying the research ob
jective with a view to profits. Since the research organiza
tion develops all projects on a royalty basis, it will eventually
have sufficient funds to maintain itself independently of theassociated companies.
Swann Research, Incorporated, is divided into threeseparately directed divisions that function cooperatively—
the Chemical Research Department, the DevelopmentDepartment, and the Commercial Research Department.
The function of the first department is the study of the
scientific and fundamental aspects of all problems. It
investigates possible adaptations and new uses. It improves
processes of production, and works out the necessary data
on which to base pilot plant and semi-plant scale operations.
As soon as the Chemical Research Department has de
veloped a problem to the point where it is ready for the pilot
plant or for the semi-plant scale operation stage, it is turned
over to the Development Department. This department,
takes up the problem at this point and works out the engineer-
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ing details, plans and constructs the necessary equipment,
handles all electrical and mechanical features, and studies
any operating difficulties that may arise—in short, the
Developm ent Department carries the problem through the
difficulties of semi-plant scale operation to the point where
it can be turned over to the Operating Department for actual
operation on a full plant scale basis.
The Commercial Research Department is in many respects
a technical sales department; it introduces and exploits
new products and sees the new product safely through that
period when it is no more than a marketable possibility.
It makes market surveys, production studies, and investi
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gates locations for new plants. It reports on the advisa
bility of acquiring new processes or entering new manu
facturing fields. The maintenance of a patent file, patent
literature searches, and an oversight of the general business
and economic situation are also duties of this department.
The Commercial Research Department is similar to a foreign
relations department.
This brief record of achievement serves as an index to the
attitude of the South toward industrial growth, and the era
under discussion here marks the evolution and building
anew of industry in this section. The New South has for its
watchword— Progress.

Pressure-Synthesis Operations of the Du P ont
Ammonia C orporation1
HORTLY after the World War the Ordnance Depart Ammonia Company and the Pacific Nitrogen Corporation in
m ent of the Army estimated that the maximum military addition to its own marketing facilities.
consumption of nitrogen in time of war would be 12,000
Coincident with these various organization developments
tons per month, or approximately 500 tons of ammonia per there has been carried out a vigorous program of technical
day. Ten years later, in 1930, this country has two major development in the field of ammonia synthesis and alcohol
synthetic ammonia works, with production capacity in excess ■synthesis. As a result the Du Pont Ammonia Corporation
of this military requirement. One of these plants, that of process has decidedly new and advantageous features and
the D u Pont Ammonia Corporation at Belle, W. Va., is represents a radical departure from the original Claude proc
particularly well located for national defense purposes, since ess.
it is far inland. In the future it is expected that the demand
Layout of Belle Works
for cheap fertilizer nitrogen will further stimulate investment
of large sums in extensions to these plants, with the result
The accompanying illustrations indicate fairly well the
that the supposed need for government-owned nitrogen magnitude of present operations at the Belle works. Figure
works will remain but a political ghost.
1 is a general view of the Kanawha Valley at Belle, which is
about ten miles up stream from Charleston on the Kanawha
D evelopm ent of Organization
River. The D u Pont Ammonia Corporation property occu
Organized originally to provide ammonia for use in nitric pies the central part of the illustration. The coal-handling
acid manufacture within the parent company (E. I. du Pont equipment, which is designed to receive barge shipments of
de Nemours & Co.), the Du Pont Ammonia Corporation is, coal, is distinguishable on the river bank. Proceeding from
in addition to satisfying this demand, now marketing large left to right in the group of factory structures are the moun
quantities of ammonia to the refrigeration, explosives, fertil tain power-recovery system, coke storage, works office build
izer, and various other industries. The original plant capacity ing, machine shop, experimental gas holder, coke-handling
of 25 tons anhydrous ammonia per day has been increased equipment, compressor and synthesis house, water-gas gener
many fold. Furthermore, methanol, which was produced at ator house, steam plant, gas holders, coal-handling equip
first only in small quantity as part of the gas-purification ment, another compressor and synthesis house, alcohol stor
process, has now become a distinct and major part of manu age, alcohol purification, and experimental synthesis plant.
Farther to the right are the buildings of the Belle Alkali
facture at Belle. Additional operations comprise sodium
formate and aqua ammonia manufacture, both of which are Works. In the foreground are the tracks of the Chesapeake
& Ohio Railroad and on the far side of the ammonia plant are
logical subsidiary operations.
In its brief existence the company has made connections the tracks of the New York Central Railroad. The Kanawha
and has experienced developments of considerable funda River, a navigable tributary to the Ohio River, is plainly
mental importance. Starting originally with a synthesis distinguishable in the middle distance.

S

process based upon the designs and experience of L’Air
Liquide, which developed the well-known Claude process,
the company subsequently acquired exclusive American
rights to the Casale ammonia process. This occurred at the
time the assets of the defunct Niagara Ammonia Company
were purchased.
Through arrangements effected by the parent du Pont
organization, the Du Pont Ammonia Corporation acquired
the National Ammonia Company, a long-established and wellknown manufacturer and distributor of anhydrous ammonia,
aqua ammonia, and ammonium carbonate, together with its
subsidiary, the Pacific Nitrogen Corporation, of Seattle,
Wash. Thus the D u Pont Ammonia Corporation now com
prises ammonia-synthesis works in Belle, W. Va., and Seattle,
Wash., and the marketing organizations of the National
1 R eceived April 2, 1930.

W ater-Gas Generators and Compressors
Figure 2 shows the water-gas generator house. The gener
ators have a total capacity of about 70 million feet of blue
water gas per day. The coke used in the generators is ob
tained from near-by beehive ovens. Beginning next autumn,
coke will be obtained from by-product ovens which are now
being installed alongside the water-gas plant by the Du Pont
Ammonia Corporation. Coal will be delivered from the
mines by barge. The coke-oven gas will not be used in
hydrogen manufacture, but instead will be burned under
boilers. Recently various writers in the technical press have
advocated the use of surplus coke-oven gas for ammonia syn
thesis. Du Pont Ammonia Corporation experience shows
that manufacture from coke water gas provides far cheaper
hydrogen than can be obtained from coke-oven gas, even
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F ig u r e 1— K a n a w h a V a lle y a t B elle, W . V a., S h o w in g

with ovens only a hundred yards distant and no alternative
use for the coke-oven gas except as fuel.
Figure 3 shows some of the gas compressors which are used
in the process to attain a gas pressure of approximately 25
atmospheres. Three of the hypcrcompressors w’hich are

The charged water from the scrubbers is forced to the spray
tower (the pressure in the scrubbers being about 25 atmos
pheres) where the dissolved gas is released to the atmosphere.
The regenerated scrubbing water is then returned to pumps
which deliver it to the scrubbers. About 60 per cent of the
power used in the scrubbers will be recovered, at a lower
investment than for Pelton wheels.
The engineering problems of the mountain recovery system
were unusually difficult. Much of the material was hoisted by
cable railway to a height of 700 feet. Since the slope of the
mountain side is roughly 45 degrees, special anchorage for the
pipes was provided.
Tank Cars
Figure 6 shows the filling station for anhydrous ammonia
tank cars, each tank having a capacity of 10,000 gallons of
anhydrous ammonia, or approximately 25 tons.

F ig u re 2—W a te r -G a s G en era to r H ou se

used to attain a pressure of approximately 1000 atmospheres
are shown in Figure 4. There are three stages of compression.
The intake of the first stage is about 25 atmospheres, of the
second stage 85 atmospheres, and of the third stage 320 atmos
pheres. The final pressure is approximately 1000 atmos
pheres.
Power-Recovery System
Figure 5 illustrates part of the mountain power-recoverv
system, which was constructed to recover water as well as
to decrease the power expended in the gas-scrubbing opera
tions at 25 atmospheres pressure. Heretofore, power re
covery in connection with such scrubbing operations has
been accomplished by means of Pelton water wheels. At
Belle, however, a near-by mountain of suitable height was
used to support the spray tower for water recovery. This is
believed to be a novel job of engineering. There are two
piping systems, one to serve each of the synthesis buildings.

F ig u r e 3 —G a s-G o m p re sso r H o u se

The cars are filled from storage, which has a total capacity
of 6 million pounds of anhydrous ammonia. It is common
practice to store ammonia as liquor, or in the form of fertilizer
salts, but at Belle anhydrous ammonia as made is stored in
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steel tanks each holding 100 tons, at storage temperature
(about 10° F.). The tanks are housed in an insulated build
ing, which resembles a huge refrigerator. Heavy-walled
storage tanks are not needed, since the ammonia pressure
is maintained at 25 pounds gage, at which pressure the
boil-off is vented. The boil-off is continuously compressed
and condensed and is returned to the anhydrous storage tanks.
The Du Pont Ammonia Corporation owns a fleet of 165
special Class V tank cars for anhydrous ammonia service and,
in addition, about 40 tank cars for alcohol service. The
investment in an adequate tank-car fleet for anhydrous am
monia service amounts to a very large sum. The Du Pont
Ammonia Corporation originated the shipment of anhydrous
in tanks, thus effecting large savings in cost of
anhydrous ammonia to quantity consumers.
Through the cooperation of the U. S. Bureau of
Explosives the capacity of anhydrous ammonia
tank cars has been increased from 30,000 pounds
to 50,000 pounds. The Bureau of Explosives de
serves particular credit for materially reducing
the cost of such cars by investigations which have
led to a reduction in shell thickness^from l ' / t to
3/ 4 inch. The present cars are heavily lagged with
cork. Experiments are being carried out at Belle
to determine the comparative pressures attained
in insulated and uninsulated cars. In these ex
periments, an uninsulated car and a standard
insulated car charged with ammonia are being
observed under actual shipment conditions, par
ticularly in hot weather.
Experimental Plants
It is obviously necessary in connection with a compara
tively new and rapidly developing industry to carry out tech
nical experimental work on a large scale. For this purpose
the D u Pont Ammonia Corporation has invested three-quar
ters of a million dollars in experimental plants. The ex
terior of the semi-works high-pressure plant is shown in
Figure 7. A part of the equipment of this experimental plant
is shown in Figure 8. This experimental plant is designed
to produce hydrogen and ammonia, and in addition there
are facilties for the study of alcohol and other pressure syn
theses. In Wilmington there are additional experimental

and semi-works facilities, these being largely for the smallscale, more fundamental studies.
The experimental plants are provided with separate offlce,
laboratory, and control facilities. They are manned by permanentstaffs. Despite the large expense in equipment and op
eration, the investment unquestionably has been worth while.
Operating Staff
It is, of course, necessary to have a large staff of engineers,
research men, and plant superintendents in connection with
the Belle operation. In order to provide adequate housing
for this organization, the office building shown in Figure 9
was erected recently.

F ig u r e 4 — H y p e r c o m p r e sso r s fo r M ixed G as

M anufacturing Operations
The technical operations involved in the ammonia and al
cohol syntheses will be summarized briefly.
Coke is charged into the water-gas generators, which
produce a crude water gas having the approximate com
position of 50 per cent hydrogen and 40 per cent carbon
monoxide. From the water-gas generators the gas passes
to the primary scrubbers and from there to the water-gas
holders. These holders feed the hydrogen manufacturing
operation, from which issues the correct synthesis mixture
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cubic feet, as against nearly §10 per 1000 cubic feet for
compressed hydrogen in cylinders. Furthermore, the hy
drogen contained in one 100-pound cylinder is equivalent to
the hydrogen contained in approximately fifteen cylinders of
compressed hydrogen, each having a capacity of 200 cubic
feet. Of course, it is necessary to have a cracking unit in
connection with the liquid ammonia supply, but the cost is
negligible. Some of the uses for cracked ammonia, which
appear to be promising, are in the cutting and welding of
metals, in the reduction of metallic oxides, in the working of
fused quartz; and for general laboratory and miscellaneous
manufacturing purposes where relatively small quantities
of hydrogen are wanted.
> While the current price of ammonia in cylinders is about
15 cents per pound, it should be pointed out that consumers
of tank-car quantities can buy it at about 6 cents per pound
delivered. Synthetic methanol is now available in tank-car
lots at 40.5 cents per gallon. These low prices are due to
recent advances in large-scale pressure synthesis and to
economical methods of distribution.
O utstanding Characteristics in
Industry

Pressure-Synthesis

comprising hydrogen, nitrogen, and carbon monoxide. This
The capital investment necessary for the exploitation of
gas is compressed to 1000 atmospheres, after which purifica
p res su r e synthesis is
tion is effected in the
extremely h ig h . A n
methanol converter in
ammonia plant of 300
which the co n ta in e d
tons per day capacity is
carbon m on o x id e is
probably the minimum
consumed. After the
economic size if suffi
purification s te p , th e
ciently low costs are to
gas is c o n v e r te d to
be obtained to make a
a m m o n ia , w h ich is
satisfactory rate of re
drawn off to storage as
tu r n in t h is h ig h ly
a liquid. The residual
gas from the ammonia
c o m p e t it iv e f ie ld .
converters is scrubbed
While large capacity
to recover uncondensed
obviously is desirable
a m m o n ia a s a q u a
from tbe standpoint of
ammonia. Steam con
o p e r a tin g overhead,
densate provides the
there are other factors
water for aqua ammo
not so obvious in their
nia manufacture.
e f f e c t on e c o n o m y .
With go o d d e sig n
The size of such operat
and proper operating
ing units as compres
F ig u r e 6—L o a d in g T a n k C ars w ith A n h y d r o u s A m m o n ia
p ro ce d u re the haz
sors and converters is
ards in high-pressure synthesis appear to be less than in
increasing far beyond earlier predictions and this factor of
most, if not all, of the chemical operations of which we have unit size controls, to an important degree, the minimum
knowledge. In fact, during the four years that the Belle
works has operated there'has not been a fatality in connec
tion with the manufacturing operations.
Developm ent of New Uses for Products
There is at any given time a fairly definite limit to the
quantity of ammonia and alcohol which can be marketed in
the usual channels. Therefore, it is desirable to develop new
and appreciably large outlets for these products and, in fact,
for any other products that may be projected. For this
purpose the Du Pont Ammonia Corporation has set up, as
part of its technical organization, a Sales Development Di
vision, the purpose of which is to study new uses for ammonia
and other products and to cooperate with industries that
might be interested in these developments.
B y way of illustration it might be pointed out that there
would appear to.be a large market for cracked ammonia for
use as fuel. A brief survey of the economics shows that a
100-pound cylinder of ammonia will furnish about 3000
cubic feet of hydrogen, which at present cylinder prices for
ammonia m ay be obtained at a cost of about §5 per 1000

F ig u r e 7— E x p e r im e n ta l S y n th e s is P la n t
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desirable over-all plant capacity. Furthermore, the enor
mous research and development expense, which is inherently
the price of continuous success in this industry, must be
distributed over a fairly large output, if reasonably low ex
pense is to be shown per unit of output. Assuming that the
300 ton per day ammonia plant is the smallest that should
be projected, then the total capital requirement, at the com
monly accepted figure of S250 per annual ton of ammonia,
would be about S25,000,000. Incidentally, such an invest
ment will not at the start show the desired rate of return,

F ig u r e 9—D u P o n t A m m o n ia C o r p o r a tio n , W orks O ffice B u ild in g

and in fact cannot do so until the personnel has been trained
thoroughly in this highly specialized industry and until all
operating procedures have been standardized.
While there have been m any adverse conditions under
which industrial pressure synthesis has developed in this
country, it would appear that the future success of the in
dustry is now assured, and the products of this industry are
being marketed on a rapidly increasing scale. W ithin the
past five years this country has become secure as regards
supplies of nitrogen for national defense and agriculture.
Certainly the earlier fears, real or imaginary, with respect
to the adequacy of domestic nitrogen supplies are no longer
justified.

F ig u r e 8— E x p e r im e n ta l S y n th e s is P la n t for S tu d y o f H ig h P ressu re P rocesses

M anufacture of Carbon D ioxide and Epsom Salts’
W. P. H eath
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Carbon Dioxide M anufacture
Per «
Calcium carbonate.................... 54.00
ARBON dioxide, one of the most abundant gases in................................ Magnesiumcarbonate............. 4 5 .0 0
nature, is today manufactured, or collected, in several
aXES»??.
" ! " ” ! i ’! ’ hos

C

different ways. Before prohibition it was collected
and compressed as a by-product of the fermentation of beer.
I he m ost recent method is to pipe it from wells. In Califorma prospectors drilling for oil ran into large pockets 0
carbon dioxide under pressure. Under government lease
these pockets are now yielding their store of carbon dioxide.
M ost of the gas thus collected is used in the manufacture of
solidified carbon dioxide. Perhaps the most universally
used process today is the coke process, whereby car bon
dioxide is collected as a product of the combustion of coke
under forced draft.
. . .
.
In Atlanta, because of the proximity of raw materials, the
Crystal Carbonic Laboratory uses the wet process, with
dolomite, sulfuric acid, and wnter as raw materials.
M a t e r ia l s
Dolomite is mined at Cartersvnle, Ga.,
where is located a very large limestone quarry, operated to
supply crushed stone for concrete. The stone on the face
of this quarry varies in analysis from a practically pure
dolomite to a very highly siliceous one. The purest dolomite
is in a horizontal vein layer 4 or 5 feetthick.
It is of very
fine grain and light in color and caneasily beselected from
the impure grades. An average analysis of this stone is as
follows:
1 Received March 1 2 , 1 9 3 0

......................................
o a ...............................................
%
q'j1js stone js most suitable on account of its freedom from
excessive amounts of oxide of iron and alumina, carbonaceous
matter, sulfides, and silica. It is shipped to the factory in
so. caued “one-man” lumps.
The sulfuric acid is manufactured in Atlanta from brimstonej is 5 0 0 Baum6 in strength, and is free from sulfur di
oxj{ie ancj nitrous oxide, ingredients which will cause trouble
0peration. It is delivered in steel cars of 100,000
pounds capacity and is stored in a lead-lined tank on the top
0jfactory building ready for use.
E q u i p m e n t a n d P r o c e s s —The stone is reduced to 6 0
mesh by passing through Sturtevant M ill Company’s equipmen^ consisting of a jaw crusher and ring roll mill and air
separator. The dolomite is received in hopper-bottom cars
and discharged by gravity into storage adjacent to the crusher,
The pulverizer, elevators, and dust separator are located in
Qne kay
y;le building 22.5 feet square the entire height of
^ building and kept tightly closed to prevent dust from
spreading over the factory.
. The pulverized material is stored in a concrete hopperbottom bin on the top floor of the factory, from which it
may be drawn out into a cart on scales. This cart runs on a
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track immediately over five generators on the floor beneath.
These generators are cylindrical, lead-lined tanks, made of
three sections of flanged cast iron 2 feet in length. The
tanks are constructed in this manner in order to support
the lead and to renew the lead on each section as it is worn
out. The bottom of each generator has a layer of vitrified
acid-proof brick to prevent the ground dolomite from wear
ing through the lead.
The charge consists of 1000 pounds of water and 1400
pounds of dolomite. The generator is closed and 1 ton of 60°
Baumd acid is delivered slowly for about 1 hour into the mix
ture of ground dolomite and water. At the end of this time
the stone neutralizes the last of the acid and leaves a neutral
mixture of sulfates of lime and magnesia.

Vol. 22, N o. 5

The gas is piped from the wash bottle to a 2500-cubic
foot rubber gas bag in the basement, where it is ready for
compression. The gas is drawn from the gas bag into a
three-stage Ingersoll-Rand compressor where the pressure
is stepped up to 75 pounds in the first stage, 250 pounds in
the second stage, and 1000 pounds or more in the third
stage. The third stage of this machine is of the solidplunger type, outside packed, and the gas emerges at over
1000 pounds pressure into brass cooling coils, where the tem
perature is reduced to below 88° F., the critical point of
carbonic acid. The gas is then forced into 50-pound steel
drums. Gases under pressure are classed as hazardous
and the filling is carefully regulated so that all excessive
pressure may be avoided.
The drums are manufactured under specifications laid
down by the U. S. Bureau of Explosives. The drums holding
5 pounds of carbonic acid are 8.5 inches in diameter, 51 inches
long, and the side walls are about 0.25 inch thick. The
bursting point is about 6000 pounds per square inch. The
U. S. Bureau of Explosives require that these drums, when
manufactured and every 5 years thereafter, shall be subjected
to a hydraulic pressure of 3000 pounds per square inch. If
the permanent expansion under this pressure is more than
10 per cent of the total expansion, the drum may not be put
in further service. Such drums, however, m ay be re-annealed
and retested and put back into service if they veil at that
time stand the above

F ig u r e 3 —E p so m S a lt s C e n tr ifu g a l D rier a n d S c r ee n

At ordinary temperature the drums are about two-thirds
full of liquid and one-third full of saturated gas. The average
purity is 99.5 per cent and there are traces of air. Such
impurities as m ay give an odor or taste are not permitted
in carbonic acid to be used in the beverage industry.
Epsom S alts M anufacture
To the neutral charge of sulfates in the generator is added
a solution of potassium permanganate until the iron is com
pletely oxidized, as shown by test with potassium ferrocyanide. A few minutes’ agitation after oxidation will
precipitate ferric hydroxide and alumina. This neutral resi
due of sulfates of calcium and magnesia is then delivered by
F ig u re 2—C o n d en ser C olls a n d T a n k s a n d F illin g
S c a le s fo r C arbon D io x id e
gravity through Duriron pipes and valves into a hopper tank
on the floor beneath. This hopper is lead-lined and is in
During this operation the carbonic acid passes out through
stalled over three standard 40-inch centrifugals fitted with
a wash bottle, lead lined and fitted with three perforated filter cloths beneath perforated metal. The mixture of sul
hard-lead plates spaced about 1 foot apart. The perfora fate is a rather thick sludge and is delivered into these
tions are % inch in diameter and finely divide the gas as machines while they are being operated at full speed.
it passes through the water in the wash bottle. This washing'
The magnesium sulfate is washed by spray with hot* water
is necessary to remove traces of sulfur dioxide, ammonia,
until the wash water shows only a fraction of a per cent of
and fine spray or mist carried over from the generators.
this compound. This washing is very economical in wash
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water, since the clear Epsom liquor has a gravity of 35°
Baumd and is only diluted to 25° Baum6 by the water
necessary to wash the calcium sulfate clean.
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The 25° Baumh Epsom solution is pumped to a large
copper vacuum evaporator on the top floor, where it is concen
trated to 38° Baunri: at a boiling point of 130° F. and is then
discharged into shallow steel tanks about 2 feet deep. In
about two days this solution is completely cooled. The
mother liquor is then drained off and the crystals are delivered
by conveyor into a hopper over a 30-inch brass centrifugal,
in which the crystals are dried as completely as possible and
then passed through two rotary drums for drying and cooling.
The drying of Epsom is a rather delicate operation, as too
high a temperature will cause a dull appearance, and in
sufficient drying will leave moisture which will result in
caking in the final packages.
Epsom is packed for sale in 100-pound bags, ’ 125-pound
kegs, and 350-pound barrels. The crystals are of the white,
needle variety and comply with the U. S. P. purity test.
This plant is operated upon strictly southern and local
materials.
Uses of Epsom Salt and Carbon Dioxide

F ig u r e 4— E p so m C r y sta lliz in g T a n k s a n d C onveyors

The calcium sulfate is discarded as there is no market for a
small output of 4 or 5 tons per day.

The Epsom is distributed throughout the South through
wholesale druggists and the carbonic acid is used exclusively
for carbonating water for beverage purposes.
Although the Crystal Carbonic Laboratory is primarily
in the business of manufacturing carbon dioxide for use in
the beverage industry, the quantity of magnesium sulfate
obtained as a by-product makes this company one of the larg
est Epsom manufacturing concerns in the United States.

High-Boiling Solvents from N atural-G as Pentanes1
Lee H. Clark
S il A R r U I S S O I.V B N T S C O R P O R A T IO N , I Î E L U Î , W . V a .

ATURAL gas from both the West Virginia and the
midcontinent fields contains a large percentage of
pentanes, and there is a steadily increasing demand
for high-boiling constituents for lacquer solvents. The con
necting link between these two conditions is the plant of the
Sharplés Solvents Corporation at Belle, W. Va., which
represents the first commercial venture in the use of petroleum
hydrocarbons as the raw material for organic synthesis.
Amyl alcohols are obtained from the pentanes by a process
of chlorination followed by hydrolysis, and the corresponding
amyl acetates are then prepared as desired from the alcohols,
while small amounts of amylene dichlorides, amylenes, diamylene, and diamyl ether are recovered as by-products.
The present article is intended to give a concise description
of the operating processes of this plant.

N

Raw M aterials
The chief raw materials are pentanes, chlorine, caustic,
and acetic acid. Sulfuric acid involved in the manufacturing
processes is largely recovered, but some make-up of this
substance is required.
The pentanes were originally obtained by fractionating
natural-gas gasoline at the Belle plant, cutting out the 30
to 35 per cent pentane content, and reblending the heads and
tails for resale as gasoline. A t present a pentane cut with
95 per cent boiling between 28° and 39° C. is supplied in
tank cars to the Belle plant by the refiners of natural-gas
gasoline. The supply is derived from both the West Vir
1 R eceived M arch 11, 1930.

ginia and midcontinent fields, approximately half coming
from each.
Both the chlorine and caustic required in manufacture
come by pipe line from the Belle Alkali Company, which is
directly adjacent to the plant. Acetic and sulfuric acids
are supplied from outside sources.
Chlorination of Pentanes
The pentane cut contains both normal and iso-pentane.
As indicated in the flow sheet of Figure 1, it is pumped from
storage to a mixing tank, where pentanes recovered from the
system are added and the mixture is thoroughly dehydrated.
From the mixing tank the pentanes are passed through a
vaporizer. Chlorine is passed through another vaporizer,
and the two gas streams are combined in a mixing throat.
From this they pass immediately into a gas-fired pipe still.
Figure 2 shows the control board and the battery of pumps in
the chlorination operations.
The exit gases from the pipe still pass through pipe banks
cooled with a water spray and enter the first of four con
tinuous fractionating columns. This first column is oper
ated to take off an overhead product containing only pentanes
and the hydrochloric acid produced in the chlorination. This
product is returned to the mixing tank at the start of the
system, while the bottom product, a mixture of amyl chlorides
and unchlorinated pentanes, is pumped to the second con
tinuous column. The pentane-rich overhead product from
this column is returned to the feed of the first column, while
the bottom product, low in pentanes and high in chlorides,
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passes to the third column. In this column the amyl di
chlorides and more highly chlorinated substances are removed
in the still liquor and sent to a separate discontinuous still,
while the amyl chlorides are sent to the fourth column. Here
a practically pure mixture of amyl chlorides is obtained as a
bottom product, while the residual pentanes are taken off
overhead together with some amyl chlorides and are returned
to the feed of the first still.
The dichlorides and polychlorides in the still liquor from
the third column are worked up in batches in a caustic still,
the dichlorides being recovered while the more chlorinated
compounds are sent to waste.
Recovery of Hydrochloric Acid
For each atom of chlorine introduced into a pentane there
is formed one molecule of hydrochloric acid. This hydro
chloric acid, together with unchlorinated pentanes, consti
tutes the overhead product from the first continuous still,
which is returned to the mixing tank at the start of the
chlorination system, as shown in Figure 1. Here it is intro
duced at the bottom, and the dry hydrochloric acid, bubbling
up through the liquid pentanes, combines with any water
present to form hydrochloric acid, which settles out at the
bottom of the tank and is drawn off from time to time.
Only a fraction of the hydrochloric acid is removed in this
way, the rest being recovered in a continuous system which
withdraws gas from the top of the mixing tank, passes it
through a condenser to remove most of the pentanes, and
then through a double countercurrent absorption system of
fused silica, where the hydrochloric acid is taken up in water.
The exit gases from the absorbing system are scrubbed with
dilute caustic brine liquor from the subsequent hydrolysis

operations. The neutral brine is returned to the chlorine
manufacturer with an increased salt content. The scrubbed
gases then pass through a condenser, are compressed and
condensed, and the liquid pentanes are returned to the mixing
tank. The 20° Baum6 acid obtained from the absorption
system is run to storage and sold.
Hydrolysis of Am yl Chlorides
The various monochloro derivatives of the pentanes are
produced in approximately the proportions shown in Table I.
T a b ic I— M ixed A m y l C h lo r id e s P r o d u ce d b y C h lo r in a t io n o f
P entanes®
F

orm ula

CHJ.CH2.CH2.CH2.CH2CI
CH3.CH2.CH2.CHCl.CH3
CH 3.CH 2.CIICl.CH 2.CH 3
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§ g j> C H .C H i.C H iC l

24
8
18
15

CHjC l> CH.CHi.CHa

30

M

ix t u r e

c h ! > c c 1 c h ,C H i
5
0 N inety-five per cent of the mixture boils between 8 5 ° and 107° C.
T he only impurities present are the amylenes.

For the production of amyl alcohols this mixture of amyl
chlorides is hydrolyzed with a caustic solution in the presence
of a catalyst. The hydrolysis is carried out in a continuous
system, shown in the flowsheet of Figure 3, consisting of two
digesters connected in series with heaters in the circulating
lines. A photograph of the lower floor of the digester unit
is shown in Figure 4. The mixture of amyl chlorides and a
30 per cent caustic solution are fed to the first digester, which
is maintained full, while the products of the reaction are
removed from the vapor space of the second digester, which
is maintained partially empty. The caustic solution is sup
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of the chlorides from a dry mixture of chlorides and alcohols,
owing to the formation of a constant-boiling solution. Satis
factory separation is, however, now obtained.
The wet alcohols from the base of the second column are
dehydrated in a third column, which returns an overhead
mixture of water and alcohols to the second column and

F ig u r e 2— C o n tr o l B oard a n d B a tte r y o f P u m p s for th e
C h lo r in a tio n o f P e n ta n c s

plied from the Belle Alkali Company, and the caustic brine
resulting from the hydrolysis is returned to this concern,
after use in scrubbing the tail gases from the hydrochloric acid
recovery system.
The vapor taken off from the digesters contains a mixture
of amyl alcohols, amyl chlorides, and amylenes. It is con
densed and fractionated in a series of three continuous
columns. Amylenes are removed as an overhead product in
the first column. The second column operates virtually
as a steam-distillation process, taking off an overhead product
of amyl chlorides containing also some amyl alcohols. Diffi
culty was originalfy experienced in attempting the separation

F ig u r e 4— L ow er F loor o f th e D ig e ste r U n it U sed for
th e H y d r o ly sis o f A m y l C h lo r id e s

produces a bottom product of dry alcohols which is sent to
storage. This mixture is distilled in batch equipment to re
move the relatively low-boiling tertiary amyl alcohol and
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then a mixture of the remaining five amyl alcohols with the
approximate composition shown in Table II. The residue in
the still is stored and is subsequently worked up for the re
covery of the catalyst and of diamyl ether, which is present
in small quantities.
T ab le II— M ixed A m yl A lc o h o ls D erived fr o m P e n ta n e s 0
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The quantity of amylenes produced during acetylation is
increased by an increase in the concentration of acetic acid,
while the yield of ester is low if the amount of acetic acid is
too small. A practical balance is struck between these op
posed factors, and the unavoidable production of amylenes is
recovered as an overhead product from the rectification still
and is sent to storage.

en t oe

D evelopm ent of Cooling and C ondensing Equipm ent
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° Tertiary amyl alcohol produced during the process is taken off in a
separate fraction.

Acétylation of Alcohols

The above outline completes the description of the essential
processes operated at the Belle plant. Considerable de
velopment has taken place during the three years since the
plant was first put in operation, and this development has
been largely along the line of equipment rather than changes
in the processes. One of the m ost troublesome problems has
been the development of a satisfactory cooling and condens
ing system for the chlorinated pentanes. Countercurrent

A mixture of amyl acetates is produced from the mixture
of alcohols by a simple continuous acétylation process, indi
cated in the flowsheet of Figure 5. The mixed alcohols
and acetic acid are charged to a kettle containing sulfuric
acid. The temperature is maintained at approximately
125° C., and a vapor product containing amyl acetates,
amylene, acetic acid, and unconverted alcohols is taken off
to a continuous column, shown to the left in Figure 6. This
column is operated to reflux acid back to the kettle and to
deliver an overhead product containing the amyl acetates,
alcohols, a small amount of amylene, and a minimum amount
of acetic acid. The crude ester is neutralized with soda ash
and is rectified to produce a mixture of approximately 85
per cent amyl acetates and 15 per cent amyl alcohols. The
approximate composition of this product is indicated in Table
III. Unconverted alcohols removed during the rectification
are returned to the acétylation process, and the small amount
of residual sodium acetate is sent to waste.
T ab le H I
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tubular coolers were used at first, but it was necessary to
discard these as the water pressure required was sufficient to
cause occasional leakage into the system, with consequent
rapid corrosion of equipment by the hydrochloric acid formed
from the hydrochloric acid present in the vapors. Heat
exchangers were then tried in which the hot gases were used
for heating process equipment, but it was necessary to re
place these also because they gave an insufficiently rapid rate
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of cooling, with the resultant formation of undesirable quan
tities of amylene and of dichlorides. The present system,
consisting of pipe coolers and condensers with an open water
spray, does not conserve the heat of the gases, but it does
satisfy the special requirements of the process.
The first equipment was of copper,-but this was replaced
by iron because of cost considerations. Iron stands up well
as long as the gas is perfectly dry, but corrodes rapidly if
slight amounts of moisture are allowed to enter the system.
Although a close check is kept on the chlorine entering the
plant to prevent the entry of water from this source, and the
pentanes are dehydrated with dry hydrochloric acid in the
mixing tank, traces of moisture do occasionally get into the
lines. In order to decrease the failures due to the almost
unavoidable slight corrosion, all replacements in the chlori
nation process are now being made with Toncan iron, and
cast-iron elbows and return bends are being replaced with
Tube-Turns of Toncan iron welded into the lines.
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Final Products
From the initial mixture of normal and iso-pentane there
are produced two main products— a mixture of amyl alcohols
of the approximate composition shown in Table II, and a
mixture of amyl acetates together with a small amount of alco
hols, corresponding to the composition shown in Table III.
In addition the following intermediate or by-products are
derived from .the process: mixed amyl chlorides of the
approximate composition shown in Table I, amylene di
chlorides, amylenes, diamylene, and diamyl ether. Any of
the six amyl alcohols, normal amyl chloride, and normal
and iso-pentane may also be obtained by fractionation of the
products or of the raw materials.
The mixed amyl alcohols and the acetate-alcohol mixture
are used as high-boiling constituents in lacquer solvents.
Investigations arc under way at the present time leading
toward the establishment of industrial uses for the other
products and by-products.

T he Calcination or E nrichm ent of Phosphate R o ck 1
C. G. M em m inger, W. H. W aggaman, and W. T. W hitney
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H E modern tendency in all industrial processes is to
manufacture or turn out a more concentrated product.
This movement has gained considerable impetus in
the fertilizer industry within the past decade, owing to in
creased freight rates, more costly handling charges, and the
development of improved methods of producing phosphoric
acid and synthetic ammonia.
The demand for high-grade phosphate rock has also in
creased, as new outlets for phosphoric acid and phosphate
products have , been opened up and the farmer has become
educated to the use of more concentrated fertilizers.
While in the early days of the phosphate industry in South
C a r o lin a , phos
phate rock aver
aging as low as 60
per cent tricalcium
phosphate was re
garded a s q u it e
sa tisfa ctory, th e
discovery of hardrock. and pebblephosphate depos
its in Florida, both
of which were of
much higher grade
and of greater ex
tent than any pre
viously exploited,
caused production
to fall off rapidly in
South C a r o lin a ,
and now mining
o p e r a t io n s have
ceased entirely in
that state.
The
standard for do
mestic phosphate
rock was r a is e d

T

o m pa n y

, P

lant

C

it y

, F
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from 60 per cent to 68 per cent tricalcium phosphate; and
a large export trade grew up for high-grade phosphate rock
containing from 75 to 78 per cent of this compound.
Although the hard-rock phosphate of Florida is on the
whole of somewhat higher grade, the pockety nature of these
deposits caused farsighted operators to concentrate their
efforts in developing the more extensive and cheaply
mined pebble deposits. This resulted in a falling off in the
production of hard rock, but the demand for the higher
grades of phosphate still enabled the hard-rock producers
to export substantial tonnages of their product and dispose
of an appreciable quantity in this country for the manu
facture of phos
phoric a c id fo r
food and chemical
purposes.

1R eceived March
1 . 1930 .

F ig u r e 1— G e n e r a l V iew o f C a lc in a tio n P la n t

D evelopm ent of
Calcination
Process
Since an attrac
tive premium is
paid for the higher
g r a d e s of phos
phate r o c k , th e
operators in the
pebble field made
e v e r y e f f o r t to
compete for this
m a rk et.
N ot
only were higher
g r a d e d e p o s it s
s o u g h t , but the
possibilities of en
r ic h in g p e b b le
phosphate by sub
sequent treatment
o f t h e w a sh e d
p r o d u c t w ere
vigorously inves
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tigated by this company at its laboratory near Plant City,
Fla.
The results of these preliminary investigations made it ap
pear that calcination at relatively high temperatures offered a
promising method not only of enriching pebble phosphate, but
of eliminating as a whole or in part certain impurities which
were acid-consuming and imparted objectionable properties
to phosphoric acid produced therefrom.
Accordingly experiments were conducted at a pilot plant
and the commercial possibilities thus established. Finally
two full-sized calcining units were installed with a daily ca
pacity of 600 tons, which have been operated more or less
continuously for the past twelve years. A patent was issued
in 1916 to C. G. Memminger (2) covering this process, but the
details of the plant and the mode of operation have been
given no publicity up to the present time. This basic patent
is quite broad in its scope and covers the calcining of the
phosphate rock at temperatures sufficiently high to bring about
the decomposition of carbonates contained therein and to
cause the free lime formed to combine with silica, thus in
suring a permanent increase in the percentage of P2Os present
in the product.
In 1923 a patent was also issued to E. P. Stevenson (S) on
a similar process. This inventor claims that, while he heats
the rock to a temperature sufficiently high to decompose the
calcium carbonate, the free lime does not form calcium sili
cate, but combines with the tricalcium phosphate to form more
basic compounds. This claim does not appear warranted, as
more basic phosphates are formed' as a rule at exceedingly
high temperatures such as those obtained in a Bessemer con
verter, while calcium silicate is produced at much lower tem
peratures.

constitution, calcium carbonate, fluorine compounds, and
organic matter. Every one of these can be decomposed or
partially volatilized at high temperatures when intimately
associated as they are in phosphate rock, even the silica pres
ent being slightly reduced in the presence of calcium fluoride
by the formation of silicon tetrafluoride. In actual practice,
however, the main purpose is to eliminate all water of con
stitution, burn out or char all organic matter, decompose all
or part of the calcium carbonate present, and combine the
free lime thus formed with silica so that it will not take up
carbon dioxide and be again converted into carbonate. B y
heating the rock to 2000° F. in an oxidizing atmosphere,
practically all of the reactions sought are accomplished with
the exception of the complete decomposition of the fluorides,
and the tricalcium phosphate content is raised from 4 to 5
per cent.

Object of Calcining Phosphate Rock
Although it is the general practice to dry phosphate rock
in rotary kilns by means of fuel oil or coal, the temperature of
the rock leaving these kilns seldom averages above 300° F.
In other wrords, this procedure is merely for the purpose of
eliminating the bulk of the free moisture present in washed
pebble phosphate.
The object sought in calcining phosphate rock at high
temperatures is to increase permanently the percentage of
P 2O5 by the decomposition and volatilization of certain sub
stances present in the rock as impurities or diluents, thus
saving freight and handling charges and economizing on the
quantity of acid normally required to effect the conversion
of P2O5 into an available form.
Practically all phosphate rock contains, in addition to
phosphate of lime, appreciable quantities of silica, water of

F ig u r e 3 — B rick -L in e d R o ta r y K iln s (140 X 8 fe e t) i n W h ic h
P e b b le P h o s p h a te Is E n r ic h e d a n d P u rified

The commercial use of phosphate treated by this process
has shown that in certain instances it is not desirable to bring
the temperature of the phosphate rock as high as 2000° F.
for, while such a product contains a higher percentage of
tricalcium phosphate than that heated to a lower temperature,
the physical and chemical nature of the material has certain
disadvantages which tend to offset the added concentration
of the product. For instance, where highly calcined phos
phate, free from, carbonates, is used in the manufacture of
superphosphate by the ordinary den process, the action be-
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tween the acid and the rock dust is so slow that complete
decomposition of the phosphate is much delayed and the
final product is not so porous or so readily cured as that made
from phosphate rock containing carbonate of lime. The in
troduction of improved methods of manufacturing super
phosphate, however, wherein the heat of chemical reaction
is not dissipated so rapidly as in the den process, may make
this highly calcined phosphate more desirable for this purpose
than that which is calcined at lower temperatures.

this temperature, but for certain purposes this type of cal
cined phosphate has advantages over that heated to the higher
temperatures.
T a b le I— A n a ly sis o f P e b b le P h o s p h a te b e fo r e a n d a fte r C a lc in in g
C a lc in e d a t
C

o n s t it u e n t s

M oisture
Organic m atter and water of com
bination
Phosphoric acid (P1O5)
Carbon dioxide
Fluorine
Sulfur trioxide
Silica
Calcium oxide
M agnesium oxide
Oxide of iron
Oxide of aluminum
Less oxygen equivalent of fluorine
C o n v e n tio n a l C o m b in a tio n o f
A b o v e C o n s titu e n ts

M oisture
Organic m atter and water of com 
bination
Tricalcium phosphate
Calcium carbonate
Calcium fluoride
Calcium sulfate
Calcium silicate
M agnesium carbonate
Silica
Oxide of iron
Oxide of aluminum

F ig u r e 4— R o ta r y C o o lers fo r R e d u c in g T e m p e r a tu r e o f P eb b le
P h o s p h a te a fte r C a lc in a tio n P ro cess

On calcining pebble phosphate at 1500° F. only partial
decomposition of the carbonates takes place and the organic
matter, instead of being completely burned out, is reduced to
a char. A t this temperature the tricalcium phosphate content
is increased from 2 to 3 per cent. Up to the present time the
main use of the calcined pebble phosphate in this country,
particularly that treated at 2000° F., has been in the manu
facture of pure phosphoric acid suitable for food and chemi
cal purposes. As the organic matter is either eliminated by
the heat treatment or reduced to elemental carbon which is
not attacked by sulfuric acid, calcined phosphate is especially
desirable for the manufacture of a pure, clear, colorless phos
phoric acid by the w et process.
In Table I analyses of relatively high-grade phosphate rock
before and after calcining are given. The various ingredients
are also shown combined in a conventional manner.
This table shows that at 2000° F. pebble phosphate con
taining 76.17 per cent of tricalcium phosphate may be raised
in grade to 80.43 per cent. All of the calcium carbonate
originally present is decomposed, the water of constitution
driven off, the organic matter completely oxidized, and most
of the sulfur-trioxide eliminated. Small quantities of the
fluorine are also volatilized.
Since the intense heat zone of the kiln is relatively narrow,
owing to the short flame employed the material is maintained
at the highest temperature for a comparatively short period
of time and therefore the calcium fluoride decomposed is only
a small percentage of the total amount present. Analyses of
both the stack gases and the phosphate product indicate that
3 per cent of the fluorine originally present is driven off at
2000° F.
A t 1500° F. a little more than one-half of the calcium car
bonate is decomposed, over three-fourths of the organic
matter and water of constitution eliminated, and the tri
calcium phosphate content raised about 2.5 per cent over that
of the original rock. Practically no fluorine is volatilized at
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C a lc in e d a t

2 0 0 0 ° F.

1500° F.

Before

After

Per cent
1.03

Per cent
0 .0 0

2 .5 0
3 4 .8 0
1.56
3 .1 6
0 .2 3
7 .5 5
4 8 .1 4

0 .0 0
36.81
0 .0 0
3 .2 3
0 .0 5
8 .1 0
50.66

1Ü 4
1.17
101.34
1.34
100.00

i ! io
1.19
101.20
1.36
99 .8 4

1 .4 5
3 4 .2 0
2 .7 0
2 .8 2
0 .4 4
6 .9 3
4 8 .0 3
0 .2 7
0 .8 6
1.72
100.05
1.18
98 .8 7

Before

After

Per cent Per cent
0 .6 3
0.11
0 .4 0
3 5 .3 2
1.32
2 .9 4
0 .2 8
7 .2 8
4 9 .1 2
Trace
1 .0 5
1 .35
'99.17
1.24
97 .9 3

1.03

0 .0 0

0 .6 3

0.11

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

0 .0 0
80 .4 3
0 .0 0
6 .6 2
0 .0 9
4 .6 6

1.45
7 4 .7 3
5 .4 5
5 .7 8
0 .7 5

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

7^55
1.14
1.17
100.00

ö! ¿9
1.16
1.19
99 .8 4

0 .5 7
6 .9 3
0 .8 6
' 1.72
98 .8 7

6. io
1 .0 5
1 .35
9 7 .9 3

While the composition of calcined phosphate will vary ac
cording to the nature and grade of the rock treated, these
analyses are typical of the material turned out from the kilns
under average operating conditions when calcining highgrade pebble phosphate.

F ig u r e 5— R ear V iew o f P la n t S h o w in g S c r u b b er fo r R e m o v in g
G a se o u s F lu o r in e C o m p o u n d s

Plant Equipm ent and Operation
The plant of the Coronet Phosphate Company for the pro
duction of calcined or enriched phosphate consists of two
brick-lined kilns 8 feet in diameter and 140 feet in length.
The kilns are fired with crude oil, air being used to atomize
this oil. Each kiln has a pitch o f s/g inch to the foot and opens
into a stack. It revolves once in 70 seconds. A short flame
is used which creates an intense heat in a narrow heat zone.
The stack gases at the cool end of the kilns have a temperature
of about 300° F.
The pebble phosphate containing from 10 to 20 per cent of
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water is fed in at the cool end of the kilns by automatic feed
ers, and the hot calcined rock is discharged at the hot end at
a temperature of 1500° F. to 2200° F., according to the degree
of calcination desired. It requires I'A hours for the rock to
pass from one end of the kilns to the other. Great care must
be exercised in this calcining process to prevent the rock from
adhering to and building up on the sides of the kilns.
The red-hot calcined material is carried by bucket elevators
to brick-lined hot bins and is then elevated by “peck carriers”
up two stories and dumped into chutes leading to two rotary
coolers. Large lumps are taken out by a grizzly and crushed
to uniform size. In the coolers the temperature of the cal
cined phosphate is lowered by means of coils of pipe contain
ing running water. After leaving the coolers the rock is at
a temperature where it can be readily handled by any ordinary
equipment. It is then carried by bucket elevators and belt
conveyors and dumped into concrete storage bins. These
bins are of the silo type and have a combined capacity of ap
proximately 10,000 tons.
The gases from the kilns pass out through a stack 256 feet
high. Other dust-bearing gases from the plant are conducted
through dust collectors and scrubbers to remove the gaseous
fluorine compounds.
Utilization of Heat in Freshly Prepared Calcined Phosphate
The calcination of phosphate rock at high temperatures
and the permanently concentrated nature of the product led
to investigations on the practicability of utilizing more thor
oughly the thermal value of the fuel. This was done by mix
ing with the calcined product immediately after it was dis
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charged from the kilns further quantities of undried pebble
phosphate which otherwise would have to be put through ro
tary driers. In this way the grade of the mixture has been
increased from 1 or 2 per cent above the pebble phosphate
dried in the ordinary way and the cost of the calcining at
high temperatures has thus been materially lowered.
This scheme was first practiced by this company ten years
ago, but was later the subject of a patent taken out in 1928
by George T. Earned (I) and assigned to the Phosphate M in
ing Company, one of the large producers in the Florida pebble
fields. Earned claims that this mixture of calcined and un
calcined phosphate is better adapted for the manufacture of
superphosphate than a product which has been completely
calcined.
While the calcination process for enriching and purifying
phosphate pebble was primarily developed to produce ma
terial suitable for export and to meet the requirements
for food-grade acid and chemical products, the depletion of
the more highly concentrated phosphate deposits has aroused
added interest in this process and it is being seriously consid
ered as a means of raising the grade of pebble phosphate which
is just below or on the border line of marketable and un
marketable material.
Credit should be given S. D . Gooch for his very efficient
aid in developing the calcination process.
Ackno w ledgm en t
(1) Harned, U . S. P aten t 1,671,705 (1928).
(2) M em minger, U . S. P aten t 1,192,545 (July, 1916).
(3) Stevenson, U. S. P aten t 1,453,571 (1923).

Purification of W ood R osin
H. E. Kaiser and R. S. Hancock
H s r c u i .e s P o w d e r C o m p a n y , W ii.m in g to n ,

F WOOD rosin produced by the steam and solvent
process has several characteristics which distinguish it
from gum rosin even of the lower grades. The most
striking of these distinguishing characteristics are its clear
ruby-red color and freedom from dirt, which too often con
taminates the lower grades of gum rosin. Its acid number
is somewhat lower than gum rosin and as normally pro
duced it has a lower melting point.
In many industries, where uniformity and cleanliness of
the rosin used are essential and where dark color is not ob
jectionable, FF wood rosin has replaced successfully and satis
factorily gum rosin ranging from B to F in color. In other
and by far the largest of the rosin-consuming industries,
such as paint and varnish, soap and white paper sizing, its
use has been limited by its ruby-red color. This limited
utility of FF wood rosin was early recognized by the pro
ducers of wood naval stores as an obstacle to the further de
velopment of the industry. To overcome this obstacle
there was instituted in 1920 a research program directed
toward a better knowledge of naval stores products in
general and, in particular, the production of wood rosin
that would be of general use to the rosin consumers.
The development of a commercial process for the refining
of wood rosin proved to be a peculiarly refractory problem.
It was recognized generally that the principal constituent
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of wood rosin was abietic acid, probably identical with the
abietic acid present in gum rosin. Based on the acid number,
the abietic acid content represents approximately 85 per cent
of normal FF wood rosin. However, we were chiefly inter
ested in the remaining 15 per cent, as it seemed certain
that in this material would be found the substance or sub
stances which give F F wood rosin its characteristic color.
Because of its heterogeneous and unstable nature, the chem
istry of this fraction of wood rosin was, and still is, obscure.
This made it impossible to develop a purification process
based on the properties of the material to be removed. Con
sequently some of the established methods of chemical sepa
ration were tried.
D istillation
As a means of making this separation distillation was
first suggested. Donk (1) described a process producing by
distillation under vacuum a high-grade rosin from a lowgrade rosin. The process was not satisfactory when applied
to wood rosin, as it led to excessive decomposition of the
rosin being distilled and contamination of the distillate with
rosin oils and color bodies. After considerable experimental
effort on a semi-commercial scale, however, a process was
developed for continuous steam distillation under vacuum
in an aluminum still at temperatures between 250° and 275°
C., with fractional condensation of the distillate in aluminum
condensers {6 ,9 ). B y this means we were able to produce
from FF wood rosin a refined wood rosin comparable in
color to the pale grades of gum rosin.
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Two Types of Color Bodies

While this work led to the production of wood rosin of
satisfactory color, it led just as surely to the realization
that the color of wood rosin is not always indicative of its
utility. Although the color of the distilled wood rosin was
equal to that of pale gum rosin, it was but very little better
than the original F F wood rosin for use in soap, paint and
varnish, or size for white paper.
This unexpected result of distillation was the first indi
cation of the presence in wood rosin of two types of color
bodies, which m ay or m ay not be chemically related— (1)
those that give FF wood rosin its characteristic ruby-red
color, and (2) latent color bodies which apparently do not
color the rosin but which react readily with alkalies to form
a colored substance.
Removal of Latent Color Bodies
The removal of the first type of color body from FF wood
rosin was found to be possible by distillation, but elimination
of the second type was more difficult. In the two years
following the distillation development, research was carried
on constantly, both in the laboratory and on a semi-com
mercial scale, in an effort to find a process that would remove
the latent color bodies from wood rosin. Among the most
promising processes that reached semi-commercial scale were
repeated distillation, fractionation of rosin vapors through a
fractionating column, washing a gasoline solution of wood
rosin with a small amount of dilute alkali, followed by dis
tillation (5) and decolorizing by means of chars and fuller’s
earth (10). The removal of the latent color bodies was in
complete in every case, however, and the refined rosin al
ways fell a little short of being a satisfactory product.
The answer to our problem was found in 1924 during a
laboratory investigation of the possibilities of precipitating
the color bodies from a gasoline solution of wood rosin.
Part of the heterogeneous material present in wood rosin is
less soluble in gasoline than is abiotic acid and can readily be
precipitated by dilution or cooling the gasoline solution.
This precipitation, however, does not ordinarily improve
the color grade of wood rosin to any great extent, nor does
it remove a noticeable amount of latent color bodies. As a
means of further reducing the solubility of this material in
gasoline solution the effect of the addition of gasoline-miscible
solvents to gasoline-rosin solutions was investigated, but no
solvent was found that precipitated any appreciable amount
of latent color bodies from solution.
Search for a Selective Solvent
Among the various reagents tried, furfural proved to be
only slightly soluble in the gasoline-rosin solution and effected
no improvement in the precipitation of the color bodies. It
was found, however, to possess a remarkable selective sol
vent action on the color bodies, particularly the latent color
bodies, thus affording a ready means for extraction of these
impurities by means of an immiscible solvent. This first
experiment with furfural opened up an entire new field of
research on wood rosin. It indicated not only a practical
method of purifying wood rosin of those unidentified color
bodies which so limited its utility, but also a method of
segregating this material for identification and further investi
gation.
Following the first work with furfural considerable re
search has been conducted in an effort to determine why fur
fural or any other solvent should be able selectively to dissolve
the color bodies from wood rosin. The furfural extract from
F F wood rosin was separated from furfural by distillation
under reduced pressure. The residual material remaining
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after the removal of furfural contains both the visible and
latent color bodies from the F F wood rosin. The solubility
of this residue in various solvents was determined in an effort
to segregate and identify the color bodies. This work did not
lead to definite identification of the color bodies, but it did
lead to classification of selective refining solvents into groups
according to chemical structure. Some of the substituted
ethers, such as guaiacol and resorcinol monomethyl ether
and certain of the phenols (2), especially ordinary phenol,
are excellent refining agents. Aniline (S), furfural alcohol
(7), and ethylene chlorohydrin (4) are also good selective
solvents for the wood-rosin color bodies.
Ability selectively to dissolve color bodies is, however,
not the sole criterion by which the usefulness of a selective
solvent m ust be judged. It must also, for practical reasons,
be substantially immiscible, or capable of being made sub
stantially immiscible, at commercially attainable tempera
tures, with the solvent for the purified rosin. Gasoline has
been used as the rosin carrier in m ost of our research on
selective solvents. M any solvents have been found which
exhibit excellent selective solvent action on the color bodies
in wood rosin, but their solubility in gasoline or other petro
leum hydrocarbons is so great that commercially impractical
temperatures are required to secure separation of the solvent
carrying the color bodies from the petroleum solvent carrying
the refined rosin.
Laboratory research indicated the practicability of several
selective solvents for development from the laboratory
through the semi-commercial stage plant scale operation.
The choice of solvent was very difficult, since the market
prices and probable operating costs of each were practically
equivalent when over-all cost was considered. After careful
consideration, in the face of semi-commercial development,
it was decided to use furfural (8) as the commercial reagent.
Furfural possesses very good selectivity for the wood-rosin
color bodies, separates readily at practical temperatures from
gasoline-rosin solutions, and its boiling point, 161.7° C., makes
its recovery from dissolved color bodies practicable by distilla
tion. It is not appreciably toxic and is available in com
mercial quantities at a moderate price.
Refining Process
The refining process as developed is relatively simple. A
solution is made of FF wood rosin in gasoline or petroleum
naphtha, to which is added a suitable amount of furfural.
The gasoline-rosin solution and furfural are heated to approxi
mately 100° F. and agitated until intimately mixed. The
mixture is then cooled and settled until it separates into
two layers. The bottom layer, consisting of a solution in
furfural of color bodies and approximately 20 per cent of the
F F wood rosin, is separated from the upper layer, consisting
of the purified wood rosin in solution in gasoline. After
separation, each solution is evaporated to dryness and the
solvents are recovered for re-use. The recovered rosins are
commercial products and are marketed as “I wood rosin”
and "B wood rosin.”
The process is very flexible in operation. For example, by
varying the number of washing operations it is possible
to produce any grade of wood rosin from G to N , as desired.
However, it has been found in practice "that two treatments
with furfural are sufficient to produce a wood rosin of I to
K grade remarkably free of latent color bodies. Further
purification tends to remove only visible color bodies and thus
better the color grade, but with practically no further removal
of latent color bodies from the wood rosin.
B y choice of reagent and proper operating procedure it is
possible to produce rosin to conform to any grade on the
American scale up to X grade. Yields and commercial
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most of the non-ferrous alloys are not satisfactory, but alumi
num and the newly developed chrome-iron and chromenickel-steel alloys are quite satisfactory and no discoloration
occurs through their use.
The recovery of furfural, which is the economic “neck of
the bottle” in this process, presented some difficulties.
Since the cost of the furfural is four to five times the value of
the wood rosin being purified, recovery must be practically
complete. Furfural is an aldehyde and, although relatively
stable, is still subject to oxidation and résinification, with
subsequent loss. In order to avoid this, especially during
recovery of furfural from the furfural-rosin color body solu
tion, Yaryan evaporators were used because of the rapid
evaporation possible with this type of apparatus. Small
sources of loss, such as leaky pump glands and exhaust
vapors from vacuum pumps, which might go unnoticed
with other solvents, had to be carefully guarded against
when using furfural. How well this can be done with the
equipment now available to the chemical industry is shown
by the fact that with a refining plant capacity of 300 round
barrels of FF wood rosin daily, requiring the use of approxi
mately the same amount of furfural, losses of furfural are
less than one per cent.

considerations, however, have resulted in standardization on
medium grades of rosin. This is influenced chiefly by the
fact that medium-grade rosins produced by means of fur
fural from FF wood rosin will bleach to a color equivalent
to WW and N grades on heating to 575° F.
Analysis of Products
Typical analyses of the I-grade wood rosin and the 13grade wood rosin in comparison with a typical analysis of
FF wood rosin show a considerable change in chemical
characteristics after purification.
FF
R

Acid number
Saponification number
Unsaponifiable, per cent
Gasoline-insoluble, per cent
Melting point (drop method) ° F .
Red
Color (Lovibond)
Amber

I

W ood
o s in

B

W ood
R o s in

W ood
R o s in

163.4
171.1
7 .3
0 .0 6
175.5
2 .7 5
80

152.0
171.0
8 .8 5
4 .5
175.4
120
80

126.0
11.5
5 1 .5
185.0

It will be noted that the gasoline-insoluble content of the I
wood rosin is practically zero, the unsaponifiable content
is lowered and the abietic acid content is increased in com
parison with that of FF wood rosin. The B wood rosin, on
the other hand, contains more than 50 per cent gasolineinsoluble material, its unsaponifiable content is higher and
abietic acid content lower than that of FF wood rosin.

Further D evelopm ent
Research has not stopped with the development of a process
for the production of a satisfactory refined wood rosin.
With this process as a starting point further development
has made possible the production from wood rosin of com
mercial abietic acid equivalent in color to the palest of
American gum rosins, and also has made possible the produc
tion of commercially new esters of abietic acid of good color.

Problems In Plant Operation
In carrying the selective solvent process from the labora
tory to the plant considerable difficulty was avoided by build
ing a complete semi-commercial unit and operating it for
about six months. Although the process lends itself quite
readily to standard methods of operation as practiced in the
steam and solvent plants, it had its full share of “bugs”
usually present in any new process. These, however, were
for the most part caught during semi-commercial operation,
so that going from semi-commercial to plant scale was con
siderably easier than going from laboratory to semi-commer
cial scale.
Most of the difficulties arose in learning how to handle the
relatively new solvent, furfural. Alone, furfural is prac
tically non-corrosive, although it discolors in contact with
iron, but the furfural-gasoline-rosin system proved to be
more corrosive than either furfural or a gasoline-rosin solu
tion alone. This corrosive action is not great enough to
cause serious depreciation of equipment, but the products
of corrosion are usually highly colored substances which
seriously discolor the purified rosin. Iron, steel, copper, and
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T he Flavor of Orange H on ey12
E. K. Nelson
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H P H E pleasant, floral odor of orange honey suggests the
presence of methyl anthranilate. M ethyl anthranilate,
in combination with other aromatic substances, is in grapes
and in the oils of orange flowers, ylang ylang, tuberose, and
of some other blossoms having a pleasant odor.
B y steam-distilling 1 kg. of orange honey obtained from
California and extracting the distillate with ether, a small
residue was obtained which had the powerful odor of methyl
anthranilate and which, in solution, had a distinct blue
fluorescence.
1 Received March 31, 1930.
1 Contribution N o. 81 from Food Research Division.
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Tests for methyl anthranilate were made according to the
directions given by Power (I).
The residue from the ether extraction was dissolved in
2 cc. of 10 per cent sulfuric acid and treated with a drop of
5 per cent solution of sodium nitrite, and the excess nitrite
was removed by urea. The test with beta-naphthol gave
a pronounced reaction for methyl anthranilate. The less
delicate test with dimethyl aniline afforded a fainter, and yet
characteristic, reaction.
Literature Cited
(1) Power, J . A m . Chem. Soc., 43, 377 (1921).
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T he Celotex and Cane-Sugar Industries1
Bagasse or Sugar a By-Product?
Elbert C. Lathrop
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E N years ago the structural insulation industry was being
born. Today it is recognized as an economic necessity
to building construction and many vital industries not
only in the United States, but in Europe and more than
eighty other countries as well. Ten years ago sugar-cane
bagasse was an economic waste, a poor sort of fuel used to
fire sugar-mill boilers. That bagasse fiber as Celotex forms
the major part of the structural insulation sold in the
decade. Its utilization has saved the sugar-cane industry in
Louisiana from extinction and will eventually affect the en
tire sugar world.
To the industrial chemist, answers to the following ques
tions are of interest: From what sources did this industry
spring? Why its rapid growth? To what reaches may it ex
tend? And what will be its influence on our industrial fabric?
The use of heat insulation in building was not new ten
years ago. The briefest survey of primitive civilizations
shows the felt hut of the Tartar, the thatched roof of the
tropical savage, and the igloo of the Eskimo. In the United
States various quiltlike forms of house linings made from eel
grass, flax, animal hair, etc., have been available for half a
century. Just prior to the World War C. G. Muench, in
Minneapolis, invented the first form or rigid synthetic insula
tion using groundwood screenings as a fiber source, though
this material was not then thought of in the sense of structural
insulation as the term is used today. These industries oper
ated in a small way and supplied material to a comparatively
few wealthy house owners on the northern borders of the
United States. The materials also found limited use as in
dustrial insulation in ice boxes, refrigerator cars, and the like.

T

Beginnings
During the war period there came to a small group of young
men, highly experienced in the various phases of the thermal
insulation industry as it then existed, the vision of a new and
great industry. This group, composed of B. G. Dahlberg,
with a genius for business and financial management, T. B.
Munroe, industrial chemist, C. G. Muench, mechanical engi
neer, J. K. Shaw, merchandiser, and M. F. Parsons, experi
enced plant operator, when the signing of the armistice re
leased them from war activities, deliberately set about build
ing this new industry.
The first requirement for the industry was a fiber, wholly
suited to the new product, which would be annually available
in vast quantities throughout both hemispheres. This fiber
must be low priced, and hence must be a vegetable waste
devoid of food or other real economic worth. Laboratory
work was concentrated on this problem and first the wastes
of American agriculture were considered—the fibers of wood,
cornstalks, flax, cereal straws, hemp, etc. A number of
these fibers from the purely technical side showed promise,
producing this or that desired property of the finished board.
Their economic status was not so good, since many of these
fibers had some food value, many were already used in other
industries, and, as wood fiber was early ruled out, the rest
were dependent on the agricultural operations of many
1 R eceived M arch 15, 1930. Presented before the D ivision of Indus
trial and Engineering Chemistry a t the 79th M eeting of the American
Chemical Society, Atlanta, Ga., April 7 to 11, 1930.
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farmers. It was also evident that some of these crops were
transient, and that all involved a collection problem re
quiring the organization of many small communities.
The search was therefore extended to fibers anywhere that
w’ould meet the imposed technical and economic specifications.
In sugar-cane bagasse the search ended. Since then much
more has been learned about bagasse and much more about
other fibers, but the more that is learned the better the satis
faction with that early choice.
Now, sugar-cane bagasse had brought many ventures to a
sad ending. Such ventures were attracted to it because of its
sound economic position. Sugar cane is grown in large con
centrated areas in the tropics and semi-tropics throughout
the world. Table I shows the approximate tonnage of bonedry bagasse fiber.
T a b le I— Y early P r o d u c tio n of D ry B a g a sse 0
B
C

ountry

a g asse

Tons

B
C

ountry

a g asse

T oms

Louisiana and Florida
250,000
Philippines
637,000
Porto R ico
532,000
Australia
532,000
Cuba _
5,156,000
E gypt
90,000
Hawaii
830,000
N atal
265,000
British India
2,735,000
Formosa and Japan
815,000
Java
2,939,000
Brazil
675,000
° Based on figures for 1928-29 in all cases except for Louisiana and
Florida, where the figures are for 1929-30.

Sugar cane is prepared in the field for transportation by
hand-cutting the stalk close to the ground, then trimming off
leaves and soft fibrous tops. The juice is extracted by crush
ing the cane between hydraulically loaded slow-moving rolls,
the fibers being washed by countercurrent extraction to re
move all but the last traces of sugar, as well as all other
soluble organic and mineral constituents. The bagasse as it
leaves the rollers consists of fiber bundles up to several inches
in length associated with pith and containing about 50 per
cent moisture. It is almost pure lignocellulose with a small
amount of unextracted sugar and non-sugars, together with
some gums, waxes, almost no nitrogen, and about 2.0 per cent
ash. The sugar remaining in the bagasse, in the presence of
the wild yeasts, plentiful moisture, and warm climate begins
to ferment in a few hours to alcohol, and lactic, acetic, and
other acids.
Owing to the deficiency in nitrogen and mineral salts,
however, the fiber is much more resistant to deoay than
other agricultural wastes and cannot readily be used to form
humus in the soil. The fiber is light and bulky, for example,
with a mill grinding 2500 tons of cane a day 500 tons of wet
bagasse accumulate—an enormous pile. This material m ust
be disposed of daily in some manner. In most countries it is
burned in specially constructed furnaces to produce steam
for the sugar mill, but it has proved an indifferent, incon
venient, and inefficient fuel, owing to its moisture content,
bulk, and low calorific value. If piled, the material m ust be
burned yearly or large areas are lost to planting. Piles
which have stood for thirty years wdthout very serious decay
of the fiber have been inspected by T. B. Munroe. Owing
to the tough, spiny character of the bagasse, its feeding to
animals without considerable processing is prohibitive.
Attempts to prepare ensilage have been failures. Such con
ditions indicated industrial utilization as the solution of this
waste problem.

450

IN D U S T R IA L A N D E N G IN EE RIN G C H E M IS T R Y

Many industrial attempts to use this fiber had been made
in various parts of the world. Most of these were concerned
with the production of paper or paper-like products. These
processes required cooking with costly chemicals, and gave
low yields, of a product of no outstanding merit, although
acceptable. The costs were either too high to warrant the
actual industrial start or caused business failure when a start
was made.

F ig u r e 1—B a lin g B a g a sse

The technical advantages of bagasse fibers are: purity,
resistance to decay, length, strength, springiness, bulk.
The economic advantages are: the costs of growing, harvest
ing, removing leaves and other non-fibrous tissue, milling,
and washing are borne by the sugar industry; large tonnages
are concentrated at mills provided with rail or water outlets;
the fiber must be used up; its maximum value is that of lowgrade fuel; it does'not belong to a transient industry; all
business dealing in securing fiber is with industrial rather
than agricultural agents; there is cheap local labor.
The technical disadvantages are: refractive character of
fiber, difficulty to produce cellulose pulps at economic chemi
cal costs or yields; high moisture content of fiber, problem of
handling or storing and preserving it in uniform conditions.
The economic disadvantages are: location of sugar mills in
hot climates and somewhat removed from industrial centers;
necessity of replacing fuel by coal, gas, or oil; necessity of
taking fiber away from sugar mill without delay or shut down;
bulky character of bagasse resulting in relatively high trans
portation costs to factory; labor scarcity at time of grind
ing_ These advantages and disadvantages were carefully con
sidered from the viewpoint of starting the industry in Louisi
ana. The processes for making Celotex in the laboratory
called for low chemical costs and high yield, as the developed
methods of fiber preparation were largely mechanical. Oil
to replace bagasse as fuel was readily available in Louisiana
and Texas. The sugar industry was in good condition and
there was sufficient bagasse produced annually in the “Sugar
Bowl” to produce 1 billion square feet of Celotex.
At .the start the chief problem was that of convincing the
sugar planters that the new industry was a sound venture,
and that methods developed for taking the fiber would be
efficient so that the grinding operations would be in no way
hindered, because with the grinding campaign in Louisiana
lasting less than 90 days every day’s work is vital. Methods
of storing the fiber, transportation, and preservation had also
to be developed.
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First Season’s Bagasse Crop
After much persuasion, in the season of 1920 a contract
was made with the Estate of H. C. Minor, operating the
Southdown plantation at Houma, La., whereby their furnaces
would be converted to burn gas and the fuel value of the
bagasse, in addition to a profit, would be paid per dry ton
bagasse on the whole crop. Sufficient equipment and labor
were to be provided to guarantee that there would be no shut
down of the sugar mills. These Southdown mills, grinding
1500 tons of cane a day, produced 300 tons of w et bagasse.
Munroe and Parsons installed a blowing system moving
20,000 cubic feet of air per minute, with a velocity of 5000
feet per minute through a pipe 28 inches in diameter to blow
the bagasse about a quarter of a mile from the mill, the
intention being to bale the bagasse after the grinding sea
son.
The 1920 season’s experiences were daily battles to get the
material away from the mill and it was a happy day when
the last ton of cane was ground so that baling could be started.
Then it was discovered that the standard balers on the mar
ket were not satisfactory. Three different types of machines
were used with the same results—the bales would be tight on
the bottom and loose on top. An extra heavy baler was
designed and put into operation and this type has successfully
handled the material since then, although a number of im
provements have been made, particularly in increasing its
strength and making it semi-automatic. The average hay
baler makes a bale that weighs around 60 pounds whereas
the Celotex baler produces a smaller bale weighing 250 pounds.
This development of a baler was of enormous importance be
cause of its bearing on the problems of storage and transpor
tation.
A crop of fiber being successfully handled, with costs of
collection, storage, and transportation known, the construc
tion plans for a plant at Marrero, La., were put into effect
in 1921 and at the same time financing, sales promotion, and
merchandising were actively pushed. Although installation
of the plant cost more than was estimated, the costs of pro
duction, character of product, and production capacity were
all better than the figures used in the original estimates—
an unusual situation. Operation was started in 1921, but
the plant, comprising one machine, was not commercially
operated until 1922, in which year 18 million square feet
were produced. This may be compared with the present
annual production capacity of approximately 500 million
square feet from seven machines.
Although the process has now been worked out so that it
is comparatively simple and easily controlled, the first few
years were extremely trying, due to mechanical and chemical
difficulties and the inability to control certain stages of the
operation. This was further complicated by the determined
effort to make the process continuous and as automatic as
possible. Troubles started, as noted above, with the handling
of the bagasse at the sugar mill. In the following description
of the process as it has evolved others of these problems will
be discussed.
Bagasse Purchases
All bagasse is purchased from the sugar mill on standard
contracts that permit the buying of oil or gas to replace the
fuel formerly supplied by the bagasse and allow for a reason
able profit besides. This price fluctuates according to the
cost of oil during the grinding season. I t is an important
fact that the sugarhouse boiler plant can be operated more
efficiently on oil than on bagasse, and a few mills found that
they burned less total oil when they sold their bagasse than
when they burned it, so low was the efficiency, owing largely
to the condition of the bagasse.
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The boiler efficiency of the average sugar mill is quite low—
on bagasse burners about 55 per cent, on oil 60 to 65 per cent.
By converting the bagasse burners to oil burners, with
proper type of furnaces, it is possible to increase this effi
ciency at least 10 per cent and in some cases up to a total effi
ciency of 70 per cent. A t the beginning of the grinding
season there is usually an overproduction of steam from
bagasse, inasmuch as the evaporating processes are not in
full operation. The reverse is true at the end of the season—
there is still a large quantity of juice to be evaporated so that
other fuel is necessary to complete the campaign. B y the
use of oil or gas these inefficient periods are eliminated as the
boilers can be adjusted to requirements. The boiler-house
operation is at the same time simplified and it is possible in
practically all cases to cut down the boiler-house crew by
50 per cent.
Baling, Storage, Transportation, Preservation
The blower used in the 1920-21 grinding season was sup
planted with baling stations which were erected on land
leased from the sugar companies. Steam and electricity for
the stations are furnished from the sugarhouse power plant.
The average baling station at a sugar mill grinding 1500 tons
of cane per day has four balers, of which two are always
in operation and at times three. The conveyor from the sugar
mill passes directly over the balers and discharges the bagasse
into a large hopper connected to the feed chamber of the baler.
Three men operate a baler and produce bales at the rate of one
every 45 seconds. (Figure 1) It has been found that by weigh
ing one hundred bales on each watch of 6 hours an accurate
weight of the tonnage purchased is obtained, which corrected
for moisture and non-fibrous content gives the actual bonedry tonnage of fiber. These bales are weighed when being
piled in order to avoid errors due to bagasse falling off the
bale in handling. Two small conveyors are also used to
carry the loose bagasse that falls from the bales across the
platform in the main conveyor into the balers.
All engines driving balers and conveyors are standard and
are interchangeable throughout. Transmission machinery,
such as conveyors, chains, sprockets, gears, bearings, and
shafts, are also standard, so that by storing spare parts
immediate repairs can be made at any station.
The finished bales are either loaded directly into cars to be
shipped to the plant at Marrero or put in small cars, each of
which is equipped with two platforms holding thirteen bales,
or twenty-six bales per car. Five of these small cars are
loaded, then pulled out into the field by a gasoline locomotive,
and the bales are stacked into piles with the aid of locomotive
cranes with caterpillar treads.
These cranes have been found almost indispensable. Origi
nally elevating conveyors were used, but they were too
light and could take material only from one point and de
liver to one point, making the operation too slow. A loco
motive crane can take and deliver a load anywhere within
its radius, and can be easily moved about. The tremendous
saving in labor warrants the high cost of these cranes. As
an example, the first of these cranes eliminated the elevator
conveyor and reduced the loading gang by twenty men, be
sides, markedly speeding up the operation. The cranes are
also used for taking down the piles and loading into cars
for shipment.
In shipping bagasse to the plant almost any type of car
except flat cars can be employed, but by using gondolas into
which a standard number of bales must be packed trans
portation costs can be materially lowered.
The bagasse for a year’s operations is secured in from 60 to
90 days and must be stored. This storage problem was one
of the most important to the industry, since storage not only
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increased costs of raw m aterial,. but caused changes in the
uniformity of bagasse as well. An attem pt had been made
by others to bale and store bagasse prior to 1920. In this
case the bagasse was all practically ruined by scorching and
burning due to spontaneous heating. Attention was given
to this hazard at the beginning of the operations, but never
theless some bagasse was thus damaged the first year or so.
No fires have ever resulted from spontaneous combustion in
the company’s operations. Fire in a bagasse pile is some
what difficult to handle, but can always be confined. The
piles are erected so as to avoid spread of fire and all storage
fields are equipped to fight fires and have continual watch
service.
The bagasse bales are stacked in piles 60 feet wide, 100
feet long, and 30 feet high, each containing 500 tons of fiber
on the dry basis. (Figure 2) The exact number of bales in
each pile is known by means of a ticket system of accounting
during storage. Originally the piles were uncovered, but in
recent years galvanized iron panels 10 feet square have been
laid on the tops of the piles like enormous shingles. They
are fastened by large iron spikes 3 feet long driven down into
the bales and the projecting ends are fastened to the piles
with 3-foot spikes and cables. Sometimes panels are blown
off during tropical storms and have been known to carry a
bale for some distance in their flight. The panels properly
protected have shown a life of at least five years and the
cost of such protection per ton fiber is low. The bagasse is
also given a chemical treatment to protect it against decay,
since even with the use of roofs the tropical rains are hard to
keep out.

F ig u r e 2— P ilin g B a le s o f B a g a sse fo r S to r a g e

In 1923 the field and research departments undertook co
operative experimental studies to determine the extent of
storage losses and ways of preventing them. More than
S50,000 has been spent in such experiments and the results
have saved several times this amount each year since 1927.
It was early learned that there was no way of experimenting
on the small scale, and so each year one sugar-mill crop of
about 20,000 tons fibers has been used for experiments.
This program is still in operation. In these experiments all
bales are weighed into the pile and accurate labor costs of
piling are kept. When the pile is taken down, the dry
fiber content is accurately determined; the cost per tier of
bales of taking down and loading into cars, the transportation
charges, the cost of handling into the plant are all kept, and
in some cases the actual footage of Celotex from a pile is de
termined. During each season a certain number of piles,
are used as checks to determine fiber yield.
I t has been mentioned that the bagasse as it comes to the
baler contains about 50 per cent moisture, a small amount of
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sugar, nitrogen, etc. At this moisture content fermentation
of the sugar can easily take place and within a few hours
alcoholic fermentation followed by acid production is under
way. This fermentation disposes of the sugar. The research
problem in storage consisted of studying the biochemical
processes which might proceed and finding a way to put them
to useful work. This required various types of biochemical
experimentation on a huge scale. As a result several useful
processes have been developed and patented, which apply to
the similar storage of such material as cornstalks, sorghum,
etc.
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exists today, where seven machines are operating and where
machine settings for three other machines are in place, the
completed unit to consist of ten board machines with a daily
production of 2’/ : million square feet.
The process operated in the first mill was somewhat dif
ferent than that used today. A t that time the bales were
received in cars at the unloading platform, the wires taken
off by hand labor, the bales broken into several smaller
sections and then passed by a conveyor through a breaker.
The bagasse was conveyed from the breaker to swing-hammer
shredders, where the fiber bundles were partially torn apart.

F ig u r e 3— F ir st M ills o f th e C elo tex C o m p a n y , M arrero, L a.

The alcoholic or lactic acid fermentation is exothermic, as
is the further oxidation to acetic or other acids. The ma
terial is insulating. Efforts were therefore made to utilize
this heat to dry out the bales and to pasteurize them at the
same time. This process has been fully worked out and, in
addition to keeping the fiber much more uniform in character,
it has decreased fiber loss. Green bagasse was found to be
difficult to handle. It increased refining costs, affected
board properties, and made waterproofing more difficult.
If, however, the fiber was retted by the storing process these
disadvantages disappeared. Pasteurization in the bales
brought about this retting and softening without loss of
strength or springiness of fibers. This process takes care of
the inside bales in the piles, but the outside bales are not
raised to the pasteurization temperature and are wetted by the
rains. The problem of preserving the outside bales has now
been solved and patent applications cover the process. The
cost of the chemical treatment is but a few cents per ton of
fiber stored. The annual fiber loss at present, as nearly as
can be determined by exhaustive raw-material accounting, is
less than 10 per cent, including handling losses. This the
company considers is quite good when compared with other
fiber industries. Other processes of retting, such as storing
under water or in an atmosphere of carbon dioxide, retting
by means of fungi action, etc., have been worked out on a com
mercial scale and are protected by patents. Some of these
may be useful under future conditions of bagasse handling.
The total bagasse purchased this season was around 150,000
tons of dry fiber, or 300,000 tons of damp bagasse as it
comes from the sugar mills. This is equivalent to 15,000
carloads, of which one-third is brought to Marrero at once
and the rest stored at various sugar mills. This must all be
handled during the short grinding season. The handling of
this material requires fifteen baling stations employing about
two thousand men, practically all of whom have to be
boarded so there will be no interference in sugar-mill opera
tions. The average cost of freight to the mill is 85 cents,
and of loading into cars 29.8 cents, per ton of dry fiber.
Manufacturing Process
Figure 3 is a picture of the first Celotex mill in 1922 at
Marrero, La., just across the river from New Orleans. T his
mill contained one machine. Figure 4 shows the plant as it

The fiber was mixed with hot water at about 2 per cent con
sistency and pumped into a long cooker, where it was cooked
at 212° F. for about 2 hours during its travel through the
cooker. It was then washed on horizontal screen washers,
the fiber being pulled forward from one drainage screen to
another, countercurrent to the wash water. Washing was
complete when all soluble organic matter was removed and
no test could be obtained on the fiber drainings with Fehling’s
solution. From the washers the fiber dropped into a half
stock chest preparatory to refining.
R a w - M a t e r i a l H a n d l i n g —A t the present time the bales
are broken open on the loading platform by hand— expe
rience showing this to be cheaper and more efficient than ma
chines—and the half or quarter bales are conveyed on an
endless rubber belt into the cooker room and dropped into
one of sixteen rotary digesters, each 14 feet in diameter.
Filling digesters with the partially whole bales allows more
compact loading and during the first 10 or 15 m inutes’
rotation the bales are completely disintegrated.
C o o k i n g — The digesters are partly filled with a buffered
cooking solution, which prevents too great an increase in acid
ity of the cooking liquor and thus maintains the strength of
the fibers. The purpose of the cooking is threefold: (1) to
get the fibers into a pliable, flexible condition so that they
will respond to the rapidly moving knives of the various re
fining engines without breaking crosswise like tinder; (2) to
loosen up the incrusting material, dissolve out the soluble
organic matter, and break down the easily hydrolyzable gums
from the fibers; (3) to sterilize the fibers.
The cooking is at super-atmospheric pressures depending
on the age of the bagasse and variety of cane, and for a time
which is likewise regulated by these conditions. Hydrogenion measurements are made on cooking liquors in each diges
tor dump as a control measure. W ith the new P. O. J.
canes, which have very hard siliceous rinds and very tough
fibers, cooking conditions had to be learned all over again;
it was also necessary to modify fiber refining considerably.
The fiber from a cook is dropped into a tank, where it must
travel more than the length of the tank before it is pumped to
the wet shredders. The consistency at which bagasse is
pumped is about 2 to 3 per cent, which from the papermakers’ viewpoint is very low. This, however, is about all a
centrifugal pump will handle, since the fiber, being long and
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wiry, drains very freely. The problems of pumping were very
serious in the early days, and even today if the fiber is im
properly handled a plugged pump results.
From the digester pit the fiber is pumped through swinghammer shredders in order to break up the large fiber bundles
so that the washing can be efficient. The size of the ham
mers, size of holes in plates, r. p. m., etc., of these shredders
are adjusted to the type of product being manufactured.
N ote the departure from continuous to batch cooking,
which, however, gives a continuous operation. The present
cooking process is easier to control and better equalizes the
variations in raw materials. This great variation begins to
be understood when it is considered that many varieties of
cane are grown; that during the early part of the grinding
season the bagasse is more poorly milled than later; that
bagasse is purchased from both sugarhouses which have
antiquated mills and those having the latest type of twelveroller mills; and that the fiber ages during storage.
W a s h i n g —Rotary washers of Celotex design, more effi
cient and occupying less floor space per 1000 square feet of
production, have replaced the horizontal ones. In addition
to the dirt which clings to the bagasse and the soluble organic
and mineral compounds, a certain amount of pith is also
washed out. Pith is a good insulating material, but since
the problem in insulation-board manufacture is to get the
lightest weight product with sufficient strength, washing out
some pitch was found economically proper. From the
washers the fiber goes into half-stock chests as in the early
process.

453

could get it out. Several different types of stock chests have
been developed, always being made larger and with more
powerful agitations, until today the chests are about 70
feet long by 20 feet wide by 20 feet deep, having agitators
with great vertical sweeping arms set on horizontal shafts.
These large chests help to level out the irregularities in the
stock.
Into the half-stock chest are put the sizing agents, of which
several kinds are in use today, depending on the type of
product desired. The main agent is, however, papermakers’ rosin and alum. Waterproofing has received very
extensive study by the research department. In 1922 hydrogen-ion control was applied to this reaction in the Celotex
process. The research work on this problem, together with
about three years’ study by a Fellow at the Mellon Institute,
has been directed to the physical chemistry of this reaction
as applied to operating conditions. Now this part of the
process is no longer a source of worry. The relative impor
tance of each of the factors is known and when the trend
toward poor operating conditions appears remedial measures
are taken at once. The problem of sizing an open-fibered
structure like Celotex is far more complex than that of sizing
a paper pulp. However, the Mississippi River water, with its
varying hardness, silt content, and turbidity, is used in the
process and sizing tests are maintained every day. Two tests
are used—for quick control immersion with the board split in
two for 1 hour, and a 24-hour immersion test as a rigorous
check. Much has been learned about the technic of making
these tests, so that every condition— pH of test water, tem-

F ifture 4— P r e se n t M ills o f th e C e lo te x C o m p a n y , M arrero, La.
W a t e r p r o o f i n g —One of the chief difficulties in starting
the operation in 1921 was due to the behavior of the fiber
in the stock chests, which were of the wooden cistern type
supplied with the usual horizontal agitation on vertical
shafts. Bagasse fiber, instead of floating as does groundwood or chemical wood pulp, sinks rapidly. The agitators
were too light and when agitation stopped the fiber sank to the
bottom, setting as solid as concrete so that only pick axes

perature, hydrostatic head, time, etc.— is carefully con
trolled.
R e f i n i n g F i b e r — Celotex is a product that is built.
Structural insulation must be strong, it m ust stand com
mercial abuse in handling, and in order to be a good heat or
sound insulator it m ust be light. The ideal is “light as a
feather and strong as steel.” The exhaustive investigations
into fiber relationship which have been made by the research

454

I N D U S T R IA L A N D E N G IN E E R IN G C H E M IS T R Y

department show that the operating range in producing this
combination of characteristics is narrow.
This building of Celotex really begins with the refining of
the fibers so that there m il be produced the proper propor
tions of fibers of various lengths and widths necessary for the
grade of material being run. In 1922 the attempt was to
produce this combination by means of the beater, using in
addition a Claflin. Bagasse fiber is tough and vary, and this
combination of refining equipment was early found to be

F igu re 5— B oard M a ch in e s In P la n t 2, T h e C elo tex C o m p a n y ,
M arrero, La.

inadequate. Today the fiber is refined through three Claflins,
with occasionally a Jordan in addition, to bring it to its final
optimum conditions of fiber size. These refiners are fitted
with special fillings which have been gradually developed.
Much money and time have been spent in studying the
action of various refining engines, everything known in the
paper and other industries having been tried. Refining is
one of our main operating research problems. The freeness
of the fiber has made impossible the use of any consistency
regulators found applicable in the paper industry, nor have
those of our own design, of which there have been several,
proved satisfactory. A means of proportioning, taking of con
sistency samples, and control of stock freeness has been worked
out, however, which gives exceedingly uniform operation.
P r o c e s s C o n t r o l —Control is uppermost in operation.
One man out of every eleven in the mill is carrying on control
or inspection work. This work falls under the research and
development department activities. Rigid specifications for
every step in the process, for the finished product, and for the
packaging, labeling, and loading of the product are set up
by agreement between sales, operating, and research. The
control and inspection staffs measure against these standards.
No material failing to meet specifications may leave the mills,
but must be reworked like paper "broke.” A group of
chemical engineers at the mill is constantly studying control
and operating methods in order to assist the operating de
partment to improve the process and product.
In connection with the control of refining and fiber size
several instruments have been developed for analyzing and
measuring fibers. The machine tenders and refiner opera
tors have been taught to use these regularly, and they are
on the alert to note and correlate the obscure changes con
stantly going on in this complex operation.
After passing the final refining units the fiber is pumped to
the large machine stock chests and from there to the boardforming machine, where the real test of the preparation of the
fibers comes.
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B o a r d M a c h i n e — In this operation the pulp is changed
from a liquid into a damp board of uniform thickness and
continuous length. This operation is accomplished on spe
cially designed machines which are composed of two distinct
parts, the mold rolls and the presses. (Figure 5) There are
two mold rolls on each machine, 6 feet in diameter and 13 feet
long, covered with wire mesh and together forming the front
end of a vat into which the thin pulp is admitted. These rolls
rotate toward each other, acting like filters. The water drains
out through the wire and a thick layer of pulp builds up on the
wire surfaces. The rolls are so designed that the sheet is not
laminated but is felted together. After leaving the mold rolls
this thick soggy sheet is carried between heavy felts through
the presses, which successively express the free water until
the sheet finally emerges to go into the drier with a moisture
content of 50 to 55 per cent.
The thickness of the sheet and its uniformity of felting are
controlled by dilution of the stock flowing to the mold rolls
and by its velocity. Enormous quantities of water are used
in forming the board, as the pulp enters at 2 per cent con
sistency and is thinned in the head box to 0.5 per cent.
This means that for every pound of fiber in the head box
there are 199 pounds of water, of which 198 pounds are
removed by the machine, leaving 1 pound of water for every
pound of fiber entering the drier. Based on present produc
tion speeds of 200 feet per minute, this is equivalent approxi
mately to 31,000 gallons, or 12 tons, of water drained and
and squeezed per minute per machine.
The operation of these machines is now almost automatic,
and they run from Monday morning to the following Sunday
with only a few minor adjustments and with the minimum
amount of direct labor.

F ig u r e 6— C a n c -F lb e r B oard E m e r g in g fr o m t h e D r y in g O ven
D r y i n g — Prior to the time of Celotex, the driers for boards
were built of four to eight decks and intended to accommodate
sheets only, but in making up the original estimates it was
discovered that there was a trimming loss of about 7.5 per
cent which could be eliminated by handling a continuous
sheet through a long drier. An 800-foot drier was required,
and since no company appeared able to build a drier of this
size satisfactorily, the Celotex' company designed its own.
(Figure 6) B y placing two or more board machines in tandem
and running the sheets produced by the rear machine under
the front machines, it is possible to pass two or more con
tinuous sheets through a drier at one time.
Three driers are now operating, two in plant No. 1, 800 feet
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long, each to accommodate 2 sheets 12.5 feet wide or the
production of four board machines, and one in plant No. 2,
1000 feet long, to accommodate three board machines. The
driers in plant No. 1 are heated by steam. In each of these
driers there are 100,000 feet of 1'/.pinch pipe coils being sup
plied with steam at 175 pounds pressure and 100 degrees
superheat. The coils are in three banks—one below the
bottom sheet, one between the two sheets, and one above the
top sheet. Large Multivane fans provide constant circu
lation of vapors. As the drier is maintained at a temperature
above 300° F., there is no necessity of admitting fresh air.
Water vapor is preferable to air as a circulating medium, it
being a stable gas under these conditions and having higher
specific heat and no tendency to brown or char the board.
The drier in plant No. 2 was designed to be heated by pass
ing the vapors through heaters using oil as the fuel, but during
the last year with coming of the natural gas supply to New
Orleans they have been changed over to direct drying with
gaseous products of combustion. The drier in this plant is
considerably more efficient and is easier to control than those
heated with steam.
In all driers sheets are carried through on 3-inch diameter
rolls spaced on 6-inch centers, equipped with sprockets and
driven by a steel chain. One of the first operating troubles
was with the lubrication of the roll bearings. These rolls
were originally equipped with ball bearings, but owing to the
high temperatures and violent circulation through the drier
it was impossible to maintain lubrication. Scores of devices
were considered, but as one double-deck drier contains 7200
bearings, to put any oiling devices on this equipment seemed
out of the question. A bronze sponge impregnated with
graphite was found to have possibilities, but was too soft
and short-lived. Further study and trial showed that by
enlarging the bearing surface, making the bearing self-align
ing, and polishing up the end of the shaft, this bronze-graphite bearing would stand a temperature of 500-600° F. This
has become standard in all three driers, since it not only oper
ates very satisfactorily, but is simple to install and takes only
a moment to change. This has made possible the direct
heat drier in plant No. 2, where temperatures up to 450° F. are
used.
S e a s o n i n g a n d S a w i n g — The board comes from the drier
in practically a bone-dry condition and will take up about
8 per cent moisture in coming to equilibrium with normal
atmospheric conditions. In order to season the board,
therefore, it is sprayed with clean water as it emerges from
the drier. The sprinkled sheets are piled onto trucks and
the moisture quickly diffuses through them and brings them
to the proper point of regain. This seasoning is very im
portant from the standpoint of avoiding buckling when the
sheet is used for construction purposes.
After the board is sprinkled it is automatically cut into the
desired width and length by revolving knives. These knives
run at slow speed and have emory wheels attached directly to
them to keep them sharp. The most difficult problem in
connection with the trimming apparatus was the design of
the knife for cutting the board to length, as it had to be
readily changeable to m eet different speeds and length of
board. This consists essentially of a revolving knife mounted
on a carriage traveling on a track adjustable with respect to
the moving sheet. To cut square with the sheet the track
sets at such an angle that the carriage in its travel across is
also moved forward at the same speed at which the sheet is
traveling. The cutters are arranged for stopping and starting
with solenoids, magnetic clutches, and electric switches, which
are more accurate and easier to maintain and operate than the
original mechanical trips.
After the board is cut it passes to the retrimmers, who cut
the sheets to the exact sizes required and who give visual
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inspection to the product. In retrimming and all cutting
operations settings and rules are used which take into ac
count the exact expansion of Celotex from bone-dry to the
moisture conditions under -which the product will be used.
I n s p e c t i o n — To each truck as it is loaded is attached a
tag which holds the truck from production until the labora
tory tests are completed to determine if specifications for the
particular class of board being manufactured are met. The
inspection department follows the product through the
finishing process and further tests and inspection are given
in the course of fabrication operations. The packaging and
loading of the product are also given careful inspection.
Complete records of, and samples from each truck load are
kept so that if questions arise the characteristics of the
material are immediately available. All products are covered
by manufacturing specifications, whether or not they are
purchased on specification requirements.

F iß u r e 7—D r illin g H o le s in A c o u s tl T ile
F a iîp . i c a t i o n —In the early years only one product was
manufactured—i. e., standard building board—but with the
increasing knowledge of the uses of Celotex in building con
struction, and particularly in the industries, an ever widening
list of products is made. The major products are standard
building board, industrial board, lath, roof insulation, railroad
insulation, refrigerator insulation, fabricated mechanical re
frigerator insulation, carpet lining, linoleum base, absorption
board, core stock, radio baffles, and Acousti-Celotex. In
developing this diversification many manufacturing problems
have had to be solved, not only in producing boards having
certain physical properties, but in their fabrication as well.
Celotex is laminated in sizes 4 by 12 feet to almost any
thickness, using adhesives specially designed for the con
ditions to be m et in the use of the product. The manu
facturing plant is prepared to punch, drill, bevel, sand, notch,
staple, cut circles, saturate with chemicals, and completely
fabricate Celotex into many shapes. This part of the busi
ness has grown so that a special fabrication department has
been added to the operation.

A cousti-C elotex
This product is a specially fabricated tile made by lami
nating Celotex into two or three layers, cutting into tile of
standard sizes, and drilling the tile almost through with 441
holes per square foot. (Figure 7) The purpose of these holes
is to increase the natural sound-absorbing properties of
Celotex. The drill is of Celotex design and takes about one
year to manufacture, there being only two companies equipped
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for such precise work. Each of the 441 drills has ball bear
ings and is driven separately. After the tiles are drilled, the
surfaces are sanded and the edges are beveled. The tiles
are then put through a spanking machine to remove the dust
from the holes. The finished tiles are inspected and a repair
department has been added to mend defective tiles. This
department saved more than S50 per day when it was in
stalled almost two years ago. Additions are rapidly being
made to the facilities for the manufacture of this high-class
specialty, which is finding increased use in business offices,
public buildings, auditoriums, and homes, where quiet is more
and more an essential requirement.
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Sheathing tests,« wall sections built of standard
studding and Celotex building board,^ or
studding and horizontal wood sheathing,
usually 8 by 12 feet, firmly bolted on lower
edge and pulled on upper edge to distort
them. D istortion at thrust of 1600 lbs.:
Celotex-sheathed partitions, in.
0 .0 4 °
W ood-sheathed partitions, in.
5 .5 4 °
« R . W. H unt Co.
b Armour Institute.
c U niversity of Illinois.
d Curtis Lighting, Inc.
« Celotex Co., Tech. Note 6A (July, 1927).
/ U niversity of M innesota.
o Columbia University.
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Thickness, inches
12
V«
D ensity, referred to water as 1.0
0.1 5 0
0 .3 1 0
Weight, lbs. per cu. ft.
9 .3 6
19.34
Tensile strength, lbs. per sq. in.
125
400
Modulus of rupture, lbs. per sq. in.
220
600
Modulus of elasticity, lbs. per sq. in.
20,000
45,000
Surface hardness
180
75
Permanent set under compression (building boar« • a
720 lbs. per sq. ft., %
0 .6 2
5040 lbs. per sq. ft., %
2 .9 0
36,000 lbs. per sq. ft., %
21 .8 6
Internal felting strength, lbs. per sq. ft.a
700
1160
Plaster bond, lbs. per sq. ft.a
700
1160
Puncture resistance (building board), ft-lbs. per
lVs-in. diam. spear
300
Water absorption (mfr.’s spec.)
N o t to exceed 50% in 
crease in weight in 24hour immersion
Surface tension of liquids to wet, dynes per sq.
cm.
44
Linear expansion from relative humidity 35 to
70 %. %
0 . 15
0 .2 0
Increase in thickness saturated with water, ap
prox. %
10
Thermal conductivity, B. t. u. per hour per sq. ft.
0 .2 7 9
0 .3 3
per inch per ° F.
(building board)
Resistance to air infiltration at velocity: b
27V t miles per hour per sq. ft. per hour infiltra
tion, cu. ft.
0.0
55 miles per hour per sq. ft. per hour infiltra
tion, cu. ft.
1 .4
R elative dielectric constant 0 /a in.) b
.33
Breakdown voltage (Va in.)«
100,000, no continuous
path
Light reflection:«*
N atural color, %
4S
Painted white, %
66
R adius of curvature w ithout breaking:
*/* ip. thick, in.
2
V u in. thick, in.
24
Can be molded steam ed 7/i*-in. thick on 10-in, radius

0 .3 0 ff
5.02*
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70
70
70
70
70
70
70
70

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

B U R E A U O P STA N D A R D S

90
90

1 4.8
14.8

0 .3 4
0 .3 4

S o u n d -A b s o r p tio n C o e ffic ie n ts
A

c o u s t i- C e l o t e x

(Compiled from laboratory tests by F. R . W atson, Vern O. Knudsen, Paul
E . Sabine, U . S. Bureau of Standards, and from field measurem ents of
A cousti-C elotex installations)
128
Frequency
256
512
1024
2048
4096
Coefficient:
T ype BB
0 .2 8
0 .4 2
0 .7 0
0 .7 4
0 .7 7
0 .7 7
0 .2 2
T ype B
0 .2 8
0 .4 7
0 .5 3
0 .6 2
0 .6 2
0 .1 4
T ype C
0 .1 6
0 .3 0
0 .4 5
0 .5 7
0 .5 5
C

P

S

° F.

11.4
12.8
1 3 .0
13.2
13.75
14.1
14.7
14.9
13.2

Properties of Celotex
After eight years of manufacture and research, the engi
neering properties of the cane-fiber insulation products manu
factured under the trade-mark “Celotex” are fairly well
understood. Because of the diversity of these products some
of the properties are shown as maxima and minima. In
some cases the properties given are the results of tests, made
outside of this company, as indicated.

0 .0 3 5 /
4 .1 0 /

a x im u m

T h e r m a l C o n d u c tiv itie s as C o m p a r e d w ith D e n s itie s a s O b ta in e d by
A r m o u r I n s t it u t e a n d U. S. B u r ea u o f S ta n d a r d s

By-Products
As indicated above, a certain amount of pith is washed out
of the fiber. B y collecting this on a Save-all, washing it,
and putting it through a rotary drier in a specially built plant,
several thousand tons of a special, extremely light, porous
product are being shipped annually to the explosive indus
tries. A strict specification for manufacture of this material
is set up.
In the fabrication department a large daily tonnage of dust
results. It appears that the grinding of this dust will supply
the plastic industry with several grades of molding flours.
At the same time, by the development of this by-product
considerable long fiber separated from the dust can be returned
to the process.
Repeated efforts have been made to dipose of the baling
wire, but thus far its only use has been to build up the levee
on the Mississippi in front of the mills. A development is
now under way which will dispose of a considerable tonnage.
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elotex

Abso
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(T ested by Vern O. Knudsen)
128
256
512
1024
0 . 2S
0 .2 8
0 .2 8
0 .3 2
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Coefficient
C

elotex

S
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(T ested by F. R . W atson)
256
512
0 .1 8
0 .2 6

Frequency
Coefficient

2048
0 .3 3

4096
0 .3 8

oard

1024
0 .2 4

2048
0.12

Uses of Celotex
One division of the research and development department
is devoted to finding sales outlets for the products and to
developing the specifications of application for such uses.
All specifications are based on engineering tests carried on in
the company’s laboratories as well as in the field. Many
uses have been found for this family of low-density products,
among which some of the m ost important and of the
most unusual are as follows:
B

u il d in g

C

o n s t r u c t io n

I

Sheathing
Plaster base
Base for wall paper, plastic
paints, etc.
Interior finish
R oof insulation
Sound absorption and quieting
* of offices, auditoriums, etc.
Sound insulation floors and
partitions
Carpet lining
Linoleum base
Exterior finish camps and
cabins
M

n d u s t r ia l

U

ses

Railroad refrigerator cars
M echanical and ice refrigerators
Ice cream, b ottle dispensary» and
similar cabinets
R adio baffles, cabinet linings, hous
ings
Cores for wood, steel, resin veneers
Autom otive dash pads, tops, floor
coverings, anti-drum
Insulated truck bodies
Aircraft and hangars
Expansion joints, concrete
D eadening machine vibration
Special packaging
Signs
is c e l l a n e o u s

Blackboards
Bulletin boards
Pipe gaskets
Mirror backs
Tennis-court surfaces
Whaling-gun wads

U

ses

Art screens
Oil filters
Archery targets
R adiator shields
T able pads

Market for In sulation Products
The value of using insulation in construction is gaining
wider acceptance and certain national issues, such as the
growing scarcity of fuel, the desire for greater comfort, create
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their own demands for insulation products. The use of the
more expensive but more convenient fuels, such as gas, oil,
and electricity, is made possible to those of moderate means
by insulation. This step will be followed surely, and in the
near future, by the demand for homes and offices to be con
trolled, not only as to temperature, but also as to purity and
humidity of air.
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It would be unfortunate in this industry for the price of so
valuable a commodity for the comfort of living to be main
tained at a high or fictitious level. When the price of the
commodity is decreased, production will have become greater
and sales and advertising costs less. As this change comes
about the relative economic importance of sales and produc
tion effort will shift until these two will become equal and
finally the ability to produce at low cost will be
the deciding factor of leadership. In looking
ahead to such a time there are three important
economic manufacturing factors:

(1) In this industry the manufacturer pays freight
to destination and the material is sold on a footage, not
a tonnage, basis. Any reductions in weight, therefore,
are reflected in immediate reductions in freight costs.
When it is understood that the Celotex freight bill in
1929 was more than SI,300,000, the importance of
this item is appreciated. A lighter product, provided
strength and other physical properties are maintained,
is a better thermal insulator, and therefore a superior
product. A reduction in weight will also decrease the
consumption of raw materials and lead to lower dry
ing costs.
(2) Drying is a very large item in manufacturing
cost, and that manufacturer who can put a board of
the lowest moisture content into the driers to produce
a finished sheet of equal or better thermal insulation
value and maintain other physical properties of funda
mental importance will have a decided advantage.
F ig u r e 8— S u g a r M ill o f 4 0 0 0 -T o n D a ily G r in d in g C a p a c ity , S o u th e r n S u g a r
(3) Raw-material costs constitute the third item of
C o m p a n y , C le w isto n , F la .
major importance in future manufacturing cost consid
erations. The study of this subject and the effort by
the company to insure its supply of raw materials at low cost has
Much has appeared in the press, particularly in connection
with the utilization of agricultural wastes, regarding this resulted in one of the most interesting agricultural developments
in the country and was almost directly responsible for the rehabili
almost unlimited market for insulation products, the impli
tation of the rapidly dying sugar-cane industry in Louisiana.
cation being that this market m ay be had for the mere
reaching out for it. The sales record of the Celotex Company
Introduction of P. O. J. Canes
is as follows:
In 1920 there was enough sugar-cane bagasse produced
Square feet
Square feet
Square feet
annually in Louisiana to manufacture one billion square feet
1022
18,900,000 1925
1928
200,050,000
of Celotex. In 1923, however, just as the Celotex industry
(14 mo.) 105,782,000
1923
34,920,000 1926
190,000,000 1929
333,225,000
was
getting well under way, it began to appear that the sugar
1924
1927
237,350.000 1930
(10 mo.) 54,918,000
(estd.)
400,000,000
business in Louisiana was rapidly on the way to failure.
A study of this record shows that the optimistic figures given
by some agencies are far from being reached. Further, a
considerable portion of the footage shown as sold during the
past few years did not go into construction industries. It
was used for industrial purposes where the manufacturing
problems are considerably more serious than for construc
tion materials owing to fabrication, or was exported over
seas. This potential market, which is believed by all serious
students to be very large, will therefore be reached only by
education and sound merchandising. Such work naturally
produces high sales and distribution costs.
At the present time the writer would list the efforts to be
put into the various branches of a successful business in in
dustrial insulation manufacture as follows: production 25,
financing 10, merchandising 65 per cent. In rating the pro
duction problems and effort so low, it should be recognized
that these problems are many and serious, since every
manufacturer to date has been compelled to spend about a
year or more trying to get his mill to operate so that a mcrchandisable product is made.
F uture Econom ic Factors
The price trend in the industry has been to lower levels
from the start, and this trend will continue. Since 1922
the Celotex Company has made four price reductions to the
dealer, the last being in 1928 when in addition a credit was
given as well for stocks on hand. Several manufacturers
are now in the field, and others are considering entering.

F ig u r e 9—C r u sh er a n d 1 8 -R o lle r C h a in S u g a r M ill, S o u th e r n
S u g a r C o m p a n y , C le w isto n , F la .

Various reasons were assigned to explain this, but E. W.
Brandes, of the U. S. Department of Agriculture, had been
studying the matter, and it was his belief that the failure
was due to the fact that the canes being grown in Louisiana
has become so weakened that they could not long continue
to withstand the normal rigors of weather, insects, parasites,
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F ig u re 10— B rea k in g L a n d a t N ig h t fo r P la n tin g C a n e, S o u th e r n
C o m p a n y , F lo rid a
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crippled. The banks that had carried the indus
try during these bad years would not give any
more assistance.
A t this juncture a financing group was organ
ized, the Celotex Company feeling that only by
such a step could the industry be saved. This
group subscribed a sum which was used as
collateral for loans to the planters from the
Federal Land Banks. These loans wrere made
with the understanding that the new P. 0 . J. canes
must be planted and that the recommendations
of Brandes and Rosenfeld as to cane culture
should be followed. In 1927 the areas planted
with these canes gave yields of about 20 tons per
acre, and in 1929 about 250,000 tons of cane were
grown in Louisiana, some fields yielding 40 tons
per acre; this despite a very wet month of
November and some disastrous freezes. This in
dustry has come back and 1930 will probably
Sugar
see one of the largest sugar crops ever grown in
Louisiana.
The P. O. J. canes were known to produce a larger amount
of fiber than the old Louisiana
canes, so in order to encourage
further the planting of P. O. J.
c a n e s , the Celotex Company
revised all bagasse contracts.
In 1930 more bagasse will be
p r o d u c e d in Louisiana than
was counted on in 1920 as a
maximum.

etc., and produce sufficient tonnage of sugar to yield the
industry a profit. Indeed, he
predicted the decreasing rate of
yield over the next few years
for canes then planted.
In the opinion of the Depart
ment of Agriculture based on
Doctor Brandes’ studies, the
remedy for this situation was
to cease planting the ca n es
then in culture and to plant
The Florida Project
certain varieties of cane pro
duced in Java by scientific cross
b r e e d in g . These canes are
The investigations made by
known as P. 0 . J. varieties, cer
B. G. Dahlberg and his asso
tain of which were known to
ciates into cane-sugar manu
mature early, to withstand the
facture in the leading sugarcold, and to be quite resistant to
producing countries, as well as
mosaic and certain other cane
the experiences in L o u is ia n a
diseases which were ruining
in 1 9 2 3 to 1 9 2 7 , convinced
Louisiana cane culture. The
them that the securing of fiber
American Sugar Cane League
from the sugar industry was a
F ig u r e 1 1 - C ane P la n te r a t W ork o n P la n t a t io n s of th e S o u th e r n
obtained the services of A. H.
S u g a r C o m p a n y , C le w isto n , F lo rid a
job but half done. The Celo
Rosenfeld as consulting sugar
t e x in d u s t r ie s were founded
cane technologist and his independent study of the situation
on the economic premise that the world supply of bagasse
led to the same conclusions that Brandes had reached.
was sufficient for years to come and that its price w’ould
While this matter was being studied the pro
duction of cane in Louisiana was becoming less
each year and the situation was as serious to the.
Celotex Company as to the sugar planters. In
1926 the Celotex Company was compelled to im
port bagasse from Cuba and Trinidad. Bagasse
was found to be a very expensive raw material
under such conditions. During this period also
T. B. Munroe for the company made a thorough
study of conditions in Australia, the Philippines,
Hawaii, Cuba, Porto Rico, and Egypt to con
sider the advisability of manufacturing abroad.
By 1926 conditions came to a crisis in the sugar
industry in Louisiana, the average yield of cane
being 6.7 tons per acre. M any planters were
willing to try the new canes. There was a con
siderable acreage of seed cane of the P. 0 . J.
varieties growing at the Southdown plantation,
whose management had decided several years
previously that only by growing such canes could
t h e in d u s t r y be rehabilitated. The planters
F ig u re 12—S u g a r -C a n e H a r v e ste r P lo w in g I n to C a n e o n P la n t a t io n s o f th e
w e r e , h o w e v e r , disheartened and financially
S o u th e r n S u g a r C o m p a n y , F lo rid a
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remain relatively unchanged, while the price of wood fiber
was bound to increase. There was ample evidence that
scientific principles, particularly with regard to agricultural
practices, awaited application in the industry and that by
such methods better fiber could be produced and costs in
producing not only fiber, but also sugar, could be lowered.
Further, it was evident that sugarhouse efficiencies re
sulting from the replacement of bagasse as a fuel would lead
to other savings.
W ith these points in mind the South Coast Company, a
company affiliated with the Celotex Company, was organized
in Louisiana in 1927. This company owns about 50,000
acres of plantation lands and operates
five mills in Louisiana having a daily
grinding capacity of 6500 tons. The
properties purchased were badly run
clown, both as to lands and mills, and
the first job has been to rehabilitate
them. This has been done by the
application of the best engineering,
agricultural, and scientific informa
tion and talent available.
A t the same time investigations in
dicated that the most suitable place in
continental United States for cane
culture, on a large scale, lay in the
Everglades lands on the' rim of the
south shore of Lake Okeechobic,
Fla. It m ay be mentioned here
that Harvey W. Wiley had empha
sized many years before the potential
value of these lands for agriculture.
The advantages here were richness of
soil, necessary rainfall, climate with
comparative freedom from killing
frosts, long growing season, and
the fact that these lands were ideal
for the application of mechanical
F ig u r e 13— S u g a r C a n e o n
methods of cane growing and har
C om pany,
vesting.
Two major problems had to be solved. The Everglades
had been the Eldorado of many a hope that ended in disaster,
due to the inability to control the water. It was also neces
sary to prove, not only that these muck and peat lands were
suitable for growing cane, but the sugar content of the canes
and the purity of the juices would be satisfactory for sugar
house economics.
Both of these problems have been successfully commercially
solved. The drainage problem was tackled from the stand
point of self-reliance—that is, not counting on state or federal
aid in gaining water control. Drainage engineers threwr
up dikes around each drainage district, dug main and lateral
drainage canals, installed large pumping stations where water
could be pumped either from the lands into the lake or
vice versa, as the needs of the growing cane required. Today
some 60,000 acres of this land are under complete water
control, and water tables are maintained for optimum con
ditions at will. The test of this system has been two heavy
storms, one a hurricane, which passed over this area in 1927
and 1928, when the growing cane was not damaged to any
great extent and the water did not get out of control long
enough to damage crops.
The U. S. Department of Agriculture has maintained a
Sugar Experiment Station at Canal Point for about a dozen
years and in 1922 and 1923 a small sugar mill at Canal Point
ground cane in every way satisfactory for house efficiencies.
The milling operations at Clewiston last year and now, more
over, support this.
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The Southern Sugar Company, a sister company to the
South Coast Company, was organized in 1926 as another of
the Dahlberg Sugar Cane Industries. This company today
owns or controls approximately 170,000 acres of these Ever
glades lands, of which about one-third is now under complete
control, and more than half under partial water control.
Twenty-five thousand acres of this drained land are growing
cane now and 11,000 acres are now being harvested for grind
ing and for seed. The company is now operating at Clewis
ton a sugar mill of 4000 tons daily grinding capacity, equipped
with the m ost modem improvements. (Figure 8) This is
the largest sugar-cane house in the United States. The mill
ing chain consists of knives, a crusher,
and eighteen rolls. (Figure 9)
The bagasse leaves the rolls at 48
per cent moisture. In the house are
Webber evaporators of the newest
design, Wright filters, etc. The boiler
plant is so designed that all the steam
required by the house can be gener
ated with 8 per cent fiber. Since the
canes in this area have a fiber con
tent of from 12 to 15 per cent, this
leaves a surplus of 4 to 7 per cent
fiber for the fiber industry on which
the only cost will be the handling
charge into the plant.
These Everglades lands are abso
lutely flat, are free from stones and
stumps, and are composed of friable
peat or muck soils with more or less
sand mixed in some areas. They are
ideal for handling by mechanical
equipment. (Figure 10) Cultivating
and planting are carried on by a fleet
of 100 tractors, pulling plows, disks,
etc., running 24 hours per day. A
machine has been developed and built
F ie ld s, S o u th e r n S u g a r
by the Southern Sugar Company
F lo rid a
which plants the cane and applies
the fertilizer. This cultivating and planting equipment is
planting 400 acres a day. (Figure 11) The South Coast
Company undertook to develop a cane harvester, and at the
end of the 1929-1930 grinding season two of these harvesters,
designed by C. G. Muench, were operating quite satisfactorily
in Louisiana. (Figure 12) For some of the heavier canes
which tend to lodge this harvester will have to be modified.
Engineers of the Southern Sugar Company have also designed
and built a cane harvester along somewhat different lines,
which, although not so far perfected as the South Coast har
vester, displays features of promise.
There are some interesting and difficult soil and agronomy
problems in connection with cane culture in the Everglades.
Almost everyone was willing to concede that the black
mucks lying near th e rim of the lake, called “Custard Apple”
lands, would grow cane— indeed this season these lands are
averaging on plant canes 63 tons per acre. (Figure 13)
M any thousand acres of the properties, however, were inun
dated and at the tim e of installation of drainage were growing
saw grass. It was said that these lands would not for years,
perhaps never, be suitable for cane culture. It has been
found, however, that cane can be grown on these soils drained
from the saw-grass condition in as short a tim e as six months
if 75 pounds per acre of copper sulfate are added. Fifteen
to twenty tons of cane are grown the first year under such
conditions. Other elements, such as manganese, are also
found beneficial. Without this treatment these raw lands
■will not support cane until better aerated and weathered.
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plant where developments could be carried on. This plant is
Certain varieties of cane are particularly adapted to these
now
being operated, supplying its regular line of products
various soils, varieties having been found yielding 96 tons
and the replacement of bagasse in various furnishes is pro
per acre. The problems of cane varieties, cane pathology,
ceeding satisfactorily. This mill is now supplying all the
soils, agronomy, fertilizers, and drainage are being studied in
wrappings for Celotex products.
a fine new laboratory at Clewiston. This undertaking, as
One of the outstanding developments thus far is that of
was the case with the earlier Celotex venture, is being handled
with the recognition that the advances made will be the re corrugating paper. Investigations under way cover the use
of bagasse for a variety of paper products, but it is proposed
sult of planned research endeavor.
to announce these only after the semi-commercial scale work
It is planned to produce annually at least 500,000 tons of
sugar on these Florida properties. This will result in the pro is complete.
B a g a s s e a n d t h e R e s i n I n d u s t r y —A product of con
duction of large amounts of molasses, about 500,000 tons
siderable interest is “bagasse felt,” which is manufactured
of bagasse, and many thousands of tons of cane tops which
can now be secured as a by-product with the development of on a paper machine from fibers much like those in Celotex.
mechanical means of harvesting. Such estimates depend .T his sheet runs from 25 to 90 caliper. This type of felt
on the length of the grinding season in Florida, which is has distinct advantage as a base for impregnation in the
thought to be 5 or 6 months. The tonnage and character of manufacture of synthetic-resin laminated articles. The
fibers can be so handled that the amount of resin absorbed
the fiber will also depend to some extent on the varieties of
cane grown. Cane varieties will be selected from the stand is controlled and articles containing as low as 10 per cent
resin can be satisfactorily made. The field for this felt seems
point of fiber and sugar contents as well as yields per acre.
to be very large, since it will be one of the chief factors in
When the above production is added to that of the South
bringing about lower costs in the plastic field.
Coast Company and Cypremort Company (1929), this will
The use of bagasse fiber of various sizes, pith, and ground
constitute one of the largest sugar operations in the world
bagasse in making molded resin products is showing likewise
under one management. The South Coast Company is now
great promise. The advantages seem to be freedom from
the largest sugar-cane producing company in the continental
resins, uniformity of product, control of resin absorption,
United States.
and the necessity for the long, strong fibers in certain prod
Taking into account present contracts with sugar planters
ucts.
of Louisiana, as well as the South Coast Company and the
Southern Sugar Company developments, the Dahlberg
C onclusion
Sugar Cane Industries, when their present program is com
plete, will control about 1 million tons of dry cellulose as
The interest in the developments lies not only in the fact
bagasse annually. Most of this fiber will be obtained under
that the commercial utilization of bagasse in the manufacture
great economies of operation and management. The de
of Celotex products represents what is one of the world’s
velopments made in these operations, moreover, will be
most successful utilization of agricultural by-products, but
directed toward improvement in quality and decrease in
also because the utilization of this by-product has m ost
cost of fiber. It is believed, therefore, that this procedure
profoundly changed the viewpoint in the sugar industry.
will eventually produce the lowest cost fiber in the world.
This industrial group now conceives the sugar industry
In this connection, it must be recognized that it is possible
as one either devoid of by-products or made up only of by
to organize other agricultural crops so that a low-price fiber
products. The securing of fiber and sugar is being thought
will result. However, the same economic factors must be
of, not in terms of agriculture, sugar milling, fiber manu
realized in the matter of complete industrialization of the
facturing, but as a continuous inter-related and interlocking
operation from the soil through the varieties of the crop
industrial problem, beginning with the drainage and char
planting, harvesting, collecting, etc., to the finished manu
acter of the soil and ending with the finished fabricated article
factured articles, comprising complete economic utilization
in the hands of the customer.
of each and every product as is realized in the sugar opera
The successful industrialization of this age-old distinctly
tions discussed.
agricultural industry of the growing of sugar cane, may, it is
believed, have great bearing on the whole problem of agri
Other Bagasse Products
cultural economics today.
Behind every success there are clean cut causes. In the
The rapid come-back of the Louisiana industry,. together
with the Florida developments, supplies a large surplus of beginning of this industry there was leadership, the best ex
perience in all departments of the industry as it then existed,
bagasse, and the possibilities of other uses for this form of
and in addition there was a vision of a basic world-wide in
cellulose are being intensively studied.
dustry and a clear recognition that the foundations of the
H a r d P a n e l B o a r d — During the past year and a half
business must be careful research before action. The strides,
laboratory and semi-commercial experimental work has
then, which the industry has made so far, are wholly logical
resulted in the production of a superior hard panel board
and expected, the element of chance playing little or no part.
made entirely of bagasse. This product has a highly polished,
very uniform surface, is very strong, and will find wide in
dustrial use. It is now being sold in small volume since
the semi-commercial unit has been put on a production basis.
Examination of Old Newspapers
A plant will probably be built in Florida for the manufacture
of this article in large volume.
Samples of old newspapers printed in America and taken
from the files of the New York Public Library were examined
P a p e r —It has been known for years that satisfactory
at the Bureau of Standards in reference to their state of pres
paper of certain kinds could be manufactured from bagasse,
ervation. The papers were first graded jointly by three persons
but hitherto such processes have not been commercially sound.
with consideration of color and strength. Five different grades
The major item has been the cost of the bagasse. The han were observed. The best grade was designated No. 1 and the
poorest. No. 5. The No. 1 papers were in excellent condition,
dling problems of this fiber have been solved by the Celotex
haying good color and strength. They showed little or no
Company and the fiber costs are being materially lowered for
evidence of deterioration. The papers of No. 5 grade were
this group of industries. In 1928 the company purchased
badly deteriorated. They had a deep brown color and prac
the Chas. Boldt Paper M ill at New Iberia, La., largely as a
tically no strength, breaking with one fold.
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T he Synthetic-Fiber Industry of A m erica1
Chas. E. M ullin
C

HE m a n u 
facture of the
■ s y n th e tic
fibers is r a p id ly
becoming one of
the most impor
tant branches of
two major indus
tries in the United
States — the
chemical and the
textile industries.
The growth of this
industry since the
war has been tre
m e n d o u s, e s p e 
cially during the
la s t few y e a r s ,
probably exceed
ing that o f a n y
other b ra n ch of
either of the two
m a jo r industries
mentioned.
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e x t il e

School. C

lem so n
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, S. C.

e q u a l l y suitable
for the manufac
ture of synthetic
y a r n s a n d in
America only puri
fied cellulose from
cotton linters and
wood pulp is used.
A few o t h e r
sources are used
abroad for rayons
of inferior quality.
In each process
the natural cellu
lose is well puri
fied b y b o i l i n g
with sodium hy
droxide s o l u t i o n
under pressure in
c l o s e d kiers fol
lowed by bleach
in g with sodium
I n d u s tr ia l R a y o n C o r p o r a tio n ’s P la n t a t C o v in g to n , Va.
hypochlorite solu
tion. During the
N ote— W hile the term “ rayon’' was a t one time used collectively to cover
last process it is also beaten in a hollander to give shorter
all the synthetic or m anufactured ccllulosic yarns, it is now most often applied
fibers. The purified cellulose is treated by a special process
to the yarns manufactured by the viscose process, although it is also used as a
to bring it into solution or to render it soluble in certain
collective term for the three types of regenerated cellulose yarns, nitro, cupra,
solvents. The various methods by which the cellulose is
and viscose. T he term “synthetic yarn" is applied particularly to products
made by the acetate process, such as the Celanese brand yarns, but it is also
brought into solution form the major differences in the various
used to cover all the manufactured fibers, as in the present paper.
processes of synthetic-fiber manufacture.
In each process this cellulose solution is spun to give the
A t the present time the United States produces almost as
much synthetic yarn as the next three largest producing coun actual filaments, which when collected and twisted together
tries—Italy, England, and Germany—combined, and about form the thread or yarn. In each of the spinning processes
the cellulose solution is forced through fine holes, usually in a
two-thirds of this American production is from plants located
small metal plate called a spinneret, into a liquid or air which
south of the old Mason and Dixon- line. Table I gives the
neutralizes or removes the solvent and coagulates or precipi
world’s rayon and synthetic fiber production for 1929, by the
tates the cellulose filaments. In most processes the spin
various processes. Table II gives the estimated production in
nerets have m any fine holes, the exact number varying with
the United States by various companies for 1929 and 1930.
the number of filaments desired in the yarn, and the filaments
Table III gives the location of the various plants and variety
from each spinneret are collected and twisted together to
of yarn manufactured.
form a single thread. In the pot-spinning process, so widely
M anufacturing Processes
used in the manufacture of rayon by the viscose process, this
twisting proceeds simultaneously with the collecting of the
There are four quite different general processes in use for
filaments. In the bobbin-spinning process the filaments are
the manufacture of the synthetic fibers, and all of these are
twisted by a separate and special process after spinning.
used in the United States.
The above is merely a very brief outline of the general
(1) Cellulose nitrate process, used in producing Tubize yarn.
process by which all of these yarns are manufactured, the
(2) Cuprammonium process, giving Bemberg yarn.
exact details of each process varying widely from those of
(3) Viscose process, used for viscose yarn or rayon.
the other processes. The various steps may be summarized
(4) Cellulose acetate process, giving Celanese brand yam.
roughly as follows:
While these processes resemble each other more or less in a
(1) Purification and bleaching of the crude cellulose.
general way, they differ quite widely as to the exact details of
(2) Solution of the cellulose by various chemical processes.
procedure.
(3) Aging or ripening of the cellulose solution (viscose proc
The same raw material, cellulose, is used in all four proc ess only).
(4) Filtration and de-aeration.
esses, and, theoretically at least, almost any source of cellu
(5) Actual spinning of the cellulose solution.
lose can be used for this purpose. In practice it has
(6) Twisting together of the individual filaments to form the
been proved that the cellulose from all sources is not
yarn.
1 R eceived M arch 7, 1930. Presented before th e General M eeting
(7) Removal of impurities or other undesirable chemicals
under th e auspices of the D ivision of Industrial and Engineering Chemistry
from the yarn (in all processes except the acetate process).
at the 79th M eeting of the American Chemical Society, Atlanta, Ga., April
(8) Bleaching, washing, oiling, drying, inspecting, and wind
7 to 11, 1930.
ing the yarn.
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T ab le I— E stim a te d P r o d u ctio n o f S y n th e tic F ib ers b y C o u n tries a n d
P ro cesses fo r 1929 (1)
C

V lS C O S E

ountry

Pounds
3,620,000
10,700,000
950,000
40,920,000
2,813,000

Austria
Belgium
Brazil
England
Canada
Czechoslo
4,250,000
vakia
32,730,000
France
33,200,000
Germany
580,000
Greece
20,000,000
Holland
Hungary
56,’900,000
Italy
18,000,000
Japan
3,635,000
Poland
2,000,000
Spain
420,000
Sweden
12,250,000
Switzerland
United
104,330,000
States
Total
Percentage

347,298,000
8 6 .0

A

N

cetate

2,800,000

i , 500,600
11,360,000
937,000

70,000

3,500,600
800,000

670,000
1,000,000
1,800,000

9,500,000

7,000,000
26,097,000
6 .4

Viscose Company
Du Pont R ayon Company
Tubize Artificial Silk Company
Celanese Corporation
Industrial R ayon Corporation
American Bembcrg
American Glanzstoff
American Enka
American Chatillon
Skenandoa R ayon Corporation
Belamose Corporation
Delaware R ayon Co.
N ew Bedford Rayon Company
Acme R ayon Corporation
Other firms

2.000.000

.

123,130,000

(1)

1930.
Pounds
70.000.000
27.000.000
11 000.000

.

8 , 000,000

10 ,000,000
4.000.000
9.000.000
5.000.000
6.500.000
3.250.000
1.500.000
2 . 000.000
2 , 000,000

500.000
900.000

Total

4.250.000
37.000.000
45.000.000
580.000
20 000.000
670.000
59.000.000
18.000.000
5.435.000
2 , 000,000
420.000
12.250.000

th e U n ite d S t a te s

1929
Pounds
62,000,000
24,500,000
9.500.000
7.000.000
5.375.000
2.300.000
3.850.000
625.000
750.000
1.330.000
1.500.000

o m pa n y

otal

Pounds
3.620.000
15.000.000
950.000
53.100.000
3.750.000

excess of moisture, the cellulose nitrate is dissolved in a mixture
of ether and alcohol to form the collodion spinning solution.
This solution is filtered, de-aerated, and forced through fine
capillary glass tubes, located in special spinning chambers,
into air which evaporates the solvent, leaving filaments of
cellulose nitrate.
A number of these individual filaments are collected on a
bobbin and twisted together to form the thread. These
threads are wound into skeins, which are treated w ith a so
dium hydrosulfide solution to remove the nitrate groups,

3 .7
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T ab le II— S y n th e tic F iber P r o d u ctio n in
C

T

it r o

Pounds

Pounds
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1.100.000

1 , 000,000

2 ,000,000

123,130,000

162,350,000

T a b le III— P la n t L o ca tio n s a n d T y p e o f Y arns P ro d u ced
C

P

o m pa n y

Acme R ayon Corporation
American Bemberg Corpora
tion
American Chatillon Corpora
tion
American Enka Corporation
American Glanzstoff Corpo
ration
Amoskeag Manufacturing
Company
Belamose Corporation
Celanese Corporation of
America
Delaware R ayon Corpora
tion
Du Pont R ayon Company

Furness Corporation
Hampton Company
Industrial R ayon Corpora
tion
A. M . Johnson R ayon M ills
Napon R ayon Corporation
Neidich Viscose Corporation
N ew Bedford R ayon Com
pany
Rosland Corporation
Skenandoa R ayon Corpora
tion
Tubize Artificial Silk Com
pany of America
Viscose Company

lant

L

o c a t io n

Cleveland, Ohio

T

y pe

op

Y

arn

Viscose

Elizabethton, Tenn.

Cupra

Rome, Ga.
Asheville, N . C.

Viscose and acetate
Viscose

Elizabethton, Tenn.

Viscose

M anchester, N . H.
R ocky Hill, Conn.

Viscose
Viscose

Amcelle, M d.

A cetate

N ew Castle, Del.
Buffalo, N . Y.
Old Hickory, N . Y .
Richmond, Va.
Waynesboro, Va.
Gloucester C ity, N . J .
Eastharapton, M ass.

Viscose
Viscose
Viscose
Viscose
A cetate
Cupra
Viscose

Cleveland, Ohio
Covington, Va.
Burlington, N . C.
Clifton, N . J .
Burlington, N . J .

Viscose
Viscose
Viscose

N ew Bedford, M ass.
Paterson, N . J .

Viscose
Cupra

U tica, N .

Viscose

Y.

Hopewell, Va.
Lewist own. Pa.
Marcus Hook, Pa.
M eadville, Pa.
Parkersburg, W. Va.
Roanoke, Va.
Woonsocket Rayon Company W oonsocket, R . I.

Viscose

N itrate
Viscose
Viscose
Acetate
Viscose
Viscose
Viscose

Cellulose N itrate Process
In the cellulose nitrate process the caustic-boiled and
bleached cotton linters are nitrated with a mixture of nitric
and sulfuric acids to give cellulose nitrate. This is washed in
tubs and in the beater, and then boiled to stabilize it by the
removal of sulfates, etc. After centrifuging to remove the

V isco se p is s o lv e r s , I n d u s tr ia l R a y o n C o r p o r a tio n

leaving a regenerated cellulose yarn. The denitrated yarn
is washed, bleached with sodium hypochlorite, soured,
washed again, neutralized, soaped or oiled, dried, and in
spected. It is then ready for shipment in skein form or for
rewinding into any desired form of package.
Nitro silk is manufactured in America only by the Tubize
Artificial Silk Company of America.
Viscose Rayon
In this process the purified linters or wood pulp, in the
form of sheets about 18 inches square, are saturated with
strong caustic soda solution in a suitable tank with arrange
ments for pressing out the excess alkali solution. These
sheets, containing a definite amount of alkaline solution,
pass into a shredder, where they are disintegrated into sodacellulose crumbs. The crumbs are placed in sheet-iron covered
cans and aged for a definite length of tim e under controlled
temperature and humidity conditions. After aging they go
to the xanthators or churns, where they react with carbon
disulfide to form the desired sodium cellulose xanthate.
This xanthate is soluble in alkaline solution to give the vis
cose spinning solution. The viscose solution is ripened again,
with a close control of time and temperature, filtered, and
de-aerated, when it is ready for spinning.
The spinning is effected by forcing this viscose solution
through another filter, a spinning pump or meter and the
spinneret which is immersed in an acid precipitating bath.
Spinnerets of small diameter and containing as m any fine
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holes as the number, of filaments desired in the yarn are used.
The acid bath neutralizes the alkali in the viscose solution and
regenerates the cellulose filaments. The filaments from each
spinneret are collected on a separate bobbin or in a rapidly ro
tating spinning pot. Where the filaments are collected on a
bobbin they are wound parallel without twisting, but in the
pot-spinning process they receive a twist of about 2.5 turns
per inch due to the rotation of the pot.
After washing and neutralizing the acid present in the yarn,
the bobbin-spun filaments are rewound onto spools for twist
ing. The twisted yarn, from either the bobbin- or pot-spin
ning process, is then clesulfurized, usually by means of a
sodium sulfide solution, bleached, washed, oiled, dried, graded,
and rewound into packages or packed for shipment.
C upram m onium Process
Cupra silk is manufactured by a process somewhat differ
ent from all the others in that the damp purified linter cellu
lose is dissolved directly in a solution of copper hydroxide in
strong ammonia, without any previous chemical treatment.
This specially prepared cellulose solution is filtered and de
aerated, and is then ready for spinning at once without either
aging or ripening.
As in the previous processes, this cellulose solution is forced
through a spinneret into a suitable coagulating bath. How
ever, in this case the spinneret is larger in diameter, has rather
large openings, and the coagulating solution does not com
pletely harden the filaments. As a result the incompletely
coagulated filaments may be stretched by a special arrange
ment of the spinning apparatus so as to give individual fila
ments finer than those obtainable by any other process in use
today. The stretched filaments are finally hardened in a
second precipitating bath, and are collected on reels in the
form of skeins.
This yarn contains considerable precipitated copper, which
is dissolved out of the skeins immediately by means of a dilute
sulfuric acid solution. I t is then washed, neutralized,
bleached, washed again, soaped or oiled, dried, and sorted.
It is finally wound onto spools, twisted, and then rewound
onto cones or other packages for use. M ost of the cupra
yarn is now used for knitting, etc., and very little first-grade
yarn is shipped in skein form.
Cupra yarn is manufactured in America by the American
Bemberg Corporation. This company is now producing
on a commercial scale yarns as fine as 15 deniers with 25 fila
ments. These filaments are about 2.5 times finer than those
of natural silk, being only about 0.004 inch in diameter.
I t requires about 4225 miles of one of these filaments to weigh
a pound. This is by far the finest filament yarn ever pro
duced commercially.
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the cellulose ester precipitated by pouring the solution into
a limited volume of water. The ester is washed well with
water, the last traces of free acid neutralized by means of soda,
washed again, and dried at a low temperature to the desired
moisture content.
■This dried cellulose acetate is dissolved in a mixture of
several organic solvents, of which acetone is generally the prin
cipal constituent. This solution is filtered and de-aerated,
and is then ready for spinning immediately without any aging,
ripening, or other treatment.
The cellulose acetate solution is forced through a final
filter, spinning pump, and a spinneret of rather large diameter
into a tall, narrow spinning chamber containing warm air,
which evaporates the solvents present, leaving behind many
individual filaments from each spinneret. These filaments
are collected, oiled, and twisted in one operation, so as to give
a yarn of 2.5 twists per inch without any further treatment.
Fine denier yarns with 5 twists per inch are also manufac
tured. The spinning solvent is, of course, recovered, as well
as the excess acetic acid used in the estérification of the
cellulose.
The above process is similar to that used by the Celanese
Corporation of America for the manufacture of Celanese
brand yarn.
Advantages of Acetate Process
It will be noticed that, whereas it was necessary in each of
the previous processes to give the spun yarn a special treat
ment in the skein form to remove nitrate groups, sulfur, or
copper, as the case may be, the Celanese brand yarn is ready
for use immediately after it is spun, no other wet treatm ents
being necessary. A t the same time this yarn is not a re
generated cellulose thread, but is composed of cellulose ace
tate.
Cellulose acetate bears about the same relation to regener
ated cellulose that olive oil or ethyl acetate bears to glycerol
or ethyl alcohol. N o chemist would expect to find the same

Cellulose A cetate Process
The acetate silk, to which the name “synthetic fiber” or
“ chemical yarn” has been particularly applied, is manufac
tured by a process which resembles that used for the produc
tion of nitro silk in that the cellulose is esterified in order to
render it soluble in certain volatile organic solvents. This
cellulose ester solution is then spun into air, a process called
“dry spinning.” Here, however, the similarity between the two
processes ends and the acetate process offers many advantages
over the older nitrate process.
In the acetate process the purified cellulose is esterified
by means of acetic anhydride in the presence of sulfuric acid,
which has a catalytic action, and acetic acid, which acts as
a solvent for the cellulose triacetate formed. When the reac
tion is complete, water is added to the batch and the triace
tate permitted to hydrolyze to about the diacetate. Sodium
acetate is added to neutralize the mineral acid present and

P o r tio n o f t h e S h r e d d in g E q u ip m e n t, I n d u s tr ia l R a y o n
C o r p o r a tio n

properties in the ester as in the free alcohol, and we find just
as much difference in the properties of the rayons and Celanese
brand yarn. The Celanese brand yarn and the regenerated
cellulose yarns dye and finish quite differently and in m ost
other respects are quite different.
There is no doubt that at one time the cellulose acetate
process was the m ost expensive of the four methods in use for
the manufacture of synthetic fibers, while the viscose process
wa3 the cheapest. As a result of research, chemical and
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otherwise, dealing largely with the recovery of the acetic acid
and solvents used, it is probably possible to manufacture
Celanese brand yarn today at a lower total cost than any of
the other synthetic fibers. This statement is supported by
the recent reductions in price of Celanese brand yarn.
Recent Developments
Among other more or less recent developments due to re
search in this field may be mentioned the delustered and
hollow-filament yarns of all varieties, and especially of the

I n sp e c tio n R o o m , I n d u s tr ia l R a y o n C o rp o ra tio n

viscose rayon type. While the delustered rayon is now in
very wide use, the hollow or Celta yarn is not so well k n o w
in America. The extremely fine Bemberg yarns are also new,
as well as the finer denier of Celanese brand yarns and fila
ments. Undoubtedly the latter are produced by the stretchspinning process.
These fine-filament yarns are the nearest approach to
true silk in handling and appearance that man has ever pro
duced, and in many cases it is difficult for even an expert to
distinguish the synthetic yarn goods from true silk without
special tests.
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precipitating bath is removed. It is also sometimes desirable
to heat-treat the spun fiber at 100-110° C. (212-230° F.),
or to give it a caustic-soda mercerizing treatment in order to
obtain an increased tenacity.
The length of the passage of the thread through the pre
cipitating bath, as well as other details of the process, varies
somewhat with the composition of the bath, its temperature,
and other conditions. In general, on account of the stretchspinning process, spinnerets with rather large holes are used.
Both bobbin and centrifugal pot spinning can be used in the
Lilienfeld process. Owing to the high acidity of
the precipitating bath, it is necessary to remove
the acid solution remaining in the freshly spun
filaments before it has had sufficient time to
attack and hydrolyze the cellulose. This is done
by permitting the thread on the bobbins to dip
into running water or, in pot spinning, by a
special washing of the thread on the Godet wheel.
Either water or a special salt solution m ay be
used for this purpose.
Neither the stretch-spinning process nor the
use of strongly acid-precipitating baths is new,
but their combined use in the viscose process is
new. Strong sulfuric acid has a solvent or gelati
nizing action upon cellulose, according to the
strength of the acid, temperature, and other con
ditions. It is used in this way to produce cer
tain special finishes on cotton, in parchmentizing paper, etc.
In fact, a precipitating bath containing 500 grams of sulfuric
acid per liter was at one time used in the spinning of cuprammonium silk in order to obtain increased tenacity due to the
parchmentizing action of the strong acid. Undoubtedly this
same parchmentizing effect is largely responsible for the in
creased strength of the Lilienfeld yarn.
On the other hand, it has recently been shown that any
treatment which tends to assist in a more regular arrangement

Lilienfeld Viscose Yarn
The Lilienfeld modification of the viscose process was first
used in 1928. The product is known as Lilienfeld yarn and is
usually stronger than any other type of viscose rayon, although
in some cases this additional strength is obtained at a sacrifice
of other properties.
There are numerous modifications of the Lilienfeld process
which can be used with either the regular viscose spinning
solution or a special cellulose solution, but in each case the
essential features are the use of a very strongly acid precipi
tating bath and a considerable stretching of the filaments
both between the spinneret and the thread guide and between
this guide and the thread-collecting device. While certain
other changes in the viscose process are necessary in order to
obtain the best results, the above spinning conditions give a
considerably stronger yarn with even the ordinary viscose
spinning solution.
It has been stated that it is possible to produce viscose
yarn with a tenacity as high as 7 grams per denier from either
sulfite pulp or linters, by the Lilienfeld process, by cooling
the soda-cellulose well in the shredders, treating with about
twice the usual quantity of carbon disulfide, and spinning
the very viscous solution into the strongly acid-precipitating
bath at a low temperature, with stretching, as mentioned
above. The actual combination of conditions "which give
the best results varies more or less according to a number of
factors, and in some cases it is desirable to permit the freshly
precipitated filaments to pass some distance through the air
before entering the collecting device, where the strongly acid

A c e ta te S ilk D r y -S p in n in ß U n it in P r o c e ss of C o n s tr u c tio n ,
K ohorn C om p an y
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of the cellulose units in the regenerated cellulose yarn will
tend to increase its strength. A similar increase in strength
is obtained by the action of dehydrating agents which acti
vate certain primary linkages between the cellulose units.
It is possible that the stretching action m ay assist in this more
systematic arrangement of the cellulose units in the filaments.
The gelatinous condition of the fiber, due to the strong sul
furic acid present, may also assist this rearrangement of the
molecules or aggregates. A t the same time the strong de
hydrating action of the acid may serve as a dehydrating agent
to activate certain primary valencies between the cellulose
units.
Butyrate and Ether Silks
More than a hundred patents have been issued within re
cent years upon the preparation of the cellulose ethers alone,
the principal use for which appears to be in the manufacture of
synthetic yarns. It has recently been announced that a
plant will be built by the Le France-Kohorn Company to
manufacture butyrate silk. This product was developed in the
experimental plant of the Kohorn Company, at Chemnitz,
Germany, where the writer recently saw samples of butyrate
silk fabrics. These fabrics appear very similar
to those of acetate silk.
Numerous patents have been granted recently
for the manufacture of synthetic yarns from mixed
esters of cellulose as well as mixtures of two
different cellulose esters, and at least one product
of this type has been manufactured to a limited
extent in Europe. M any patents have also been
granted for the manufacture of synthetic yarns
from protein materials, including true silk waste,
but as yet none of these have appeared upon the
market and it is unlikely that they will in the
near future. Nevertheless we do have several
artificial wools on the market, all of cellulosic
origin.
Another product along somewhat the same line
is the pyridine viscose of Doctor Karrer of Zurich.
This looks like ordinary viscose rayon, but on
account of the basic pyridine group attached to
T e x tile
the cellulose molecule can be dyed with acid dyestuffs. This yarn has not been marketed and per
haps never will be, but, along with Professor Karrer’s aminocellulose, offers some very interesting evidence in favor of
the chemical theory of dyeing fibers containing acidic or
basic groups.
American Research
While most of the research upon the synthetic fibers has
been conducted abroad, the first cellulose acetate silk was pro
duced in America, near Boston, by a company later absorbed
by the Celanese Corporation of America. In many ways the
present product of this company is in the writer’s opinion
superior to other synthetic fibers now on the market.
Another American development is the manufacture of what
is stated to be a new variety of cuprammonium yarn by the
Furness Corporation, a subsidiary of the Welsbach Company,
at Gloucester, N . J. H. S. Miner and F. C. Nonemaker have
been closely associated with this work. Samples of this yarn
show it to be of high quality.
Brandwood System
The Brandwood system of treating or finishing the spun
viscose rayon yarn was developed particularly for the viscose
process, but may also be used in certain other processes of
synthetic fiber manufacture. Although the Brandwood
system ’s new plant was not in operation last summer, the
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writer had the opportunity of seeing considerable of the
special machinery in the process of construction.
In the usual process of viscose rayon manufacture the
freshly spun and still w et viscose filaments are collected on the
bobbin or in the spinning pot while they are still wet with the
acid-precipitating solution, and usually the first step is the
removal of this free acid by washing and neutralizing the
yarn, either on the bobbins or in the cake. In some cases
the freshly precipitated yarn is wound into skeins before at
tempting to remove the acid solution. As the bobbin-spun
filaments are not yet twisted into yarn, they are usually first
wound from the spinning bobbin onto special winding spools
for twisting and then twisted while rewinding onto another
similar set of spools. In some cases the yarn is twisted di
rectly from the spinning bobbins, instead of first winding it
onto the winding spools. In any event the next step is to
wind the twisted yarn from either the spinning-pot cake or
the twisting spool into skeins for washing, neutralizing, desulfurizing, bleaching, oiling, etc. If the acid is not removed
from the yarn while on the bobbin or in the cake, the yarn
must be kept wet during all of these winding and twisting
operations until all acid is removed from the skeins; other-
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wise the yarn will be tendered or destroyed by the concentra
tion of the acid during drying. The wet yarn has much less
resistance to stretching and a considerably lower tensile
strength than the dry rayon yarn. Moreover the handling
of the wet yarn containing the highly corrosive dilute sulfuric
acid is quite a problem.
In the Brandwood process, the freshly spun and untwisted
viscose filaments are collected on a special, rather large,
flanged bobbin or spool, made of aluminum or one of its alloys
and with a perforated spindle, each carrying 6 to 8 ounces of
yarn. B y means of a suitable special mechanism resembling
some of the package-dyeing apparatus, this yarn, while still
wound on the spool, is washed, desulfurized, bleached, soured,
neutralized, washed, dyed and sized if desired, and dried,
before rewinding and twisting.
The Brandwood washing machine for the spools, which
constitutes a very important part of the apparatus, is con
structed in such a manner that a convenient number of the
spools, the shanks of which are perforated, fit over the per
forated spindles or carriers of the washing machine and are
secured in place by a suitable clamp on the end of each carrier.
The wash water and other solutions are supplied from tanks
or other sources, and carried, through suitable piping, to the
interior of the perforated carriers. The spools, and spindles
carrying them, are rapidly-rotated by means of a belt and
pulley arrangement and the liquid is carried from the inside
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of the spindles through the rayon by centrifugal force. Tanks
or other collecting devices are provided for the recovery of the
used solutions. By forcing air through the apparatus the
rayon is dried.
The dried yarn is twisted on the regular type of machines,
with slight modifications. The twisted yarn is wound onto
bobbins of the same capacity (6 to 8 ounces) as the original
spool, so as to give a continuous thread, free from knots.
The final winding onto cones, pirns, tubes, etc., is conducted
011 the usual high-speed rayon winders.
It is therefore evi
dent that only two handlings of the yarn are necessary—twist
ing and final winding onto the packages desired for use. It
is not necessary to wind or handle the yarn in either the wet
or skein form at any time, it being wound directly onto the
style of package adapted for its future use, after the comple
tion of the wet-finishing operations.
The Brandwood system is claimed to offer considerable
economy of time, labor, floor space, and water used in the
finishing operations of rayon manufacture. At the same time
it is claimed to give a considerably increased yield of firstgrade yarn, due to avoiding injury of the yarn by handling
while wet or in the form of skeins. It is also stated that this
yarn dyes more evenly than that finished by other processes,
and when the yarn is dyed on the spinning bobbin, there is
also a considerable saving in time, labor, and other costs
connected with the dyeing operations.
Although similar proposals have been made in the past for
treating the rayon on the spinning bobbin, Brandwood
appears to be the first to carry these treatments through to the
dyeing and sizing of the yarn and his plan appears to offer
considerable advantage over some of the processes now in use
for finishing viscose rayon.

in 1927, it is estimated that with the present production there
are about 43,000 employees and that this may average about
55.000 during 1930. Knowing that these workers received
in wages and salaries in 1925 about 825,500,000 and in 1927
about 832,600,000, we may assume that the increased number
in 1929 received about S47,300,000 and m ay receive about
558.300.000 in 1930, an increase of over 125 per cent in five
years. All of which goes to prove that this is a live and grow
ing industry.

S tatistics

While the developments and improvements in the manu
facture, quality, and cost of the synthetic fibers during the
past forty years have been tremendous, the developments and
changes taking place today are even greater than ever before
in its history. Every advance in this field has been— and is—
founded entirely upon research. M ost of this research has
been in either strictly chemical or chemical-engineering fields.
As compared to the wonderful progress in chemical fibers,
the textile industry, with a few notable exceptions, has been
standing still, rooted in its own ignorance in the fundamentals
involved in almost every step of its manufacturing processes.
Undoubtedly one of the greatest changes in the immediate
future will be in the position of acetate silk in the syntheticfiber field. Practically every large synthetic-fiber manufac

At present there are about thirty synthetic-fiber plants in
the United States, as compared with about nineteen in 1927
and fourteen in 1925. As shown in Table I, these plants
manufactured 123,130,000 pounds of yarn in 1929 and it is
estimated that they will produce 162,350,000 pounds, an in
crease of over 30 per cent, in 1930. The production in 1927
was 75,555,439 pounds, valued at 8106,468,752, while the
51,902,491 pounds produced in 1925 were valued at S88,007,873. On this basis the 1929 production was probably worth
about 8150,000,000 and that for 1930 may be worth about
8190,000,000, an increase of about 115 per cent over 1925.
On the basis of about 20,000 employees in 1925 and 27,000

The S aturation P oin t and Research
A t various times in the past there has been a feeling that the
maximum consumption or saturation point for the synthetic
fibers was rapidly approaching. However, it should be
pointed out that even in 1929 the world’s total production
of these fibers was less than 3 per cent of that of the natural
fibers.
Without the numerous and very remarkable improvements
and developments in both the quality and cost of these manu
factured fibers, in which both the chemist and chemical en
gineer have played such important parts, undoubtedly the
saturation point would have been reached long ago. The
demand today in America for the synthetic yarns is not for
the cheapest products, but for the best that can be produced.
This is just as it should be and every progressive manufacturer
recognizes this fact. Every improvement in either quality
or cost opens up many new uses and outlets for these products.
Therefore the interest in research upon all phases of syntheticyarn production is continuing.
F uture of th e S yn th etic Fibers
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turing company is either directly or indirectly interested in
the manufacture of yarn by the acetate process and the
Celanese companies are practically the only independent
group of synthetic-fiber manufacturers in the world today.
Another trend in the industry in the past has been the
gradual elimination of the nitrate process in favor of cheaper
methods of manufacture. While the present nitro yarn is
very satisfactory, the cost of manufacture is undoubtedly
higher than that of any other type. In 1928 by far the largest
part of the profits of the Fabrique de soie artificielle de Tubize
of Belgium, which manufactures nitro, viscose, and acetate
yarns, was derived from the acetate process, and this company
has recently announced that it will discontinue the manu
facture of nitro yarns.
In the cuprammonium field the tendency is towards fine
and multi-filament yarns, and remarkable progress has been
made along this line. Although the cost of manufacture by
this process is probably higher than that of either the viscose
or acetate methods, Bemberg yarn has a higher elasticity
than viscose rayon and the fine-filament cupra yarns are in
big demand, especially by the knit-goods trade. It is possible
that the stretch-spinning processes now in development by the
Celanese companies may rival these very fine cupra yarns in
the near future. Ilollow-filamcnt acetate yarns are also a
possibility of the very near future.
In the viscose field the tendencies are towards finer and
more filaments, as well as stronger yam s with a greater elas
ticity and more even dyeing properties. The hollow-filament rayon yarns seem to be gaining ground, although they
are not yet manufactured in America commercially. Of
course, the matter of costs is always in the foreground in
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every process and, with the increased competition of the ace
tate yarns, this problem will probably become more acute
in the viscose industry in the near future. A t present very
little effort is made to recover the chemicals or by-products of
the viscose industry and developments in this field m ay be
expected in the near future.
The so-called artificial wools also come under the classifica
tion of the synthetic fibers and a number of synthetic products
of this type have been on the market since shortly before or
during the war. Large quantities were manufactured in Ger
many during the war and it has been stated that they can now
be produced in England at less than 40 cents a pound. Most
of these products are of the viscose type and some develop
ments in this line are possible. N ovelty yarns of every type
are, and -will be in the future, in great demand by all branches
of the textile industry.
In spite of all th e enormous increases in the production of
the synthetic fibers within recent years and all that we have
heard regarding the “saturation point,” the real and perma
nent saturation point is just as far off today as it was ten years
ago, if the research and developments of the past are contin
ued at the same rate. It is true that the sales competition
will be more keen in the future and that certain unprogressive
plants m ay pass into the discard, but this very competition
will be the greatest stimulus to research and further advance-,
ments that the industry has ever experienced. Probably no
other branch of the chemical industry offers any greater op
portunity to the chemist and chemical engineer today.
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O A R TIC LE of commerce has contributed more to
the industrial and economic development of the South
than cotton. Investments of recent years in cotton
industries have been of vast proportions and of great sig
nificance.

N

H istory of Developm ent
The use of cotton as a textile fiber is of prehistoric origin;
and today, as a raw material for the textile industry, it is
regarded as the universal fiber.
The importance of cotton as a chemical raw material is of
more recent development. For years it has been regarded
as the standard for cellulose, *since from cotton is obtained
the purest cellulose known in nature.
W ith the outbreak of hostilities in 1917 and the increased
demand for cellulose for the manufacture of munitions, the
War Industries Board ordered the leading cotton-oil mills
to install additional delinting macliinery and commandeered
every pound of residual fiber that could be removed from the
cottonseed. While formerly the larger part of this by
product w as used in mattresses and bedding, practically
all of the increased production during the war was con1 R eceived February 17, 1930. Presented a t the General M eeting
under th e auspices of the D ivision of Industrial and Engineering Chemistry,
a t th e 79th M eeting of th e American Chemical Society, Atlanta, Ga.,
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sumed in the manufacture of guncotton and nitrocellulose
powder.
W ith the signing of the armistice a paramount problem
was presented in the • utilization of this now surplus war
material. Several of the large producing interests undertook
the development of a cotton-pulp for paper manufacture,
the paper industry being the largest potential consumer of
cellulose. With the consumption of the surplus war ma
terial and the increase in cost of the cotton fiber other cheaper
competitive pulps largely displaced cotton in the paper
mills.
Cotton, of the long staple variety, on account of its higher
cost than wood pulp and other cellulose, could not be con
sidered as a raw material for the various cellulose-base
chemical products. It has been through the utilization
of a by-product from the cottonseed, known as cotton
linters, that this economic problem has been solved. Cotton
linters, although a by-product of the oil mill in the process of
crushing and extracting the oil from the cottonseed, have
now become a very important source of cellulose. Since
the war those industries employing cotton cellulose as a base
have experienced phenomenal growth. The estimate of
linters purified in the United States in 1929 for chemical
purposes is 300,000 bales, 35 per cent of the total linter
consumption. W ith the increased demand it is expected
that within a few years cheaper methods of production will
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be developed and the shorter fibers, now left on the seed,
utilized.
Production of Linters
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U. S. Department of Agriculture to undertake the study of
linters with a view of establishing standard grades. As a
result seven standard grades of linters were prepared and the
production and purchase of linters against these grades
became effective several years ago. The setting up of these
standards has been a great forward step in the development
of the industry.
With the increased demand each year for cotton cellulose,
attention has been focused on the improvement in the
quality of the linters and through education and cooperation
on the part of the
producers and con
sumers p r o g r e ss
h a s b een made.
M ost of the mills
have installed im
proved seed-clean
ing facilities and
machinery, realiz
ing that in cotton
linters they have a
valuable by-prod
uct.

Cottonseed after ginning retain an appreciable quantity
of relatively short residual fiber, which, principally for eco
nomic reasons due to oil absorption and improper separation
of the hulls and meats, must be removed.
A brief description of this delinting process is as follows:
The seed coming from the cotton gins are received in storage
w a r e h o u se s or
tanks at the oil
mill. As they are
contaminated with
sa n d , p ie c e s of
cotton stalks, and
other foreign ma
terial, it is neces
sary to clean them
mechanically prior
to delinting. Of
recen t years a
great deal of stress
has been put upon
Types of Linters
t h is c le a n in g
Used
operation on ac
Mo s t of the
count of the more
c h e m ic a l cotton
exacting demands
now produced is
for clean linters.
fro m second-cut
F o re ig n matter,
lin t e r s ,
corre
particularly of the
sponding to U. S.
leafy, shaley type,
Standard G ra d e
will remain in the
F ig u re 1—G en eral View of P la n t of S o u th e r n C h e m ic a l C o tto n C o m p a n y
Nos. 6 and 7. To
linters if the seed
o b ta in
c e r ta in
are not c le a n e d
beforehand. The machine for removing this residual
chemical characteristics, longer fiber length, and freedom from
cotton fiber is known as a linter, as is also its product.
dust, and where a mild chemical treatment is necessary, a
The cottonseed passing through the delinting machine first-cut or high-grade mill run linter is required. These
come in contact with saws, revolving at high speed, which
types grade U. S. Standard Nos. 3 ,4 , and 5.
remove the fiber. The adjustment of this machine with
Apart from the above, the selection of the type of raw
respect to the pressure of the seed against the teeth of material is one of economics. The increased depth of cut
the delinting saws varies the percentage of fiber removed.
and corresponding shorter fiber are unavoidably accompanied
This adjustment is generally known as the “setting” of by an increase in particles of hulls which are pulled off by
the machine and the quantity of fiber removed as the
the delinting saws and projected into the linters. A drastic
“cut.” We thus speak of a 50-pound cut of linters as a
chemical treatment is required to eliminate these hulls
measure of the quantity of linters produced per ton of seed
and other woody matter, with the consequent lowering of
put through.
yield and increased expense of conversion. For this reason,
From the viewpoint of the manufacturers of chemical
irrespective of the resultant quality, the yield of cellulose
cotton three types of linters are regularly produced—a and cost of processing must be taken into consideration
low first cut, mill run, and second cut. To make the last with the cost of the linters when comparing two different
type of linter, the seed are again delinted, after removal of types. The measure of the value of linters for production
the longer fiber in the first cut. In case of the mill run
of chemical cotton is, therefore, the percentage of pure
type the total quantity of fiber is removed in one operation.
cellulose, as well as the quantity and character of foreign
The linters as produced are conveyed to a baling press and
matter, contained in the linters. To produce a cotton
packed for storage and shipment. A bale the size of the
cellulose of the highest quality great care and experience
standard cotton bale is generally used and weighs about
must be exercised in the selection of linters.
600 pounds.
Purification
Need of Standardization of Raw M aterials
The following typical analysis shows that there is a con
siderable percentage of inert non-cellulose material which
When it is realized that the average oil mill operates from
m ust be removed by purification:
fifteen to twenty-five linter machines, each machine contrib
uting its product to a bale, the problem of maintaining a
Chemical yield of cellulose
(by digestion with N aO H )
80 to 85
uniform product will be appreciated. Moreover, the quantity
Ash
1 to 1 .5
Iron
0 .0 6
of seed put through the linters is often governed by the de
E ther extract
l
mands of the press room for seed meats, which also affects
Lignin (HiSOi-insoluble)
3
M oisture
6
the uniformity of the linters.
Realizing the need for standardization of grades of linters,
In plant practice the yield of cellulose is approximately
the Cottonseed Crusher’s Association in 1924 requested thé
5 per cent lower than this, owing to mechanical losses.
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F ig u r e 2— D ig e ster s

F ig u r e 3 —B le a c h in g T u b s

The purification of the linters and conversion to cotton
cellulose is accomplished in the following main steps: (1)
blending the raw materials, (2) digestion or cooking, (3)
washing, (4) bleaching, and (5) drying. Inasmuch as the
purification is carried out in a batch system, the raw material
progresses through the various parts of the process in charges.
To assure greater uniformity it is necessary to blend the raw
linters in somewhat the same proportions as received, for it
may be readily appreciated that the products of no two oil
mills are identical, regardless of intelligent type grading.
The weighed quantity of linters (7000 pounds) is opened
into the digester (Figure 2), into which is pumped a solution
of caustic soda of constant volume and percentage NaOIi
(2.5 to 3.5 per cent). The digester is then rotated and
steam introduced through each end below the solution
level. The pressure is then raised to that required for
cooking— from 40 to 80 pounds, depending upon the required

under steam pressure with caustic soda solution disintegrates
and dissolves the non-cellulose constituents, such as the hulls
and other ligneous materials, present in the raw linters.
After completion of the cooking, the charge is dropped through
manholes in the side of the digester into a steel wash tank,
where washing completely removes all caustic and black
liquor.
The cooked unbleached cellulose is then pumped to the
bleaching tub. (Figure 3) This tub is of wood stave con
struction, equipped with vertical agitators and a perforated
false bottom to permit drainage of the spent bleach solution
and washing of the cellulose. Calcium hypochlorite is
usually used as a bleaching j'eagent. When the cotton
cellulose is at a definite temperature the measured quantity
of available chlorine (0.75 to 1.25 per cent) is introduced
into the bleach tub. The batch is agitated throughout the
bleaching process. After drainage of the discolored solution,

F ig u r e 4— E x tr a c to r s a n d S a r g e n t P ick ers

F ig u r e 5—V iew o f D rier R o o m S h o w in g B a lin g a n d W r a p p in g of
Produ ct

chemical characteristics of the product. Throughout the
cooking period (3 to 5 hours) the digester is rotated to assure
agitation and constant mixing of the solution and linters,
a primary requisite for uniformity of product. A t the end
of the cooking period the pressure is released from the di
gester and water is introduced through the ends to dilute
the caustic concentration and serve as a first wash. The
reaction of the hot caustic liquor in contact with the air
produces an inferior quality of cellulose. The treatment

a measured quantity of diluted sulfuric acid is added to
accelerate the bleaching and reduce the ash content. Many
modifications of this bleaching operation are necessary,
depending upon the chemical characteristics of the cellulose
required. Sodium bisulfite or some other reducing agent is
generally used as an antichlor. An oxalic acid solution
is sometimes used after bleaching to reduce the iron
content.
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Final purification of the linters is accomplished by washing
with complete removal of the by-products of the bleacliing
reaction.
Drying
The cotton is now ready for drying. In a concentration
of less than 0.5 per cent cotton in water, the purified bleached
cellulose is pumped through the riffling system, where re
moval of foreign mat
ter, of higher density
than water, is effected.
It is possible by this
method to deposit in
traps such m in e ra l
m a tte r as sand and
cinders and even very
fine siltlike o rg a n ic
matter not removed
b y th e purification
process. The drying
operation is continu
ous, each d ig e s te r
ch arge retaining its
id e n t it y throughout
the process. The cot
ton cellulose is then
conveyed through rubber-covered squeeze rolls (Figure 4)
for extraction of water to less than 50 per cent bone dry,
into a Sargent wet picker which blows the opened cotton
onto the traveling apron of the continuous air drier. The
material on the apron progresses at comparatively slow speed
to the dry end of the drier, air being continuously circulated
over steam coils through the cotton. With the cotton picked
and fluffed up by agitation during the drying it is possible to
employ comparatively low drying temperature (150-160° F.).
Cotton cellulose is generally dried in sheet form for the
viscose process for rayon manufacture. Equipment of the
same general type for making paper is used. For drying
in this form the purified cotton is beaten and dried in a con
tinuous sheet like blotting paper. ' The sheet is then cut to
the required size.
Baling
The dried cotton is baled and wrapped with kraft paper
preparatory to storage and shipment. (Figure 5) For do
mestic use a standard bale, which measures about 17 X 22 X
36 inches and weighs from 100 to 150 pounds, has been
adopted.
During the baling samples from each lot are drawn at
frequent intervals. A portion of each sample is sent to the
laboratory for chemical analysis. A typical analysis of
chemical cotton follows:
P

Alpha-cellulose
Ash
Ether extract
Liguin (HiSCMnsoluble)

1™?

Moisture

er cent

99
0 .1 0
0 .2 0
0 .2 0

0.002
5

The other portion of the sample is used for testing the color,
cleanliness, moisture, and other physical characteristics.
By comparing with a set of standards under a glass the sample
is given a numerical value for color. To determine the
cleanliness, a weighed sample is formed into a pressed mat
and, after wetting, all the visible particles of foreign matter
are counted over a strong light box.
Reduction and Control of Viscosity
W ith the development of a satisfactory and accurate
method (1) for the determination of viscosity of cellulose
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in cuprammonium solution, the relationship of the viscosity
of the cellulose to its solutions or esters has been established.
In recent years major emphasis has been placed on the
viscosity of cellulose, so the purification treatment, par
ticularly the caustic soda digestion, is carried out with
special regard to the viscosity of the product. The deter
mination of viscosity of the raw linters is very difficult owing
to the presence of ether-extractive matter and contamination
of hull particles. For this reason there is not always a
definite relationship between the viscosity of the linters and
the cotton cellulose produced therefrom. The results
obtained indicate that in different linters of the same type
the cellulose molecular aggregate is not the same. I t is
therefore impossible to obtain identical viscosities from linters
of different sources, all conditions of treatment being con
stant. To overcome this variance, blending of the raw
linters, as consumed at the plant, is essential to assure uni
formity. Reduction of viscosity is obtained by reduction
of the cellulose molecular aggregate and modification of the
cellulose.
In practice this re
d u c tio n is accom
p lis h e d by a more
d r a s t i c c h e m ic a l
treatment. Tempera
ture of digestion is
th e m o s t important
factor in reducing the
viscosity, while time
of treatment in the
digester and concen
tration of alkali have
correspondingly le s s
effects. To produce
cotton cellulose of the
F ig u r e 7— E s t im a te d D is t r ib u t io n in
lower viscosity types 1929
o f P r in c ip a l P r o d u c ts o f C h e m ic a l
economically and to C o tto n M a n u fa c tu r e d in t h e U n ite d
S ta te s
assure uniformity, it
has proved best to adopt high-pressure cooks of 80 pounds
or more. The medium and higher viscosity types are pro
duced by modification of the time of treatment within prac
tical limitations. Bleaching also tends to reduce the vis
cosity, the percentage of reduction depending upon the in
tensity of the process.
Chemical cotton is now sold on specifications which limit
the viscosity variations. In practice the relative reduction
in the viscosity of the cotton in each step of the purification
process is established for each viscosity type of cellulose
produced. Tests made on samples after digestion permit
modification of the subsequent processing and control of
the viscosity of the finished product within specifications.
Technical control of the plant operations is difficult and
results are not infallible.
Principal C hem ical Products
The fact that chemical cotton has a uniform viscosity,
a very high alpha-cellulose content, and is highly absorbent
and reactive makes it particularly suitable for manufacture
of nitrocellulose, cellulose acetate, and cuprammonium
products.
I t is estimated that 28,000 tons of chemical cotton were
produced in the United States in 1929 for nitrocellulose
products. The cotton cellulose is treated with a mixture
of nitric and sulfuric acids. After removal of the spent acids
the nitrated cellulose is drenched with water, washed, and
neutralized. It is then boiled to remove the last traces of
free acid and to stabilize the product. Water in the nitrated
cotton is removed by dehydration with alcohol. Nitrocellu
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lose (soluble cotton) is the base for such important products
as pyroxylin plastics (celluloid), photographic films, lacquers,
nitro-rayon, artificial leather, and explosives. Lacquers
and safety glass, involving the use of transparent sheet
pyroxylin, have been recent outstanding factors in the
growth of the nitrocellulose industry.
The making of cellulose acetate is a very complicated
process and requires a cellulose of high purity and reactivity.
Cotton cellulose is treated with acetic anhydride and acetic
acid in the presence of a catalyst, usually sulfuric acid.
During the acetylation the temperature is carefully controlled.
When the reaction is completed the cellulose acetate is
precipitated by addition of water into the form of white
flakes. It is washed to remove free acid and carefully dried.
The principal product of cellulose acetate is acetate rayon
although it is also gaining recognition for molded articles
ansi lacquers. In the preparation of the solution by the
acetate process for rayon manufacture the dried cellulose
acetate is dissolved in a suitable volatile solvent, usually
acetone. After filtering, the spinning solution is forced
through fine openings into warm air. Coining in contact
with the air, the volatile solvent evaporates and coagulates
the solution, forming a filament. The filaments are wound
upon a cone or spool. The estimate of chemical cotton

produced in 1929 for manufacture of cellulose acetate rayon
is 6000 tons. Approximately 60 per cent of this quantity
was exported.
The use of chemical cotton in products of viscose and
cuprammonium solution is also closely affiliated with the
rayon industry. Since the leading producer of rayon by the
viscose process is the largest consumer of chemical cotton
and also owing to the increasing demand by other large
viscose rayon manufacturers, this division of the industry
is outstanding in the consumption of cotton cellulose. Nearly
40,000 tons of chemical cotton are estimated to have been
produced in the United States during 1929 for the manufac
ture of rayon. The use of rayon fibers in articles of wearing
apparel is now generally known. The fact that chemical
cotton, made from linters, is the base for various other
outstanding products, such as toilet and other celluloid
articles, photographic and moving-picture films, non-shatterable glass, automobile lacquer finishes, and artificial leather,
indicates the diversity of its uses and its importance as a
chemical raw material.
Literature Cited
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C om m ittee on V iscosity of C ellulose, I n d . E ng . C ii Km., Anal. E<1.,
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V anadium Com pounds as Catalysts for the
Oxidation of Sulfur D ioxide1
Harry N. Holm es and A. L. Elder
S

N A previous publication
H o lm e s , Ramsay, and
Elder (3) studied th e
conversion of sulfur dioxide to
sulfur trioxide using platin
ized silica gel as the catalyst.
In that article they stated that
the study of the oxidation of
sulfur dioxide was to be con
tinued using vanadium com
pounds as the contact masses.
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A new m ethod for preparing extrem ely in tim a te
m ixtures of catalysts containing vanadium com pounds,
prom oters, and supports is described in d etail. The
best of these shows a 98 per cent conversion of sulfur
dioxide to sulfur trioxide w ith ou t any decrease in
efficiency even after 60 hours of con tinu ous use.
Intim ate m ixtures of vanadates w ith silicates, h y 
drated silica, and prom oters su ch as com pounds of
iron, calcium , copper, cobalt, and nickel were m ade and
tested.

Previous Work
Several attempts have been made to use vanadium com
pounds as catalysts for increasing the conversion of sulfur
dioxide to sulfur trioxide. The early experiments were cited
by Alexander (1) and Nickell (9). Recently Jaeger and his
associates claimed remarkable advantages, in the catalytic
oxidation of sulfur dioxide, for the use of vanadium com
pounds associated with certain promoters as effective catalytic
mixtures. Using vanadium in the non-exchangeable nucleus
of non-siliceous base-exchange bodies, Jaeger (J) claims to
have an excellent catalyst which is immune to the common
poisons of platinum catalysts. Spangler (10) predicts that
the contact mass developed by Jaeger will replace to a large
extent other active masses used in sulfuric acid manufacture.
In fact, it is now in considerable use in tins country. It is of
interest to note that 35 per cent of the 8 million tons qf sul
furic acid produced in 1929 in this country was manufactured
b y contact processes.
1 R eceived March 7, 1930. Presented before the D ivision of Industrial
and Engineering C hemistry at the 79th M eeting of the American Chemical
Society, A tlanta, Ga., April 7 to 11, 1930.

The patent literature relat
ing to the use of vanadium
compounds as catalysts has
been reviewed by Waeser (12).
Another survey is to be found
in a journal published by the
V a n a d iu m Corporation of
America (11). The m ost im
portant patents of recent date
p e r t a in in g to the use of
vanadium compounds in the
contact process for making sulfuric acid are those by Jaeger
and his associates (5 ,6 ). It would appear from these patents
that many of the known elements in some form are promoters
for vanadium catalysts.
Few figures are available in the patents on actual rates of
conversion. Jaeger does state that with one catalyst 135 liters
of 7 per cent burner gas m ay be passed per hour over 200 cc.
of the contact mass. This is equivalent to 0.067 gram of sul
fur per hour per cubic centimeter of catalyst on the basis of
perfect conversion, which was, of course, not attained. In
one patent he claims a conversion efficiency of 98 per cent on
a 6 to 9 per cent sulfur dioxide mixture, but he fails to disclose
the actual weight of vanadium in the catalyst used.
Neumann (8) and his associates have published some very
valuable data on the use of vanadium catalysts and have in
cluded curves showing the effect of temperature variation on
the per cent conversion when using different catalysts. Com
parisons were made of the catalytic value of silver vanadate,
vanadium pentoxide, copper vanadate, tungstic oxide,
silver, ferric oxide, ferric oxide and bismuth oxide, stron
tium oxide and ferric oxide, tin oxide, chromium oxide,
and titantium oxide. One of the best catalysts prepared
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producing at one time a precipitate containing both the
catalyst and the support seemed attractive. As an example
of this procedure we m ay cite the addition of potassium m eta
vanadate to a solution of ferric chloride in equivalent quan
tities wuth formation of a precipitate. The addition of an
excess of ferric chloride causes the precipitate first formed to
be peptized or colloidally dispersed. If this solution is then
added to water glass, a single precipitate containing catalyst,
promoter, and support is obtained. The final precipitation is,
of course, due to the reaction between the acid of hydrolysis
of the excess ferric chloride solution with the silicate solution
and to the coagulating effect of the ferric ions.
Twelve different catalysts were prepared for this investi
gation. A brief description of the method for preparing the
catalyst follows. The potassium metavanadate used in the
catalytic mixtures was prepared by the addition of an equiva
lent amount of potassium hydroxide to ammonium m eta
vanadate, followed by heating the solution to drive off the
ammonia.

F ig u re 1—A p p a ra tu s for M e asu rin g C onversion of
S u lfu r Dioxide to S u lfu r T rloxlde
A — Calcium chloride tube
B — B ottle of sulfuric acid
C— Mercury manometer
D— Flowmeter
E— Air-pressure regulator
F— Calcium chloride tube
G— Bottle of sulfuric acid
I I —Flowmeter
I — Three-way stopcock for sampling
mixtures before they reach
converter „

J —C atalyst
K — Ground-glass joints
L — B ottles of sulfuric acid for ab
sorbing sulfur dioxide
M — B ottles of Is for absorbing sul
fur dioxide
N —Thermocouple
0 —Stopper which may be removed
when catalyst is inserted

was silver vanadate. Neumann believes that adsorption
catalysis plays an important role in the catalysis of sulfur
dioxide to sulfur trioxide. Some metals appear to be much
better activating agents than others. Either silver oxide
or vanadium oxide alone is a poor catalyst, but silver vanadate
has shown as high as 97 per cent conversion of sulfur dioxide
to the trioxide. Neumann believes that when V20 5 is the
catalyst, VOSCh is formed, and the intermediate reactions
probably are:
V20 , + S 0 2 = V20< + S 0 3
2S02 + 0 2 + V 20 , = 2VOSO(
2VOSO* = V2Os + S 0 3 + S02

( 1)
(2)

(3)

Preparation of Catalysts
A typical method of forming catalysts, as found in the
patents of Jaeger, by processes incorporating a vanadium
compound into the final product consists in mixing a solution
of ferric chloride or ferric sulfate wuth a solution of potassium
metavanadate in such quantities that the ferric vanadate is
precipitated either alone or mixed with other materials.
The precipitate is then mixed with a solution of a silicate,
such as potassium or sodium silicate. Further precipitation
or the production of a gel is obtained by the addition of an
acid or any suitable precipitating substance. All such
methods in which one precipitate is first produced and an
other precipitate is later produced on the first have the dis
advantage that a thoroughly homogeneous material cannot
be obtained.
In the present investigation it was decided that an attempt
should be made to distribute the vanadium compounds more
evenly through the catalytic mass and to follow this with a
study of the efficiency of the catalyst. The possibility of

Catalyst 1. Mix 60 cc. of potassium metavanadate solution
(0.166 gram vanadium per cc.) with 3660 cc. of ferric chloride
solution (0.05 FeCl3.6H20 per cc.). Add 475 cc. of 1:10 com
mercial sodium silicate. Allow the precipitate which forms to
settle several hours, and then filter on cheesecloth. Dry the
precipitate slowly at room temperature to a moisture content of
30 to 50 per cent. After being ground to particles between 10 and
20 mesh and activated by passing air over it at 200-300° C.
for 2 hours it is ready for use as a catalyst. During such use its
efficiency gradually increases for several hours to a maximum
constant value, maintained for 40 to 60 hours, which was the
usual duration of the experiment.
Catalyst 2. Same procedure as for catalyst 1 only less vana
dium is used.
Catalyst 3. Same procedure as for catalyst 1 only potassium
silicate is substituted for sodium silicate.
Catalyst 4. Mixtures of solutions of cupric chloride, cobaltous
chloride, nickel chloride, and ferric chloride instead of ferric
chloride alone as in catalyst 1. The elements copper, cobalt,
nickel, iron, and vanadium are present in ratio of 5:5:5:12:2.
Sodium silicate is added until neutral to litmus.
Catalyst S. Same procedure as for catalyst 1, except copper
sulfate is substituted for ferric chloride.
Catalyst 6. Mix 50 cc. of potassium metavanadate solution
(1 cc. contains 0.091 gram of vanadium) with 4800 cc. of chromic
chloride (110 grams CrCl3.6H20 per 500 cc. of H20 ). Add 1:10
commercial sodium silicate until the resulting mixture is neutral
to litmus.
Catalyst 7. Mix 8.1 grams of vanadium pentoxide with 5.15
grams of potassium hydroxide in 300 cc. of water. Add hydro
chloric acid until neutral to litmus. Add 1200 cc. of water,
140 cc. of sodium silicate, and 70 grams of Celite (grade “F.C.”).
Warm to 60-70° C. Add just enough dilute hydrochloric acid
to leave the mixture slightly alkaline.
Catalyst S. Same procedure as for catalyst 1, except that
aluminum sulfate is substituted for ferric chloride.
Catalyst 9. Mix 1000 cc. sodium tungstate (50 gram?) with
450 cc. of ferric chloride solution (containing 225 grams of
FeCl3.6H20 ) and 10 liters of water. Add sodium silicate diluted
to 1:10 till neutral to litmus.
Catalyst 10. Carnotite (K20 .2 U 0 3.V20[,.3H20).
Catalyst 11.Platinum deposited on silica gel (3).
Catalyst 12.
Same procedure as for catalyst 1
exceptthat
calcium chloride is substituted for ferric chloride.
A necessary precaution in making catalysts of this type is
to use very dilute solutions so that the precipitate obtained
by adding the water glass by no means makes
a solid gel.
In preparing these catalysts the writers used an amount
of water such that a precipitate settled to the lower half of
the container. The quantity of peptizing agent used was in
all cases sufficient, not only to react with the precipitate
first formed and to peptize it, but also to form a gel when water
glass was added. The degree of drying depends upon the
desired hardness of the final product. The excess of ferric
chloride used in making up these gels peptizes the precipitate
first formed and then upon addition of sodium silicate mutual
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precipitation of hydrated silica and ferric oxide takes place
while releasing from solution the originally precipitated
ferric vanadate. Any peptizer or dissolver that itself forms
a precipitate with water glass may be used to form complex
mixtures. For instance, aluminum chloride and certain
other salts are effective as are the common acids.
Apparatus
A diagram of the apparatus used in this investigation is
shown in Figure 1. The preheater used in the previous
work (3) was replaced by two Hoskins furnaces each 32 cm.
long. The temperature needed for maximum conversion of
sulfur dioxide using platinum catalysts was found to be
about 450° C. For conversion using vanadium catalysts the
temperature of the furnaces was kept at 500° =*= 10° C. This
temperature range appeared to be optimum for maximum con
version to sulfur trioxide.
Experim ental Procedure
The previous procedure of estimating the efficiency of the
catalysts by determining the sulfur dioxide content of the
gases entering and leaving the catalytic chamber by means of
the Reich iodine test was used. The volume of catalytic
mass used in each experiment was 75 cc., with a gas flow (8 per
cent sulfur dioxide) of 12 liters per hour. It was found,
however, that less catalyst than this could be used and the
same maximum conversion obtained. The exact minimum
was not determined. In these experiments it seemed better
to use an excess of catalyst rather than to overload it. Calcu
lations made from these data will then indicate maximum
quantities of catalyst which would be needed.
Experimental Data
Table I gives the results using twelve different catalysts.
Analyses were made of the vanadium content of the catalysts
at the close of the experiments by the procedure of Keefer (7).
The maximum conversion obtained—98 per cent—was with
the catalyst containing vanadium with calcium as the pro
moter.
T a b le I — C o n v ersio n of S u lfu r Dioxide to S u lfu r T rloxide U sing
V a n a d iu m , T u n g s te n , a n d P la tin u m C a ta ly sts on M ix tu re
of 8 P er C e n t S u lfu r Dioxide w ith 92 P er C e n t Air
C ata - M
LY ST
P

e t a l l ic I o n s U s e d in
r e p a r in g C a t a l y s t s

C
S

u ppo rt

on



v e r s io n

V a n a d iu m
P E R CC. OP
C atalyst

Gram
1
2
3
4
5
6
7
8
9
10

Fe, V , K , N a
Fe, V, K, N a
Fe, V, K
Cu, Co, N i, Fe, V, K , N a
Cu, K , N a, V
Cr, K , N a, V
K, N a, V
Al, K , N a, V
Fe, N a, W
K, U , V

11
12

P t

60

SiOj.xHjO
SiOj.xHiO
SiOi.xIIiO
SiOj.xHîO
SiOî.xH20
SiCh.xHiO
Celite and SiOj.xH^O
SiOs.xHjO
SiOj.xHsO

93°
9 6 .5
9 5 .5
9 3 .5
83
75
95
75
50
66

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

1 1 % by
wt.
96
on silica gel
o ’. 609
98
SiOa.xIÎ20
Ca, K , N a . V
«
a Conversion by either V2O5 alone or FesOs alone is said to range from
to 7 0 per cent.
s

Interpretation of Data
The best catalyst obtained thus far was made by mixing
potassium metavanadate with an excess of calcium chloride
to peptize the precipitate first formed and then neutralizing
the excess calcium chloride with sodium silicate. Of course
the peptized calcium vanadate was promptly precipitated,
intimately mixed with the calcium silicate. This gel con
verted 98 per cent of the sulfur dioxide to sulfur trioxide
when catalyzing 8 per cent mixtures. With the commercial
mixtures containing only 7 per cent sulfur dioxide it is quite
probable that conversion would be higher. Catalysts in which
the calcium was replaced by ferric iron were very good.
Copper, cobalt, nickel, chromium, and aluminum were not such
effective promoters in these experiments as calcium and iron.
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Mixtures of vanadium pentoxide, potassium hydroxide, Celite,
and water glass made an effective catalyst. Tungsten was
not so efficient as vanadium. Carnotite was a poor catalyst.
According to the data of Chase and Pierce (2) approxi
mately 1 part of platinum is needed per 1000 parts of sulfur
converted to sulfur trioxide per 24 hours. Using catalyst
7 for calculation, 1 part of vanadium is needed per 48 parts
of sulfur converted to sulfur trioxide per 24 hours. There
is no doubt that large-scale installation would diminish the
quantity of vanadium needed. The fact that platinum costs
about two thousand times as much as vanadium indicates
that the cost of making a vanadium catalyst should not be
more than 1 per cent of that of making a platinum catalyst
of equivalent capacity. Unless the volume of vanadium cata
lyst can be decreased, larger contact space would be needed
than if platinum catalysts were used. These data indicate
that, if vanadium catalysts operate with as long life as
platinum catalysts and resist poisons effectively, there should
be a future for vanadium catalysts in this process.
The successful preparation of extremely homogeneous vana
dium catalysts of the highest efficiency appeared to warrant
application for patents on the process.
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N o te on E xplosion of Cracked
Gasoline in O xygen 1
A S A N example of abnormally low autogenous ignition
the explosion that occurred recently, in connection
with an accelerated test for gum formation, may be of interest.
An Emerson double-valve bomb was charged with 50 ml.
of a vapor-phase cracked gasoline which was forwarded to
the Bureau of Standards by the War Department, AVright
Field, Dayton, Ohio. Oxygen was admitted until 20 at
mospheres was registered on the gage, at room temperature.
The bomb was then placed on the steam bath, and covered
with a proper guard, vented so that it was entirely surrounded
by steam at atmospheric pressure.
After about D / 2 hours an explosion occurred in which the
expansion member of the gage failed in two places, the re
action having sufficient energy to force the gage dial through
the copper guard. The heavy brass connection tube between
the gage and bomb was broken off flush with its seat in the
bomb. Solder at the base of the expansion tube of the gage
was melted, and the inside of the upper half of the bomb
was heavily coated with carbon black.
A second explosion occurred several days later with the
same material and similar results. Fortunately in this case
the indication of a thermocouple in the vapor space was ob
tained within 1 minute before the explosion occurred. At
the time the temperature was not over 105° C.
1 Publication approved b y the Director of the Bureau of Standards of
th e U . S. D epartm ent of Commerce.
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Cellulose as It Is Completely Revealed by X-Rays'
Special Application to the Growth and Classification of C otton, th e Structure
of Wood, and the M anufacture of Rayon
George L. Clark
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A concise account is given of the fundam ental structure
of cellulose as it has been worked out in detail from x-ray
diffraction studies. The data include the size of the u nit
crystal cell, the presence of long primary valence chains in
bundles, the size of the colloidal m icelles, and their
orientation with respect to the fiber axis. U tilizing this
definite structure, rational explanation is given for m any
of the physical and chem ical properties of cellulose
fibers.
Great improvem ents in x-ray technic as used in the
study of cellulose are outlined.
Predictions concerning the m anufacture of rayon based
upon the fundam ental structure of cellulose are presented,
and these are compared with actual experimental results
primarily for regenerated cellulose of the viscose type.
The control of properties of rayon and the details of

m anufacture in term s of u ltim a te stru cture are related
to th e x-ray patterns.
Rem arkable new results upon th e grow th of cotton
fibers from the root hairs to the m ature fiber are presented
to show th e various stages in th e botanical process. X-ray
patterns are also utilized as a possible m ethod of classifica
tion of grades of cotton.
Diffraction patterns are used to obtain inform ation
upon seven classes of facts as regards wood—including
com parison of wood stru cture; com parison of tangential,
radial, and cross section; wood sw elling, th e variation in
structure upon the leaning side of trunks and th e under
side of boughs; extension to stu d ies of wood pulp, and
fundam ental m easurem ents on sp ecim ens representing
various grades of disintegration down to th e “fusiform
bodies” discovered by R itter.

FUNDAMENTAL STRU CTURE OF CRYSTALLINE PART OF
CELLULOSE

much more intense beam than was deemed possible. With
this equipment it is now possible to observe Laue patterns for
single crystals of organic compounds on a fluorescent screen.
The rapidity gained with this equipment thus compares
favorably with the results obtained by Mark and von Susich {10) with one of the new Ott-Selmayr tubes developed
at the University of Munich and operated at 40 kilovolts
and 30 milliamperes. While in the above technic the x-ray
beam is somewhat more divergent than that defined by a
long pinhole with strictly parallel base, the diffraction pat
terns have lost little, if any, definition. As indicated below,
these rapid exposures permit certain tests of chemical changes
of cellulose with time which are invaluable.
The facts which may be deduced from a single x-ray dif
fraction pattern for a given specimen are (1) crystallinity;
(2) crystallographic system and space group; (3) dimensions
of the unit crystal cell; (4) number of C 6Hio0 5 groups per
unit cell; (5) location and binding of groups in cell; (6)
size of crystallite or colloidal micelle; (7) lengths of polym 
erized molecules; (8) type and degree of orientation of
micelles with respect to fiber axis; (9) evidences of chemical
and physical change; (10) structure and deformation of nonfibrous cellulose.

OR all materials which have been subjected to x-ray
diffraction analysis there is now probably as complete
information on the structure of the crystalline part of
cellulose fibers as has been derived for any substance. It is
only within the past few months that essential agreement has
been reached by x-ray experimenters over the world, following
improved experimental technic and the rigorous interpre
tation of diffraction patterns, particularly by Mark and his
associates in the x-ray research laboratory of the I. G.
Farbenindustrie A.-G. It is the purpose of the first part of
this paper to summarize these results on the fundamental
structure of cellulose and to show how the architectural plan
accounts for the actual physical and chemical properties of
natural and regenerated fibers employed as textiles.
For experiments on determination of ultimate structure
there have been employed almost universally as nearly ideal
specimens as are found in nature—namely, ramie fibers.
The experimental technic consists in adjusting a parallel
bundle of fibers so that an x-ray beam defined by pinholes
passes through the specimen at right angles to the fiber axis.
(Figure 1) The K a radiation from a copper-target x-ray tube
with an effective wave length of 1.54 A. is employed. The
diffraction pattern is registered on a flat photographic film
usually 5 cm. behind the specimen. Several hours’ exposure
are usually required, but for the patterns made in this
laboratory, some of which are reproduced in this paper,
a maximum of 15 minutes only was necessary. The metal
Hadding-Siegbahn gas-type tube was operated at 40 kilo
volts and 10 milliamperes. Careful regulation of the air
pressure, exact adjustment from preliminary experiments of
the distance between target and cathode for maximum in
tensity, and a redesigned pinhole system in which the small
beryllium foil windows of the tube very close to the target
served effectively as the inner defining pinhole permitted a

F

1 R eceived April 2, 1930. Presented before the Division of Industrial
and Engineering Chemistry a t the 79th M eeting of the American Chemical
Society, A tlanta, Gn., April 7 to 11, 1930.

C rystallinity of Cellulose
All natural cellulose fibers, such as ramie, hemp, sisal, jute,
flax, cotton, wood, etc., and regenerated cellulose or rayon
produce diffraction patterns characteristic of crystal fibers.
A typical pattern for ramie fibers is shown in Figure 2. A
fiber is not a single crystal grain, since a typical Laue pattern
would be found if this were true; nor is it an aggregate of
small grains in random orientation, since this would produce
a pattern of continuous uniform rings. The fiber is consti
tuted of many crystal grains (or crystallites or colloidal
micelles) which are oriented so that a common crystallo
graphic direction in all tends to lie parallel to the direction
of the fiber axis. A fiber diffraction pattern which charac
terizes asbestos, drawn or rolled metals, stretched rubber,
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silk fibroin (Figure 3), cellulose, etc., shows localized intensity
maxima which are more or less disconnected arcs of the usual
Debye-Scherrer rings. These intensity maxima also lie on
layer line hyperbolas above and below the equatorial line of
the pattern. Thus a very definite and large part of cellulose
fibers is truly crystalline. Resins and disintegration products
may be extracted and removed, leaving still the pure crystal
line portion which yields a pattern essentially unchanged
from that of the initial material. Hence resins, hemicellu-

F ig u r e 1— A p p a r a tu s U se d to O b ta in P in h o le X -R a y D iffr a c tio n
P a t te r n s o f C e llu lo se S p e c im e n s

loses, lignin, and other substances known to be present may
be designated as amorphous in the sense that they do not
interfere with the crystalline pattern of true cellulose and give
little or no evidence of their presence as a
cementing matrix. As will be later demon
strated, the crystalline part of cellulose fibers,
which will henceforth be designated simply as
cellulose, is remarkably persistent in that it
can be mercerized, nitrated, acetylated, and
otherwise treated chemically in the solid form
so that the resulting product is still a crystal
fiber.
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tically impossible without constructing a model rationally
related to chemical and physical properties and comparing
the intensity data calculated with the experimentally ob
served. A rational starting point is to place a cellobiose
residue along the 10.3 A. or fiber b axis—that is, a cellobiose
along each of the four edges and one in the center of the unit
prism. Figure 4 shows a structural formula for a dehydrated
glucose residue, front and side view as generally accepted,
the shaded circles representing carbon atoms with diameters
1.4-1.5 A. and the double rings, oxygen with diameters 1.21.3 A. The nearly flat form of the ring is shown, while
the oxygen atoms in two planes account for the spacial
packing.
Cellobiose residues may be formed by 1-4 glucosidal oxygen
bridges of glucose residues as shown in Figure 5. This im
portant feature was first clearly delineated in the pioneer
x-ray work of Sponsler and Dore in this country. However,
to have isolated cellobiose groups in each unit cell is incon
sistent with the high molecular weight of cellulose and with the
distinctive fibrous structure. The model, therefore, con
structs long chains of glucose residues, bound by the primary
valence forces of 1-4 oxygen bridges, only two links in each
chain of the bundle appearing in the unit crystal cell as
indicated in the complete unit-cell model in Figure 6.
Here enters one of the most remarkable developments in
x-ray analysis. It was always considered necessary that a

Direct X -R ay R esults on Crystal Structure
of N ative Cellulose
An interpretation of the spacings of the
Debye-Scherrer rings, indexing of planes cor
responding to the intensity maxima of the
fiber pattern, straightforward measurement
of the identity period along the fiber axis
from the positions of the layer line hyper
bolas, and a careful analysis of intensities
have led Mark and Meyer (3) to an analysis
of crystalline cellulose which is now generally
accepted as final. There may be some dif
F ig u r e 3— P a t te r n fo r G e n u in e S ilk ,
F ig u r e 2— P a t te r n fo r N a tiv e R a m ie
ferences still as to the complete model of
F ib er, S h o w in g H ig h D egree o f O r ie n ta 
S h o w in g M ark ed F ib e r in g o f P r o te in
cellulose constructed upon the experimental
tio n o f M ic e lle s P a r a lle l to F ib e r A xis
data, but of these data there is no question.
They have been fully confirmed independently in the writer's unit crystal cell should contain an integral number of whole
molecules. Consequently, when the x-ray data showed un
laboratory and elsewhere. First of all, therefore, x-rays select
mistakably a very small unit containing only four CeHioOt
the smallest spacial unit or unit crystal cell which has the
groups, the science for a time was viewed askance, particularly
fundamental properties of cellulose:
in the light of the known high molecular weights. The
Crystallographic system: monoclinic
molecules, or better, macromolecules, in cellulose are as long
Unit cell dimensions: a = 8.3, b = 10.3 (fiber axis), c = 7.9,
as these chains, which may be 500 A. long, and yet the first
/3 = 84 A.
direct measurement by the x-ray rules is only 10 A. along
Number of CeHioOs groups per cell: 4
Space group: C tr
the chain. The explanation is evident in Figure 7, where the
Important intensity data: (200) missing, (002) very strong,
spiral form of the chains is shown. One turn in the screw
(040) stronger than (020), (011) and (111) very weak, (021)
axis of these long chains is a sufficiently distinctive diffraction
and (031) relatively strong.
periodicity to define the height of the unit cell. For it is
necessary only to construct this model with the following
Model of Crystalline Cellulose
coordinates for the oxygen and carbon atoms in order to
Since each unit cell contains as most important scattering
account for every detail of the experimental diffraction
centers 24 carbon and 20 oxygen atoms, direct calculation
data (hydrogen atoms are omitted as being too light to
from intensity observations of atomic coordinates is prac affect x-ray diffraction interferences materially):
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N o.

O x y g e n A to m C o o r d i n a t e s
X

0

0

( 2)
(3 )
(4 )
(5 )

(6 )
(7 )

(8 )

(ioj
( 11)

( 12)

0 .2 8
0 .2 8
0 .8 6
0 .5 4

0.00
0 .7 2
0 .7 2
0 .1 4
0 .4 6

y

0 .1 6
0.3 4
0 .1 9
0 .3 3
0 .5 0
0 .6 6
0 .8 4
0 .6 9
0 .8 3

( /, 9)

z

0 .8 8
0 .0 8
0 .9 2
0 .0 2

0.00
0 .1 2
0 .9 2
0 .0 8
0 .9 8

0.00

C oC
y

C a r b o n A to m
X

0
0 .1 7
0 .1 7
0
0.8 7
0 .6 9

0

0 .8 3
0 .8 3

0

0 .1 3
0.31

0.11

0 .1 7
0 .3 3
0 .3 9
0 .3 0
0 .3 6
0.61
0.67
0 .8 3
0.S9
0 .8 0
0.S6

and 10 oxygen atoms at x + 0.5; y + 0.73; z + 0.5, and 12
carbon atoms at x + 0.5; y + 0.73; z + 0.5.
Such a model of long spiral primary valence chains in bun
dles, in which diffraction periodicities are turns in a screw axis,
is not peculiar to cellulose alone. It may be employed to
depict the general method by which Nature constructs such
different complex materials as rubber (stretched) with CsHg

F ig u r e

4 —F r o n t a n d S id e V iew s o f M o d el fo r CeHioOs G rou p
S erv in g a s U n it in C e llu lo se

chains; chitin with acetylglucosamine chains; silk fibroin,
gelatin, collagen, muscular tissue, etc., with polypeptides;
and even certain silicates with chains of S i0 2.
M echanism of Cell-Wall Form ation
Upon the concept of long primary valence chains of dehy
drated glucose residues backed by further chemical, physical,
and botanical facts, Sponsler (18) has described in interesting
fashion how a cell v'all increases in thickness. The ultimate
layers indicated by x-ray data are only one glucose residue in
thickness. No experimental evidence is available to show
that anhydrous glucose units of the cell wall which constitute
cellulose are derived directly from glucose molecules which
originate from photosynthesis.
Assuming that a direct transformation takes place and
that deposition occurs at the interface between cytoplasm
and cell wall, the formation of long chains parallel to the
fiber axis becomes a consequence of orderly spacing of mole
cules due to force fields similar to deposition on any crystal
face. If, then, two glucose molecules are thus held in adjacent positions of minimum potential energy at the lattice
j points, they are in most favorable position for condensation
1reactions, since hydroxyl groups on each are brought into
close proximity so that a water molecule is split out and the
tw'o residues are bound by an oxygen bridge. Thus the con
ditions are favorable for such a reaction to take place in
only one direction to an indefinite length, since the distance
from center to center of the residues is too great laterally for
condensation to occur between adjacent units of two chains.
Sponsler points out that, in spite of this straightforward
mechanism, a third factor of some kind involving living
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protoplasm is involved besides a cellulose surface and the
presence of glucose molecules, since the latter may exist in
the cell without growth and the cell may grow on one side
and not on the other. However, the facts derived from x-ray
data go a long way toward explanation of growth.
“ Grain” or M icelle of Cellulose
X-ray data judiciously interpreted have now led us from
the dehydrated glucose residue composed of carbon, oxygen,
and hydrogen atoms to a pair, bound as a cellobiose residue,
by 1-4 oxygen bridge and to a particular grouping in a small
unit crystalline cell. An extension to a rational model de
picts long spiral primary valence chains along the fiber axis
with cross sections determined by the number of chains in a
bundle. The question naturally arises as to how long the
chains are, since it is hardly likely that they are as long as
the entire fiber itself, and how many are grouped in a bundle.
In other words, is there a spacial unit of structure larger than
the ultimate cell, whose existence and dimensions might be
determined from a diffraction pattern?
The measurement of particle size, particularly in the
range 10-6 to 10-8 cm., is now a well-established application
of diffraction information. In the colloidal range the smaller
the particle and the fewer the diffracting parallel planes,
the less perfect is the sharply unidirectional interference of
secondary waves, and the broader will be the diffraction
maxima which characterize a given crystalline structure.
Hence a measurement of the breadths of diffraction lines or
spots at points of half-maximum intensity leads to an evalua
tion of grain size in an aggregate. Experiments through
the years too numerous to men
tion have demonstrated the col
loidal nature of cellulose, and the
x-ray patterns prove that cellulose
is an aggregate of grains, or crys
tallites or micelles (Naegeli’s nota
tion). Hence a measurement of
diffraction breadths for cellulose
should lead to at least the correct
order of magnitude of the particle
size in cellulose fibers.
Herzog (5) first made such a
calculation with the equation of
Scherrer
d

' cos

0 /2

where B is the breadth of a diffrac
tion interference at points of half
maximum intensity, X is the wave
length, D is the edge length of a
crystal considered as a cube, 6 is
the angle of diffraction, and b is
the natural minimum breadth of
F ig u r e 5 —M o d e l o f C e llo ii
i
i
b lo s e R e sid u e , S h o w in g 1-4
the diffraction maximum depend- L in k a g e b y O x y g e n B r id g e ’of
ing on apparatus and specimen. R^i°dl?ecshydrQtcd G lu cosc
O b v io u s ly th e c u b ic c r y s t a l
limitation in this equation is alone sufficient to invalidate it
as applied to cellulose. In 1926 von Laue (7) deduced from
vector analysis a new equation which in its m ost general form
is free from the limitations of the cubic system, and permits
size evaluation in different directions and thus the shape of
the particle. In the simplest rigorous form this equation is
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D irect M easurem ent of Large-Spaced Periodicities from
Diffraction Interferences

where w = — = 0.55
( b

2TV

cos

e/i

-

¿

) x

( 4
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1Ô/2

) s

r = radius of cylindrical preparation, R = radius of camera,
and 6 = reflection angle. A simplified expression used with
singular success by Hengstenberg and Mark (4) in determin
ing the shape and size of the colloidal micelles of rubber and
cellulose is

In connection with the evaluation of micellar size, a point
of great interest is whether there can be any direct evidence
of these large periodicities from actual diffraction interfer
ences. In accordance with the Bragg law
r j \ = 2 d s in 9

it is obvious that such interferences would appear only at
very small angles. On the ordinary pinhole diffraction pat
terns, therefore, these would be entirely submerged in the
where Rn and 6 have
the same significance; b = B R is trace
the of the central undiffracted beam on the
actually measured breadth of interferences, and n = X/4irmat,
film. There are two methods of investigat
where men is the extension of the crystal particle in the direc
ing diffraction from these large-spaced perio
tion a,-, or the magnitude Which is to be calculated.
dicities: (1) use of long wave lengths, and
The micellar length (6 direction) for mature ramie fiber is
(2) use of an ionization spectrometer with
about 500 A. as calculated from the improved equations. Thus extremely narrow slits, or photographic p a t
this is also the length of the primary valence
chains.Theterns with extremely small pinholes (which
writer has observed lengths of natural fibers ranging from
is eliminated largely on account of the long
150 to 500 A. The cross section of the micelles (a and c
times required for exposure).
directions) is about 50 A., and is determined by the number
In the x-ray laboratory at the University
of chains in a bundle. Generally speaking, therefore, the
of Illinois special researches are in progress
“grain” or micelle of mature cellulose is an elongated par with the object of ascertaining the presence
ticle with dimensions in the ratios roughly 1 0 : 1 : 1 .
The
of large periodicities on a scale between the
fiber is built from these particles just as a solid column from
unit crystal cell and microscopic sizes. A
bricks. Figure 8 shows a plan of the arrangement. Primary
c o m b in a t io n gas-type magnesium-target
valence forces are involved along each chain in a micelle;
tube, similar to a Shearer-Hilger tube, and
secondary valence forces of the van der Waals type hold the
camera has been constructed so that the
chains alongside each other in a micelle; and tertiary forces
x-ray beam passes unobstructed through a
pinhole to the specimen and film. The en
tire apparatus is evacuated to the point re
quired for proper operation of the tube. The
characteristic K a wave length for magnesium
is 9.867 A. After overcoming numerous
difficulties, an interference has been observed
for cellulose at a diffraction angle of 11 de
grees 20 minutes. This gives a spacing of
about 50 A., an identity period which has
F ig u r e 7— S id e
iew o f M o d e l of
also been observed by Mark and associates V
P a r t o f C h a in
and by Herzog. Using copper radiation S h o w in g S p ira l
Form
(1.54 A.) and extremely narrow slits on a
Société Genevoise ionization spectrometer, a maximum is ob
served at about 1 degree 40 minutes, which corresponds also
to the same spacing.
I t is evident, therefore, that the micellar sizes are them
selves periodicities wrhich m ay be observed directly from
x-ray diffraction interferences, and that a powerful method
is thus available for the direct study of the ranges between
microscopic and the ordinary x-ray unit-cell dimensions such
as are involved in polymerization and colloid formation.
I?,, = 0.088 [(6 cos 2/s - (1/6) W

cos3o/2)}

Orientation of M icelles in a Fiber

C h a in s o f G lu c o s e R e sid u e s

are involved between the micelles, A further extension
might even be made to quaternary forces holding whole fibers
in position as in wood, but inert cementing material is more
likely. A general summary of the numerical magnitudes in
volved in cellulose structure is as follows:
U

W

n it

Glucose residue
Cellobiose residue
U nit cell
M icelle
1 grain
U

n it

G

V

e ig h t

162
324
648
~ 10s —* 10®

olum s

S

Cc.

Sq. cm.

6 .8 X 1 0 " «
1 -2 X IO"«
~

lu co ses

Glucose residue
1
Cellobiose residue
2
U nit cell
4
M icelle
6000-12,000
1 grain
3.7 X 10«

C

e l l o b io s e s

1
2
3000-6000
1.85 X 10«

8 -1 2 X 10~ 1S
1 -3 X 107

0.6
U

n it

C

u rface

ells

1500-3000
~ 9 X 1020

M

ic e l l e s

3.7 X 10«

Another important fact concerning a cellulose fiber m ay be
deduced from the same diffraction pattern from which has
been determined everything from the coordinates of car
bon and oxygen atoms in the monoclinic unit cell to the
size and shape of the micelle containing as many as 12,000
CeHioOs groups. This is the orientation of the micelles,
both as to type and degree of perfection. Thus the posi
tions of the intensity maxima on the fiber pattern de
termine, for example, whether the micelles are oriented
with their long dimension parallel to the fiber axis, as in
ramie, or in spiral fashion as in cotton (<?). Then how nearly
the orientation approaches the ideal is readily ascertained
from the sharpness of localized maxima. On the one limit,
as represented in Figure 9a, the diffraction maxima will be
sharp spots lying on circular loci but with little or no trace
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of the circle. At the other extreme are the preparations
in which the micelles are in random “brush-heap” orientation
(Figure 96) and the diffraction patterns concentric, uniform,
continuous Debye-Scherrer rings. Between these lie every
possible gradation, with long, more intense arcs appearing
with improving orientation which shorten to the sharp spots.
From the standpoint of physical and chemical properties
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F ig u r e 8— C o m p le te M od el o f C e llu lo se S tr u c tu r e a s D ed u c e d
from X -R a y D a ta , S h o w in g a N u m b er o f C e llu lo se M ic e lle s , th e
In terio r O ne o f W h ich Is in P a rt E xposed a n d E n la rg ed to S h o w th e
C h a in s o f G lu co se R e sid u e U n its
a — primary valence forces; b = secondary association forces; c « tertrary
micellar forces (diagram by Seifriz)

this characteristic is of great importance, since a difference
only in orientation accompanies wide difference in behavior.
This applies with particular emphasis to the regeneration of
cellulose in rayon fibers as discussed below.
It is not surprising, in view of the remarkable scope of
information concerning cellulose structure from x-ray dif
fraction patterns, that rational explanations and predictions
concerning the behavior of textile and wood fibers can be
made upon the basis of a model which depicts a complex submicroscopic building plan so adequately.
PR O PERTIES OF NATIVE CELLULOSE IN L IG H T OF
ST R U C TU R A L M ODEL BASED ON X -R A Y DATA

Coefficient of Expansion
Hengstenberg, in experiments designed to test the ap
pearance of reflections, made diffraction patterns at the
temperature of liquid air. A measurement of the pattern
led to the calculation of the coefficient of expansion of cellu
lose micelles parallel and perpendicular to the fiber axis. In
the a and c directions the value was about 1.0 X 10 “4, and
in the 6 direction along the fiber axis, 0.1 X 10-4. This
illustrates again the much stronger forces along the axis or
chains than perpendicular thereto.
Tensile Strength of Cellulose Fibers
Upon the basis of the cellulose model it is interesting to
consider what is meant by the tensile strength of a fiber.
Mark (8) has made some calculations of great ingenuity.
He lists the following tensile strengths of common materials:

Cast iron
Best steel
Copper wire
Aluminum
Lead
Wood in fiber
directions

Kg. per
sq. mm.
20
170
40
10
3
8-15

Kg. per
K g. per
sq. mm.
sq. mm.
Silk
35 A cetate rayon,
Cotton
28
ordinary
18-20
Flax
Over 100 Acetate rayon,
Viscose,
well oriented
60
ordinary
25 Rubber, ordinary 15-20
Viscose, well
Rubber, well ori
oriented
80
ented
60

Thus, cellulose in the form of flax, which displays an ex
cellent orientation of micelles parallel to the fiber axis, has
a strength comparable to the best steel.
The calculation is first made upon the assumption that the
fiber is made up of endlessly long chains and that the tensile
strength represents the work required to sever the primary
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valence bonds. Each chain has a cross section of about 25 A2.,
so that in a cross section of 1 sq. mm. there will be 4 X 1012
chains parallel to each other. N ow the work required to
break the C— C, C— H, C— O, etc., bonds in organic compounds
is known to be 70 to 90 calories per mol. Hence for a single
chain the work of breaking is 6 X 10“12 ergs, or taking into
consideration force times distance of separation necessary for
attraction, 2 X 10~10 kg. per chain. Multiplied by 4 X 1012
chains per 1 sq. mm., the tensile strength comes out 800 kg.
per sq. mm., which is much too high as compared with actual
values.
However, it has been shown that the chains are not end
lessly long, but contain 100 glucose residues. Consequently
a break may occur, not by rupture of primary valence chains,
but by slipping of the chains and-of the micelles which are
held by much weaker forces of molecular cohesion. The
secondary valence forces due to hydroxyl or aldehyde (oxygen
bridge) groups are fairly accurately known in organic com
pounds and a tensile strength of about 200 kg. per sq. mm.
may be calculated for cellulose fibers.
A further test of tensile strength may be made by using
the known value for the breaking strength of a sugar crystal.
Here the forces involved are those between molecules in
layers due to the secondary valence forces of hydroxy andaldehyde oxygen atoms, exactly as in cellulose. The value
30 kg. per sq. mm. is obviously too low. However, when a
cellulose fiber 1 sq. mm. in cross section is broken, the new
surfaces are not plane as in the sugar crystals, but distinctly
jagged as in Figure 10. This increases the cross-section
surface dimensions sixfold on the average so that the actual
tensile strength is 6 X 30 =
180 kg. per sq. mm., which
is more nearly the value ob
served for flax.
However, this still repre
sents the ideal case in which
the colloidal micelles are in
parallel orientation through
o u t a ll th e f ib e r s . This
c o n d itio n is never actually
r e a liz e d in natural fibers.
Local im p e r f e c tio n s an d
weakening of molecular co
hesive forces by a d so rb ed
water, etc., lower the strength.
e n t a t io n o f M ic e lle s w ith R e 
A random o r ie n t a t io n of
s p e c t to a C o m m o n D ir e c tio n
micelles with respect to the
a = parallel orientation as in
fibers of native ramie; b =* ran
fiber axis reduces the strength
dom or brush-heap arrangement
theoretically to one-third the
as in Cellophane
value for the oriented fiber,
which is within the range of most cellulose fibers. These
phenomena may be subjected to actual experimental test in
the regenerated celluloses in rayon, as will be demonstrated
in a later section of this paper. The general conclusion is
that the tensile strength values for cellulose fibers are ade
quately explained by the model proposed.
Extensibility of C ellulose Fibers
Metals may be drawn into wires or rolled into sheets by
virtue of slipping on crystallographic glide planes and a
rotation into positions which will present maximum resistance
to further deformation. Gold, for example, is ductile because
after one set of octahedral planes, for example, has turned
parallel to the direction of drawing, another set of the octa
hedral planes is in favorable position for further slipping and
extension. Cellulose represents another condition, however.
If the micelles are all oriented parallel to the fiber axis and
the direction of stretching, then the only thing which can

May, 1930

IN D U S T R I A L A N D E N G IN E E R IN G C H E M IS T R Y

479

Sw elling and R eactions as F unctions of Micellar
happen is that the micelles will glide over each other. The
O rientation
cross section diminishes and the fiber breaks within an exten
sion of less than 2 per cent. Thus high tensile strength and .
A comparison of fibers (most simply in regenerated cellu
elasticity run in opposite directions. In a preparation in
lose). oriented and not oriented shows a considerable dif
which the micelles are in random orientation, the work of
ference, particularly in the speed of swelling. In the oriented
stretching is expended first in
fiber the micelles are more tightly packed as demonstrated
r e - o r ie n t in g these units into
by the higher density, and the swelling solution penetrates
parallel position so that a much
more slowly. Similarly, it is much more difficult to dye
higher elasticity is observed.
rapidly an oriented fiber compared with an unoriented one
Longitudinal Splitting of
for the same reason. The percentage decrease in tensile
Fibers
strength for a given soaking or cooking process also differs.
It is easy to observe that, for Upon the basis of the cellulose model the low wet strength
of fibers is easily understood. The hydroxyl groups in the
the specimens which p ro d u c e
diffraction patterns character surface which hold the chains in the micelles sidewise saturate
themselves with water and thus become ineffective for pur
istic of strong fibering, a split
poses
of mechanical strength.
ting parallel to the fiber axis oc
F ig u re 10—C ro ss S e c tio n
of C e llu lo se F ib e r a f te r R u p 
tu r e , S h o w in g L arg e Ja g g e d
S u rfa c e

curs. This may be p r e d ic te d
from the fact that the forces be
tween chains are far w ea k er
than those along the chains, and the more perfectly oriented
the micelles parallel to the axis the greater the chance of
splitting. The same phenomenon is observed in stretched
rubber, stretched gelatin, muscle fibers in tension, and in all
cases where similar anisotropy exists.
Gloss in Fibers
Mark has shown that the reflection of light which is re
lated to the property of gloss is a function of fiber structure.
In specimens with parallel micelles the reflection of light is
different along the thread and from the cross section, and
also considerably different from the behavior of unoriented
specimens.
Types of R eactions Involving Cellulose Fibers
The following predictions have been verified by experi
mental results:
(1)

R eagent E nters Only Space
betw een M icelles:
(a) Inner micellar structure un
changed.
(b) Position, inten sity, a n d
sharpness (indicating size of m i
celles) of diffraction interferences
unchanged.
(c) Orientation of m icelles m ay
be affected and th e pattern change
from fiber to random D ebyeScherrer diagram.
(d) Phenom ena all related to
total inner surface and to affinity
between surface and reagent; inner
surface 1 -3 X 107 sq. cm . per gram
from x-ray data and 7 X 107 sq. cm.
from SOi adsorption data. Som e
reactions often classed as belonging
to class (2), true stoichiom etric, are
only pseudo-stoichiom etric in th at
only the surface OH groups which
constitu te a definite proportion up
to 50 per cent of the total in a m icelle
are involved. T o this class may
belong some of the reactions with
alkalies, xanthogenate formation
and dyeing.
(e) Found for water and dilute
solutions of salts, alkalies, and acids.
(/) Swelling, m ostly laterally,
occurs w ithout essential change of
x-ray pattern except possible loss
of parallel orientation; homogeneous
solution or dispersion does not
occur; swelling betw een micelles
and betw een whole fibers as in wood
reversible.

(2)

R eagent Penetrates into M i
celles:
(a) I n n e r micellar structure
changed.
(b) Diffraction pattern changed
as to position, intensity, and sharp
ness.
(c) Orientation m ay or m ay not
be affected, though fiber m ay be
expected to be remarkably persistent
since reaction occurs between chains.
(d) R eactions of permutoid type
(solid phase and fibering persist);
mercerization, nitration, acétyla
tion, etc.
(e) Found
for
concentrated
(above 12 or 13 per cent) alkali,
acids, and salts for com plex forma
tion.
(/) Intermicellar swelling by es
térification, ether, or complex forma
tion on hydroxyl groups in micelles
and crystalline diffraction patterns
m ay disappear. B y loosening be
tw een chains in strongly swelling
media a t higher temperatures in
micelle, fiber m ay disintegrate to
solution containing micelles. Side
wise sp littin g of chains from each
other reversible, breaking of original
chains by strong chemical action
(oxidation media) irreversible.

Mercerizatlon
When cellulose fibers are treated with solutions of alkalies
in concentrations above about 12 per cent, the well-known
process of mercerization occurs. Even though a reaction of the
permutoid type may occur, the alkali m ay be entirely washed
out but the structure remains permanently changed, as indi
cated by the x-ray pattern. (Figure 11) The monoclinic
lattice dimensions are compared with native cellulose as
follows:
N

a t iv b

M

b r c b r iz b d

A.

A.

8 .3 5
10.3
7 .9
84°

8. 1
10.3
9.1

(/)

62°

No change whatever
occurs in the direction
parallel to the chains,
ill u s t r a t in g their re
m a r k a b le persistence.
The whole mechanism
involves simply a rota
tion of the c e llo b io s e
units as they exist in
cellulose and a displacem e n t a lo n g the fiber
axis.
The most marked fea
ture of the merceriza
tion diffraction pattern
F ig u re 11—P a t te r n fo r M ercerized
is the appearance of the
C ellulose
(2 0 0 ) interference on
the equator, which is missing in native cellulose. The continu
ous increase in intensity of these spots during the chemical
process may be due to either of two mechanisms: (1) Some
of the micelles are changed completely and others not at all
at first, the increased intensity being due to more individuals;
(2) all of the micelles simultaneously change through a con
tinuous series of steps to the final stage.
The first alter
native involves the presence of two equilibrium states, native
and mercerized cellulose, and the diffraction pattern is a
mixture for both; the second involves a continuous series of
equilibrium states. The first is demonstrated to be true from
x-ray research.
Mercerized cellulose is characterized by an inner micellar
surface about double that of ordinary cellulose as demon
strated by adsorption measurements. This accounts for
its superiority for dyeing, viscose formation, etc. On account
of the rearrangement of chains the secondary valence forces
also are different from those in the original material.
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seems to occur in colloidal gels in a continuous series of steps.
The structure finally obtained with tension is pseudo-crystal_ ]¡nC) ¡n which the molecules occupy essentially the same posi^ions as in the crystal fiber but are not perfectly aligned,
ip¡ie presence of a residual amorphous phase serves to oppose
j.]le pCrfect orientation required by crystals. This clear inter
p otation of a difficult problem is obviously entirely in accord
^¡le concept of very long chain molecules and with the
preferred theories of colloidal gel theory. It explains the
physical properties of such films, such as great tensile strength
perpendicular to the chains and the weak strength and ease
0f splicing or tearing parallel to the direction of the long
molecules. The various properties of adsorption, chemical
action, etc., as functions of orientation also follow exactly
those deduced for the crystalline fibers.

Nitrated and acetylated cellulose fibers produce characteristic fiber patterns which are as clearly marked as^ those for
the native fiber which has been treated. Naray-Szabo and
Susich (IS) have obtained excellent results in their crystal
analyses, which are yet not so complete as the information
on native and mercerized cellulose. A preparation with
a nitrogen content corresponding to the trinitrate gave the
clearest patterns with an identity period along the fiber
axis of 26.6 ± 0.5 A. I'or specimens with smaller nitrogen
content even corresponding to a mono- and dinitrate, the
patterns were always those of the trinitrate and unchanged
cellulose superposed. The existence of these substances as
well-defined stoichiometric compounds is, therefore, very
unlikely. Similarly, only the
triacetate gives a characterPositive Identification T est for C ellulose
istic pattern with a fiber axis
periodicity of 10.3 =*= 0.3 A.,
From the preceding sections it is clear that cellulose is
the same value as in cellu- something more than (C gH i0O5) x. I t has this empirical com
ióse. This is but another evi- position it is true, but the term must also im ply structural
dence of the existence and factors, such as long primary valence-chains, micelles of cerpersistence of the long hexose tain size and form, a lattice type with definite atomic coorchains, and of entrance of re- dinates, etc. Chemical methods might easily fail, therefore,
a c tin g g ro u p s on the hy- jn determining surely whether an unknown preparation were
droxyl groups between chains true cellulose or not. There is one method of identification
in a micelle.
which is positive and it involves the following steps: EsStructure of Film s of Cellu- Verify (acetate or nitrate) and dissolve in acetone or acetonelose, Cellulose Nitrate,
alcohol; spin the solution into a fiber under tension or, as just
and Acetate
* indicated, stretch a film; saponify or regenerate the cellulose;
test the product by an x-ray diffraction pattern. If the
It has been sh ow n t h a t original material were cellulose, the final fiber pattern will be
F ig u re 12—P a tte r n fo r Celloswelling of fibers during reac- one which is unmistakably characteristic of any native or merP rcferrcd O r ie n ta tio n $encc °
may ta^e place to such cerized cellulose. Cellobiose, glucose, and all chemically
an extent that the chains be
come loosened, split apart, and the solid material goes into col
loidal solution. This is true of viscose and of cellulose nitrate
and acetate dissolved in solvents such as acetone. From such
solutions solid films of regenerated cellulose or of the esters
may be produced in which there is evidently no fiber axis or
preferred direction. The diffraction pattern for such col
loidal gel fibers is characterized by broad diffuse rings similar
in every respect to those obtained with liquids. (Figure 12)
Curious changes take place, however, when such films are
stretched. For example, the tensile strength of an un
stretched sheet of Cellophane may be represented by a circle,
since it is the same in various directions. As the Cellophane
film is stretched, h o w le r , in plastic condition, the tensile
circle elongates into an ellipse with the major axis parallel
to the direction of tension until a ratio of 10:1 between
axes is observed. Evidently a type of molecular and micellar
orientation is taking place to render the structure aniso
tropic.
In a recent excellent paper, Trillat (14) has used x-ray dif
fraction methods to remarkable advantage in studying the
change in structure produced by tension in colloidal films of
cellulose nitrate and acetate. The appearance of anisotropy
(birefringence) is accompanied first by the appearance of intenFibS?
o f S p ía í^ S n fií
sity reénforcement in. certain places on the broad diffraction
m e n t of M icelles in F ib er
rings, indicating orientation of long molecules in the direction
of traction. From the patterns the degree of oscillation of the similar substances give no such pattern; numerous materials
molecules around the ideal position, which of course becomes which are not wrell oriented and which give doubtful original
smaller the greater the traction, may be ascertained. For diffraction patterns have been proved to be true cellulose,
very strong tensions the diagrams assume a remarkable ap- including tunicin or animal cellulose from the mantle of
pearance in that the rings deform into ellipses and new in- Phalusia mamillala (11).
tensity reenforcements appear in exactly the positions of the
In the light of the foregoing somewhat extensive account
more intense diffraction maxima for the same substance in of the fundamental structure of cellulose, there are presented
the crystalline state.
in succeeding sections of this paper brief preliminary accounts
1 he passage fi om the amorphous to the crystalline state of individual and cooperative x-ray researches now in progress
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at the University of Illinois devoted to the more practical
problems of growth and classification of cotton fibers (2),
structure of wood, and the manufacture of rayon.
A N A L Y S IS O F G R O W T H A N D C L A S SIF IC A T IO N O F C O TTO N
F IB E R S
(W ith W a n d a K . F a r r , D ivision of C otton M arketing, Bureau of Agri
cultural Econom ics, U . S. D epartm ent of Agriculture, and L u c y W. P i c k 
e t t , D epartm ent of Chemistry, U niversity of Illinois)

Although it has been known for some time that cotton
fibers yield a typical cellulose x-ray diffraction pattern,
comparatively little work has been done with this material.
The explanation of this lies in the fact that in ramie fibers,
for example, there is a much more perfect orientation of the
colloidal micelles parallel to the fiber axis than is true in
cotton, which appears to have a spiral arrangement (6).
A series of developmental stages of the fibers of Gossypium
hirsutum representing growth intervals from 14 to 50 days
has been studied thus far, by means of the diffraction method
utilizing the copper K a radiation, the pinhole method, and
a bundle of parallel fibers as the specimen. The samples
from 14 to 30 days represent the period of elongation in fiber
growth. The 35-day sample, for example, represents the
early stages of wall thickening and the 50-day sample, the
mature fiber at the close of its period of wall formation. The
diffraction patterns for the samples show a remarkable pro
gression. In all cases the patterns indicate a crystalline con
dition, which, however, is progressively more perfect with
age. The 18-day sample pattern is distinguished by very
broad and continuous rings, indicating random orientation.
The principal diffraction ring has a diameter of 4.05 cm., while
for the 14-day sample the diameter is 3.90 cm. The 21-day
sample pattern also shows continuous diffraction rings, but
these are sharper, indicating larger micellar size (longer
chains), and the diameter of the principal diffraction ring is
4.25 cm. The 35-day sample pattern shows definite evi
dences of preferred orientation as indicated by greater in
tensity of the diffraction rings on the equator as compared
with the poles of the pattern. The fibering, however, is still
imperfect. The diameter of the principal diffraction ring is
4.50 cm. The 32-day sample shows very faint evidences of
fibering, while it is still problematical whether there is any
evidence of fibering in the 29- and 30-day samples. Finally,
in the mature 50-day fiber the pattern indicates the maximum
degree of preferred orientation, the sharpest and narrowest
diffraction maxima, indicating the final size of the micelles
and a diameter of the principal diffraction ring of 4.60 cm.
(Figure 13)
There has thus been a progression in these samples in
fibering, in micellar size indicated by diffraction breadth,
and in the actual crystal unit-cell dimensions, as indicated
by the interference ring diameters. The dimensions are
largest for the youngest sample. This seems to indicate
a condition of intramicellar swelling or the fact that the
primary valence chains are not oriented within the colloidal
particle in a perfectly parallel fashion. It may also mean
that the crystalline substance is not yet true cellulose. As
the sample ages the diffraction ring increases in diameter,
which means that the unit-cell dimensions decrease until
in the mature fiber the dimensions for ordinary cellulose are
reached. It is evident that preferred orientation visible in
patterns occurs shortly before the 35th day, probably quite
sharply.
Another series of samples of mature cotton fibers shoving
markedly different physical properties has been subjected to
x-ray analysis, and the diffraction patterns are equally strik
ing in their differences. The samples consisted of a cotton of
high quality, one whose fiber quality had apparently been
lowered by adverse developmental conditions, and a third
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which represented an inferior variety. In all three cases the
diffraction rings have exactly the same measurements
corresponding to true cellulose. The differences lie in the
degree of preferred orientation and in the sharpness of the
interference maxima. There is a marked difference in the
degree of fibering, which is maximum in the case of the first
sample and minimum in the third. For example, the cords
of the arcs on the diffraction rings produced by fibering have
the following lengths: first, 2.8 cm.; second, 3.25 cm.;
third, 3.8 cm. This gradation is exactly the same as that
displayed by the qualitative differentiation. Furthermore
an examination of the sharpness of interferences indicates
that the chain lengths in the colloidal micelles are greatest
in the first sample and least in the third. Therefore, satis
factory physical properties are unquestionably connected
with colloidal size greater than a critical value and in the best
possible arrangement of these micelles with respect to the fiber
axis itself.
While these samples represent perhaps extreme conditions,
it will no doubt be possible to classify cotton within much

a

b
F ig u r e 14— S t r u c t u r e s o f W ood

a, high density yellow poplar; b, compression structure on the leaning
side of tree trunks and under side of boughs

a
F ig u r e 15—C o m p a r iso n o f P a tte r n s T a k e n in T w o D ir e c tio n s a t
R ig h t A n g le s to P r in c ip a l F ib er A xis In W ood
a, x-ray beam perpendicular to tangential face; b, x-ray beam perpen
dicular to radial face

narrower limits and the x-ray method may prove an indis
pensable new tool both for specification and research in the
cotton industry. A continuation of these studies in a quanti
tative manner is in progress.
X -R A Y S T U D IE S O F T H E S T R U C T U R E O F W OOD
(W ith G. J. R i t t e r , F orest Products L aboratory, M adison, W is., and
W . A. S i s s o n , D epartm ent of C hem istry, U niversity of Illinois)

Another investigation in progress is concerned with a
fundamental x-ray study of wood of many kinds and under
various conditions, from which m ay come information of
practical value in the classification of wood structure, be
havior, and treatment. In the preliminary report here pre
sented attention is given exclusively to the interpretation of
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Figure 16—T y p ic a l P a tte r n fo r O lder
T ypes o f O rdin ary V iscose R a y o n T h rea d s

F ig u re 17— P a tte r n fo r S p e c im e n of
R a y o n T h rea d , L ilie n fe ld P rocess

the x-ray patterns, and no attempt is made to relate these
findings with other types of tests which may be made.
The interpretation of the patterns leads to information
along eight lines, as follows:

F ig u r e 18— P a t te r n fo r O n e T y p e of
V is c o s e S e w in g T h r e a d

Steps in Process of D isintegration Down to R itter Fusiform
Bodies

(1) Comparison of different woods.
(2) Steps in the process of disintegration down to fusiform
bodies.
(3) Tangential, radial, and cross-section structures.
(4) Comparison of Cross and Bevan and alpha-cellulose.
(5) Differentiation of spring and summer wood.
(6) Effect of soaking dry wood in water.
(7) Compression structures for wood on the leaning side of
trunks and underside of boughs.
(8) Effect of lignin, hemicelluloses, and extractives on dif
fraction patterns.

The results are to be judged by comparing the photographs
for a whole-wood sample and the fibers chemically dissected
by the Ritter method. This material is still crystalline,
though the fibering observed in the original wood is absent
as is to be expected, and the diffraction circles are much
broader, as is to be expected from the decreasing size. The
fusiform sample is particularly remarkable for the appear
ance of a very strong and definite inner ring corresponding to
a long spacing. This would indicate that linear orientation
is much more perfect than cross-section orientation or that an
entirely new diffraction periodicity comes into play. The
sample is different in this respect from any ever observed.

Comparison of Different Woods

Tangential, Radial, and C ross-Section Structures

Under the first topic we have a comparison of the yellow
poplar high-density, redwood sapwood, white ash, and south
ern yellow pine. All the patterns are typical of cellulose with,
however, a considerable variation in the degree of preferred
orientation. The most perfect parallel arrangement of the
fibers is shown by yellow poplar, high-density. (Figure 14a)
This is judged by the sharpness of the localized diffraction
maxima. These spots lying on the equator and also on the
principal ring above and below' the equator for yellow poplar
are very sharp. The measurement gives a perfect cellulose
result. With this is to be compared redwood sapwood,
southern yellow pine summer, and white ash dry summer
wood. This can be done by measuring the length of the
intensity maxima arcs. Next to poplar, the best fibering
is showm by yellow pine, and w'hite ash is nearly the same.
Last in this respect is the redwood. The redwood pattern
is further distinguished by the presence of considerably more
inner darkening due to the presence of other materials, either
in much larger quantities or in the more nearly crystalline con
dition than is found in the other woods.
Another important observation can be made in terms of the
size of colloidal particles measured from the breadth of the
diffraction spots. In this respect the southern yellow pine
seems to be broader than the others, indicating a smaller
micellar size wdiich W'ould mean shorter cellulose primary
valence chains and few'er chains in a bundle. The conclusion
is that the patterns for the different kinds of wood are all
sufficiently different as to characterize each particular variety.

These three patterns are distinctly different. The tangen
tial pattern is typical of the usual cellulose pattern in which
the beam of x-rays passes perpendicular to the fiber axis—
that is, the principal vertical fibers in a tree. In the cross
section the beam passes parallel to these principal fibers, and,
as is always observed in fiber structures, the pattern indicates
a random orientation in this direction. In other words, the
diffraction circles are uniformly intense and continuous.
There is no marked indication of the fibers which are radial
(medullary rays) in a wood structure, which means either
that these are too few or that the orientation in them is far
less perfect than in the vertical fibers. In the sample cut from
a radial section the beam passes perpendicular to both ver
tical and horizontal fibers. We observe, however, in this
pattern a double fibering in the sense that the equatorial
diffraction maxima in the usual case now lie on two lines cross
ing each other. This type of pattern is obtained when the
beam impinges at an angle different from 90 degrees upon the
direction of the fiber axis, or indeed upon any crystallographic
axis in a single crystal. This would seem, therefore, to
throw considerable light upon the direction of fibers with re
spect to the bordered pits. Although the specimen is cor
rectly oriented as regards the axis of the tree, there is a
different angular relationship. The actual angle of inclina
tion can be easily calculated as one-fourth the angle meas
ured between the two diameter loci observed in this pattern.
The notable difference observed in structure when the x-ray
beam passes perpendicular to the tangential face and to the
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radial face of the same bundle of fibers is shown in Figures
15a and b. The specimens involved were prepared by delignifying spruce and then arranging the fibers parallel with
the faces in one direction. This clearly indicates that orien
tation with respect to the two directions at right angles to
the long axis differs greatly; for all other cellulose fibers thus
far observed no distinction can be made.
Comparison of Cross and Bevan and Alpha-Cellulose
Although patterns for these two materials appear quite
similar in the sense of representing randomly oriented crystal
grains, there is a marked and fundamental difference in the
size of the crystal unit cell. The outer edge of the principal
ring for the Cross and Bevan cellulose just fits inside the ring
for alpha-cellulose. The smaller the ring, of course, the larger
the crystalline spacing, which means either a true intramicellar swelling or a distortion with subsequent increase in
distance apart of the cellulose chains due to the presence of
other substances or a variety of carbohydrates. This is an
entirely unsuspected result never before noted and calls for
further experiment. Furthermore the principal ring noted
for alpha-cellulose is double, which means that in its prepara
tion cellulose hydrate or mercerized cellulose has been made
and that the material is a mixture of changed and unchanged
cellulose. Another difference of this kind will be described
under rayon.
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equator, which in this case is entirely absent. The sharp
ness indicates a perfect orientation, but in this compression
wood the colloidal particles, while all parallel, are turned at a
direction far from parallel to the actual fiber axis itself.
The specimen was mounted so that the beam would pass
perpendicular to the apparent fibers, but the pattern indi
cates that the crystal grains within the fibers are oriented
perhaps in the neighborhood of 60 degrees from the usual
position. This effect is very remarkable and cannot be
duplicated in any experiments in which ordinary wood giving
the usual pattern is subjected to mechanical pressure of any
kind.
Effect of Lignin, H em icelluloses, and Extractives on
Diffraction Patterns
As predicted, these substances present in wood are essen
tially amorphous in giving diffraction patterns with only
one or two very diffuse rings. Except in so far as they help
to hold the cellulose fibers and constituent micelles in position
as a kind of cement, they have a negligible effect on patterns.
This matter is, however, being more extensively investi
gated with thirty-two varieties of American wood. That the
crystalline part of wood is really cellulose is demonstrated
by the original diffraction patterns and by the rigorous
identification test presented in a preceding section of this
paper.

Differentiation of Spring and Sum m er
Wood
This is clearly shown in two patterns
for southern yellow pine, which indicate
the marked difference in orientation of the
colloidal cellulose particle with respect to
the actual fiber as it appears to the eye.
The “fibering” is much more perfect in the
summer wood than in the spring wood,
which would be anticipated from the micro
scopic structure and the difference in thick
ness of the walls. Furthermore, the dif
fraction rings for the spring wood have
smaller diameters, which means a larger
c r y s t a llin e spacing due undoubtedly to
s w e llin g a n d to th e lack of sufficient
material to give final rigidity.
Effect of Soaking Dry Wood in Water
This is shown in two samples of white
F ig u r e 1 9 - P a t te r n fo r R e c e n t T y p e of
F ig u r e 20—P a tte r n fo r N e w e s t V isco se
ash summer wood, in fact using identically
V isco se R a y o n
R a y o n T h r e a d , S h o w in g P r o g r e ssio n in
S t r u c tu r e a n d P r o p e r tie s fr o m T h o s e
the same specimen. In this case there has
R e p r e s e n te d in F ig u r e 16
been no change whatever in the crystal
S T R U C T U R E O F R A Y O N IN R E L A T IO N T O P R O B L E M S OF
diffraction spacing. The pattern for the wet wood shows
M ANUFACTURE
much more scattering due to the actual presence of water, and
(W ith cohperation of A . S t u a r t H u n t e r , D u Pont R ayon C o., Buffalo,
although this water is held superficially between the colloidal
N . Y ., and A r t h u r W. K e n n e y , Experim ental Station of E. I. du P on t
particles it has been able to disarrange the positions of the
de N em ours & C o., W ilm ington, D el.)
colloidal crystal particles with respect to the fiber axis, since
To present in any detail the results of an extensive study of
the evidences of fibering are much less perfect as shown by the
rayon, particularly viscose, which have been accumulated in
longer arcs for the localized intensity maxima. It is curious
this cooperative research, would far exceed space require
that the type of swelling which might be observed in spring
wood is different, inasmuch as it affects the crystal unit spac- ment. Hence only certain outstanding points of more general
fundamental type are summarized here in order to show possi
ings, from that which appears in the usual case of soaking in
bilities and limitations.
water.
Com pression Structures for Wood on Leaning Side of
Trunks and Under Side of Boughs
The pattern for compression wood from southern yellow
pine is one of the most remarkable in that six fairly sym
metrical intensity maxima are observed instead of the usual

P redictions from th e C ellulose Model C oncerning
Rayon S tructu re
(a)
The regenerated thread spun from colloidal solution
should be crystalline cellulose, probably with the mercerized
structure (except for the acetate or nitrate).
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structural segment; variations should be detected by suc
cessive x-ray diffraction tests along the fiber.
(/) The effects of variations in the chemical process of
solution and regeneration will show up in so far as they affect
the structural characteristics noted above. Thus the same
tension on filaments regenerated from viscose and from
cuprammonium might produce different degrees of orien
tation of micelles of different size, even though the raw ma
terial were the same.
(g) Under conditions such as mixed viscoses of different
ripening age and other factors, the coexistence of micelles of
two or more different sizes may be possible; and because of
the relatively greater speed in the coagulation of the filament
skin as compared with the interior, superposed structures
might be observed in x-ray patterns.
(A) It is conceivable that considerable tensile strength
could be attained with relatively insignificant orientation of
F ig u re 22— P a tte r n fo r C o tto n
F igu re 21— P a tte r n fo r W ood
L in te r s U sed a s R aw M a terial
P u lp U sed a s R aw M a teria l for
micelles if these are cemented in random arrangement by
fo r M a n u fa c tu r e o f V iscose
M an u fa ctu r e o f V iscose R ayon
R ayon
amorphous or degraded substances; bleaching and tendering
or other processing, in affecting
such material or the surfaces of the
micelles, might be attended with
l i t t l e or no diffraction change,
since the individual micelles are
unaffected although the fiber may
disintegrate.
(T) Rayon yarns would be ex
pected to have lower strengths in
the wet condition. W a te r a d 
sorbed on the surfaces of colloidal
micelles covers the active hydroxyl
groups which normally provide the
tertiary forces holding micelles in
position. Hence the bonds which
manifest themselves as mechani
cal strength are r e n d e r e d le s s
effective. In random orientation
S. I. 7.6
S. I. 4.18
S. I. 1.12
better and more rapid penetration
F ig u re 23— V iscose R a y o n , S a lt In d ex S eries. C o m p e n s a to r G u id e
of water is afforded than in highly
oriented threads, so that great
(b) Fibering or orientation of the colloidal micelles in the
reduction in dry tensile strength, already inferior, would be
fiber should depend upon the tension on the plastic filament anticipated.
in the process of coagulation. The diffraction pattern for a
R esults of X -R ay Research
direct-spun specimen should be continuous rings indicating
essentially random orientation, and for a filament spun under
tension induced by various types of guides, a typical fiber
C o m p a r i s o n o f N a t u r a l a n d A r t i f i c i a l F i b e r s —The
pattern which is more perfect the greater the tension and foregoing predictions, based upon the fundamental structural
the more nearly parallel the micelles.
model of cellulose very largely deduced from the x-ray pat
(c) The sizes of the colloidal micelles—that is, the primary
terns of native ramie, are substantiated in remarkable degree
valence chain length and the number of chains in a bundle—
by experimental observations on numerous rayon speci
will depend upon the severity of chemical treatment during mens. In the sense of fibering particularly the diffraction
swelling of raw cellulose and solution. These dimensions,
patterns for rayon are to be compared with those of native
determined from the diffraction breadths, should be the same ramie (Figure 2) showing parallel orientation, cotton (Figure
as in the original cellulose under reversible conditions, or
13) showing spiral orientation, and genuine silk (Figure 3)
smaller if the processing has been sufficiently severe to rupture
in which the protein substance is highly fibered. Ordinary
the primary valence bonds.
viscose, particularly as previously produced, gives the pattern
(d) The tensile strength should increase with increasing shown in Figure 16. The preferred orientation is very low
perfection in parallel orientation of the micelles, or with
compared with ramie or silk, and differs in type from cotton.
tension, or with increasingly sharp fiber-diffraction inter The principal diffraction ring is considerably more hazy,
ferences, other tilings being equal; extensibility should run suggesting that the colloidal micelles are smaller or more
exactly opposite. The highly oriented fibers should be more
distorted than in the native fibers. Figure 17 represents a
difficult to dye and more slow to swell or react chemically,
sewing thread made by the Lilienfeld process from viscose
on account of greater density. Gloss should be different
(high acid concentration and low temperature), and it is
along and across the highly oriented fiber, and different from
characterized by a high degree of orientation. Figures 18, 19,
that of a fiber with essentially random orientation.
and 20, respectively, for a type of viscose sewing thread and
(e) Long filaments may be expected to have varying prop two yarns show successive stages in the process change for pro
erties in consecutive portions with slight mechanical varia duction of viscose rayon, and are to be compared with the
tions in tension, bath concentrations, etc., so that the tensile
original ordinary rayon in Figure 16. This very great increase
strength for the thread or yarn will be that of the weakest in fibering for filaments spun from the same material has
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been accomplished partly by increased and controlled tension
properly applied in coagulation, and partly by slight chemical
changes, each step having been followed by the diffraction
method. On the basis of these last patterns an appreciable
increase in tensile strength would be anticipated. The facts
are evident in the following tabulation of physical data for the
specimens just desi
M

F

a t e r ia l

R eal silk
Ordinary viscose yarn
Lilienfeld
Viscose sewing thread
N ew viscose yarn 129
N ew viscose yarn 130

T

ig u r e

3
16
17
18
19
20

e n a c it y

D ry
W et
G./denier G ./denier
2 .9 4
2 .5 4
1.51
0 .7 9
4 .1 2
2 .6 3
2.6 9
1 .4 5
2 .7 4
1 .4 2
2 .2 2
3.7 7

E

l o n g a t io n

D ry
%
1 5 .1
2 4 .2
1 0 .3
8 .0
7 .7
3 .7

W et
%
19.3
2 9 .6
7 .6
10.7
7 .2
4 .3

W o o d P u l p a n d C o t t o n L in t e r s a s R a w M a t e r ia l —

Figures 21 and 22 represent wood pulp and cotton linters,
respectively. N o outstanding difference between them can
be seen by casual comparison of the patterns. Random
orientation appears, since the sheets examined were made up
of fibers arranged at random. There is evidence of mercerization in the double principal ring.
V i s c o s e R i p e n i n g —One series
of specimens represented the effect
of changing salt index, which is
a measure of ripening of the vis
cose. In this the viscose was spun
from an index of 7.6 to 1.12 with
a constant-tension device which
prevented the usual increase in
t e n s io n as the viscose ripened.
The x-ray d ia g r a m s of th r e e
members of this series illustrate
the general type of pattern ob
tained in Figure 23. There was
no marked increase in orientation
throughout the series in spite of
the fact that there was a consider
able variation in the t e n a c it y
values of certain threads. Typical
S. I. 5.43
F ig u r e
physical data are as follows:
N o.

100 A
100D

Salt I

ndex

T

e n s io n

Grams
14.1
14 .0

7 .6
4 .1 8

e n a c it y

E

D ry
W et
G./denier G./denier
1 .3 8
0.6 1
1 .6 6
0 .7 9

Dry

T

T

101A
101C
101H

5 .4 3
4 .3
1.12

e n s io n

Grams
19.2
2 0 .5
2 7 .5

T

e n a c it y

D ry
W et
G./den ier G ./denier
1 .6 6
0 .8 1
1.81
0 .7 9
1 .6 4
0 .6 7

grams. As far as can be detected, proportions varying from
6 per cent cellulose-5 per cent caustic to 7 per cent cellulose8 per cent caustic had no effect on the patterns when other
variables were maintained constant.
E f f e c t o f V a r ia t io n s in C a r r o n D is u l f id e C o n t e n t —

The next series was designed to show the effect of varying the
carbon disulfide content of the xanthate. No effect was
indicated when the charge varied from 35 to 70 pounds of
carbon disulfide.
E f f e c t o f B a t h T e m p e r a t u r e . Some representatives of
the last series were spun into baths of two different tem
peratures, 42° and 50° F: There is evidence in the dif
fraction pattern that the conditions of higher temperature
caused the cellulose to be regenerated in a more irregular
manner than at the lower temperature, and evidence of a
second component is also more clearly marked.
E f f e c t o f B a t h T r a v e l —A study was made of the re
lationship between bath travel and orientation as influenced
by vane guides. In this series there was a surprising lack of
orientation in view of the relatively high tenacity values.
An increase of bath travel from 20 to 51 cm. with an accom-

S. I. 1.12
S. I. 4.3
24— S a m e a s F ig u r e 23, b u t w ith C y lin d e r G u id e

l o n g a t io n

W et

%

%

2 4 .3
1 8 .9

2 5 .9
2 1 .5

It is to be noticed that in Figure 23 for specimen 100A the
principal diffraction ring is broad and diffuse, indicating only
slight preferred orientation of unusually small or distorted
colloidal particles. Specimen 100D shows the first evidence
of a second component in the appearance of a fine, sharply
defined ring superimposed on the broad one. This phenome
non becomes more apparent for specimens with still lower
salt index.
Another series represented in Figure 24 is almost a dupli
cation of the preceding series except that a cylinder guide was
used. The tension consequently was higher throughout and
it increased steadily for the specimens of lower index. Physi
cal data for the three represented by x-ray patterns are as
follows:
N o.
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E

Unknown source
Viscose rayon
F ig u r e 25— C o m p a r is o n of O r d in a ry V is c o s e R a y o n w it h S p e c im e n
o f U n k n o w n S o u rc e , P r o b a b ly C u p r a m m o n lu m , B o th w ith S a m e
D ry T e n a c ity

l o n g a t io n

Dry
%
2 0 .2
1 7 .2
1 3 .3

Wet
%
2 2 .2
1 9 .3
9 .9

E f f e c t o f V a r y i n g C e l l u l o s e - A l k a l i R a t i o —In an
other series a study was made of viscose cellulose alkali
ratios and percentages as they might affect the x-ray dia-

panying increase in tension from 19 to 27 grams caused only
slight improvement in orientation indicated on the diffrac
tion patterns. B u t a determination of the tenacities showed
that they too were practically unchanged in agreement with
the x-ray findings.
C o m p l ic a t io n s

in

R e l a t io n s h ip s

O r i e n t a t i o n a n d T e n a c i t y —In

betw een

M ic e l l a r

contrast with m ost of the
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Viscose rayon
Cupramraonium
Figure 26—C o m p a riso n o f O rd in a ry V iscose R a y o n S p u n w ith
H ook G u id e w ith C o m m e r c ia l V ariety o f C u p r a m m o n iu m

patterns for the preceding series as typified in Figure 25a,
which indicate only imperfect orientation of micelles with
respect to the fiber axis, the pattern in Figure 256 for a sample
of unknown origin is given. This specimen, No. 14, is of
great interest because it possesses a degree of orientation
far in excess of that for No. 105D from the preceding series, for
example, and yet the dry tenacities for the two are not appre
ciably different. The diameter of the diffraction ring sug
gests that No. 14 may be of cuprammonium origin (see below).
The physical data for the two are as follows:
N o.

T

D ry
G./denier
1 .9 0
1.91

105D
14

E

e n a c it y

Wet
G./denier
0 .8 0
0 .8 8

en

Viscose
Cuprammonium

T

e n a c it y

D ry
G./denier
1 .4 8
1.46

Wet
G./denier
0 .6 6
0 .6 8

Dry
%
16.2
6 .1

Wet
%
2 0 .4
5 .8

E

l o n g a t io n

D ry

W et

%

%

19.1
1 3 .3

2 3 .0
1 5 .2

Another contrast is presented between a sample of a type of
viscose and German Bemberg. (Figure 27) The former shows
a high degree of orientation for earlier types of viscose rayon,
although from its tenacity even more perfect fibering might
be expected. On the other hand, the highly oriented Bem
berg possesses a tenacity considerably below the less perfectly
oriented viscose. Physical data are:
S p e c im

Viscose
Bemberg

en

T

e n a c it y

D ry
G./denier
2 .3 0
1.5 2

W et
G./denier
1.15
0 .8 7

E ffec t

of

T ypes

of

S p in n in g

G u id e s

for

V is c o s e —

X-ray patterns have also been photographed for a series
of viscose rayon samples in which the only variable was the
type of guide, which determines the tension. (Figure 28)
The physical data are:
G

T

u id e

Grams
4 .0
17.6

Direct
Hook
Vane
M ultiple

T

e n s io n

22. 8

2 2 .2

E

e n a c it y

D ry
W et
G./den ier G ./denier
1 .1 8
0 .5 3
1 .5 5
0 .0 0
1 .6 6
0 .7 0
1 .6 5
0 .6 6

l o n g a t io n

W et

Dry

%

%

3 0 .3
1 8 .0
18.1
1 5 .7

3 7 .4
1 7 .0
18.7
1 5 .8

l o n g a t io n

Another pair of samples which have approximately the
same tenacity values and yet differ in degrees of orientation is
shown in Figure 26. No. 29 represents a viscose thread spun
with a hook guide, and its preferred orientation is only slight;
No. 38 represents a sample of a well-known grade of cupram
monium rayon which possesses marked fiber structure.
The comparative physical data are as follows:
S p e c im

Early Viscose rayon
German Bem berg
F ig u r e 27— C o m p a r is o n o f V isco se R a y o n w ith G e r m a n B e m b e r g o
L ow er T e n a c ity

E

l o n g a t io n

D ry

W et

%

%

1 7 .3
11.6

2 0 .0
16.2

Thus there is evidence to indicate that a sweeping generali
zation cannot be made to the effect that a high degree of
orientation in a thread is always accompanied by a definitely
increased tenacity. The marked exception, however, occurs
when cuprammonium rayons are compared with viscose
rayons, while within each class the relationship between
orientation and tenacity seems to hold. The x-ray data
indicate that in cuprammonium threads there is a higher
degree of orientation with respect to the tenacity than in the
viscose rayons, perhaps because in the former type the spin
ning tension is applied to a very highly swollen complex.

The increase in the orientation in the series is not great,
although the negatives for the x-ray patterns distinguish
the members more clearly. The direct spin produces only
the slightest evidence of fibering, as is to be expected, while
the maximum effect is probably imparted by the multiple
guide.
V i s c o s e v s . C u p r a m m o n i u m R a y o n —Attention already
has been directed to the fact that for a given tensile strength
cuprammonium threads may display more perfect orientation
than a viscose thread. Another important distinction hither
to unnoted can be made upon the basis of x-ray test. The
cellulose particles or micelles in viscose rayon seem to be
fundamentally different from those in the original wood pulp
or cotton linters. This is indicated by the fact that the
diameters of the diffraction rings found in all viscose rayon
diagrams are less than those in the diagrams of the raw ma
terial. This means that the diffraction spacings and the
unit crystal cells are larger in the viscose rayon. On the
other hand, the diagrams for cuprammonium rayon m ay be
superposed exactly on those for the raw materials, indicating
that there has been less alteration of the cellulose micelles
than in viscose rayon. Furthermore, as a means of identi
fication of an unknown material as between the two processes
the x-ray method offers great possibilities.
M ic e l l a r

S iz e

and

L ength

of

P r im a r y

V alence

C h a i n s i n R a y o n —A

measurement of the breadths of the
diffraction maxima together with application of the Laue
equation, as explained in the first part of this paper, leads
to an evaluation of micellar size. Hengstenberg and Mark
(4) were the first to make such comparison between native
cellulose and rayon and obtained the following data:
P

N ative ramie
Viscose rayon

e r p e n d ic u l a r t o
F ib e r A x is

a.
55
41

A

lono

F

ib e r

A

x is

A.
600
305

This measurement indicated that chain lengths in the rayon
specimen were only half as long on the average as in native
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Hook guide
Vane guide
M ultiple guide
F ig u r e 28— P a tte r n s I llu s tr a tin g E ffect o f T y p e o f G u id e o n V isco se T h r ea d S t r u c t u r e s

fibers. In the present work, still far from complete, it has
been found that the rayon patterns are always more diffuse
and the micelles smaller than in the native raw material.
However, this factor is found to vary with conditions from
perhaps 150 nearly to 500 Â. for the chain lengths, and
evidently m ay be controlled within limits. Certainly micellar size is a characteristic of equal importance, both theo
retically and practically, with the type and degree of pre
ferred orientation of the micelles with respect to the fiber
axis, to which primary attention has been given in this paper.
A later contribution will present detailed data on the analysis
of microphotometric curves for diffraction patterns and on
the search for large periodicities by direct diffraction. Other
things being equal, a marked decrease in mieellar length can
mean only that the chemical treatment in manufacture has
been sufficiently severe to break primary valence bonds
irreversibly, corresponding to a mechanical tensile value of
800 kg. per sq. mm., or more than five times that of the strong
est steel.
In order to obtain a product of the highest possible quality
the cellulose micelle must be broken down and degraded as
little as possible. As sulfiding seems to cause more degra
dation than mercerizing, the addition of carbon disulfide in
the viscose process should be as small as possible, consistent
with sufficient dispersion to enable the product to be spun,
which is in accordance with modern industrial practice.
The action of Schweizer’s cuprammonium hydroxide solu-

tion on cellulose can also be interpreted on similar application
of the micelle concept; in order to get the dispersion of the
cellulose required, it is sufficient to cause a number of hy
droxyl groups in the cellulose to react just enough to allow
the amount of imbibition that will cause dispersion,and there
is nothing to be gained by causing more hydroxyl groups to
react. The fact that cuprammonium silk has always been
esteemed for its high quality is suggested as indicating that
the reagent is able to swell and disperse cellulose with rela
tively little diminution of the micelle size in some such way
as by allowing much water to be imbibed with relatively few
■hydroxyl groups reacting (8).
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N otes on Lubricating Greases Made from the Soaps of
Phenyl-Stearic A cid 1
W illiam S. Gilfoil
L

o u is ia n a

O

il

R

e f in in g

C

■\ 7ARIOUS greases were made from the phenyl-stearates
* and their properties compared with the oleate greases.
The phenyl-stearic acid was made from technical (98.5 per
cent) oleic acid, c. p . benzene, and technical aluminum chlo
ride, anhydrous (1). The resultant product, when saponified
with calcium hydroxide, and compounded with mineral oil
in the usual manner, formed lubricants having the same
properties as the calcium oleate greases. The sodium-base
greases were also very similar to the corresponding sodium
oleate greases.
Phenyl-stearic acid was dissolved in 95 per cent ethanol,
1 Received M arch 27, 1930.

o r p o r a t io n

, S

h rev epo rt

, L

a

.

and the lead soap precipitated with lead acetate. Lead
phenyl-stearate is a white compound, insoluble in ethanol
and water, slightly soluble in diethyl ether, and somewhat
soluble in mineral oils. Its solution in mineral oil corre
sponds to the commercial lead oleate grease.
The soaps of phenyl-stearic acid will make as good, but no
better, greases than the oleates. The cost of the phenylstearic acid will be so much higher than that of oleic acid as
to render its commercial use as a lubricant base impractical.
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Cellulose in V irginia1
I—Pulp and Paper
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HE same factors which influenced the founding of the
first English colony in America at Jamestown in 1607
appealed to later enterprisers who likewise foresaw
the enduring economic advantages of the James River basin.
Today a thriving chemical industry of wide diversification
dots this historic valley from east to west. Cellulose is the
basis of 65 per cent of the chemical processes flourishing
in Virginia at present, of which 26 per cent is contributed
by the pulp and paper mills. Scattered along the three
hundred odd miles of twisting waterway which extends
westward from Hampton Roads into the Alleghanies of the
West Virginia border are now ten plants of the fifteen situated
in Virginia. (Figure 1) From the thickly clad slopes of the
neighboring hills come large quantities of loblolly pine, mark
ing the eastern end of the southern pine belt which sweeps
across the United States to Texas and furnishes an important
raw material to the kraft pulp manufacturers. Water, raw
materials, and water transportation point to an interesting
study in economic geography here.

lithograph, writing, blotting, envelope, and medium highgrade specialties of the index and bristol type combine
to form a group of paper manufactures occupying first place
in point of annual tonnage among the pulp and paper products
of the state (Table I). This will perhaps come as a surprise
to those who had inferred from the proximity of large pine
reserves that the production was largely of the sulfate or
kraft type. Capacities for the latter have been considerably
increased since 1927, and Virginia is now able to manufacture
420 tons per day of a series of kraft products entering into
automobile panels, wrapping paper, and substantial arti
ficial willow furniture.

Nature of Pulp and Paper Products

The pulp manufactured and not consumed at the point
of origin is 40 per cent kraft, 23 per cent soda fiber, 29 per
cent cotton, and the rest sulfite. M ost of this is consumed
outside the state. Capacities for corrugating board and liner
board largely non-kraft in character are of interest owing
to the excellent outlet thereby provided for spent chestnut
chips from several large extract plants in the state. N ot
only is a waste product of the tannin industry turned to

T

A wide variety of pulp and paper products is shipped
from Virginia. Super-calendered and machine-finished book,
‘ R eceived March 4, 1930. Presented before the General M eeting
under the auspices of the Division of Industrial and Engineering Chemistry
a t the 79th M eeting of the American Chemical Society, A tlanta, Ga April
7 to 11, 1930.
2 Chairman, Industrial Com m ittee of Virginia Section.

T a b le I — E s t im a te d D a ily P r o d u c tio n fo r V a r io u s P u lp a n d P a p er
P r o d u c ts
Tons
P ercen t
W riting, blotting, book, and litho
423
3 1 .0
100 per cent kraft paper, board
420
3 0 .8
Pulp, all kinds, for sale
310
2 2 .8
Other board, corrugating, liner
210
1 5 .4
T otal

1363

10 0 .0
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good account here, but at least one large kraft manufacturer
commanding important pine reserves is marketing such
profitable by-products as turpentine, rosin, rosin soap, and
pine oil.
The m ost recent acquisition in Virginia’s paper industry
adds a distinctly novel item to the list of paper products in
the form of transparent waterproof wrapping paper similar
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tonnage basis current statistics, if available, would show
this state a close contender for first place. The value of
increased production accounted for by new Virginia plants
described below, however, would indicate that this state
will contribute about 40 per cent of the value of southern
paper in 1930. Convenience to both northern and southern
markets and, through Hampton Roads, to world markets
encourages the manufacture of any paper commodity whose
production is not limited by remote sources of low-cost
bulky raw materials.
T a b le I I — D is tr ib u t io n o f P a p er I n d u s tr y in th e South®
N o. o f
V alue of
Statu

E

200

^

F ig u r e 2 — C o m p a r a tiv e Pap er P r o d u c tio n , V ir g in ia a n d
U n ite d S t a te s

to Cellophane, which protects the contents of the package
while permitting visual inspection. While this new cellulose
industry processes wood pulp by the viscose method to a spinnable liquid and thus in part resembles a rayon plant, the
subsequent operations and the form and marketing character
istics of the product suggest classification with the paper in
dustry. This capacity has not, therefore, been included in
the subsequent article on rayon.
V irginia’s P osition in Southern Paper Industry
The combined annual production of the paper mills in
this state is greater than in any other southern state,3 both
in tonnage and value, according to the 1927 Biennial Census.
As shown in Table II, this amounts to approximately 31

P

s t a b l is h m e n t s

Virginia
Louisiana
M aryland
W est Virginia
T ennessee
Other Southern States

9
9
10
6
3
12

roducts

$19,481,040
15,518,937
11,325,129
4,588,760
2,265,719
9,000,000&

49
$62,179,585
° Census of M anufactures, 1927, Paper and Pulp, p. 13.
b 12/22 of value shown for a total of 22 plants in all "Other S ta tes.”

Recent expansion includes three new plants having a total
capacity in excess of 225 tons per day. The first of these, a
82,000,000 liner-board mill now in full production, is located
at Lynchburg, Va., operated by the John H. Heald Company
and the Mead Paperboard Corporation of Dayton, Ohio,
under the former’s name, and uses extracted chestnut chips
mixed with a certain percentage of sulfate pulp from other
sources in a 16-point liner. A t W est Point, Va., the newlyformed Albemarle-Chesapeake Company has completed
a 100-ton paper and liner plant, housing what is claimed to be
the largest and fastest Fourdrinier in the world running on
kraft stock. This development has induced an expansion
in the already established Chesapeake Corporation manu
facturing kraft pulp close by. The third new plant is hardly
in production yet, located at Fredericksburg, Va., near the
Rappahannock River, and operated by the Sylvania Indus
trial Corporation (Figure 3) for the manufacture of trans
parent viscose paper from wood cellulose.

F ig u r e 3— W orks o f S y lv a n ia I n d u s tr ia l C o r p o r a tio n , F r e d e r ick sb u r g , V a.

per cent of the total southern paper production. Unfor
tunately, later comparable production data of equal ac
curacy are not yet available, due to the time lag in pub
lishing census figures, but recent expansions in paper and
pulp capacities all over the South would undoubtedly change
some figures. Louisiana occupies an important position
in the southern paper industry, and it is believed that on the
* "T he South” is taken to include the following states: Alabama,
Arkansas, Florida, Georgia, K entucky, Louisiana, M aryland, M ississippi,
N orth Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia,
and W est Virginia.

R elation to U nited States P roduction
The great growth of the paper industry in Virginia in the
last thirty years is illustrated in Figure 2. Enterprisers
find that healthy development requires more and more
utilization of the aid which only scientifically trained men
can bring, and thus an increasing demand is noted for chem
ists and chemical engineers for both research and control
work. In 1928 the production of paper showed an increase
of 14 per cent over 1927,4 whereas the paper production
4 C ommissioner of Labor and Industry, Virginia, 1929.
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which take form as super-calendered
and machine-finished book and litho
graphic paper, writing, and m apping
paper. A recently installed large-cylinder
machine features their kraft-paper plant.
One is impressed by the large-scale
preliminary operations necessary to the
final manufacturing steps, such as limeand sulfur-burning, causticizing, power
generation, and wood-yard maintenance.
It is at the Columbian Paper Com
pany mill at Buena Vista that we find
the first profitable deviation from stand
ard practice. This plant, engaged in the
production of soda pulp, book paper,
in d e x b r is t o ls , envelope and mimeo
paper, and a number of other similar
m ed iu m high-grade specialites, uses
F ig u re 4—W est V irg in ia P u lp a n d Pap er C o m p a n y , C o v in g to n , Va.
spent chestnut chips which are specially
prepared by a process which permits their use in soda pulp with
of, the entire country registered an increase of only about
very satisfactory results— the only known instance of such
4 per cent. On the basis of the 1927 Census, the average
practice in this country. The poplar wood, cut within a
value per ton of paper manufactured in Virginia is exceeded
by only two states, Massachusetts and New Hampshire radius of 50 miles, is leached before going through the hogging
operation, while the chestnut chips, which have been pre
(Table III). According to the same source, twelve states
viously extracted to less than 1 per cent tannin content,
ranked Virginia on the basis of value of total production,
a fact undoubtedly subject to revision in the light of recent are dried in a rotary drier to less than 50 per cent moisture
on the wet basis. The chips are then used to make up 20
expansion.
to 25 per cent of the total mixed pulp entering the digesters
T ab le III— A verage V a lu e’ per T o n o f Paper M a n u fa c tu r e d in
where
a special soda cook is given. High-grade Scandi
V ariou s S ta te s
navian sulfite is imported for use in certain products. Near
M assachusetts
$163.00
M aine
$88.50
New Hampshire
113.50
Ohio
8 5 .0 0
by lime kilns provide ample and economical sources of lime
Virginia
9 9 .5 0
N ew York
8 4 .0 0
Wisconsin
9 8 .0 0
Washington
8 1 .3 0
for bleaching in conjunction with liquid chlorine, also manu
Pennsylvania
9 6 .0 0
Michigan
8 0 .3 0
factured in the state. A 50-ton plant of the Columbian
Paper Company at Bristol manufactures the only soda
Technical Features
pulp for sale in the state, using black and sweet gums, poplar,
cucumber, lynn, and soft white maple, all cut within a 100The claim for interest is based, not upon size, however,
mile radius.
but upon the technical methods employed, which in several
Down stream a few miles from Buena Vista on the James
cases are unique. The writer has recently visited every
River is the Big Island mill of the Bedford Pulp and Paper
plant in the state.

F ig u re 5—Pap er a n d T a n n ln -E x tr a c t P la n t, J o h n H . H eald C o m p a n y , L y n c h b u r g , Va.

The Covington, Va., plant of the West Virginia Pulp and
Paper Company (Figure 4), one of the largest in the country,
is conspicuous more for completeness of process from basic
raw materials to finished high-grade products than for any
one technical feature. This mill manufactures bleached
sulfite and soda pulp and unbleached sulfate or kraft pulp,

Company. This unit is distinguished as the only mechanical
pine-pulp plant in the country, and combines with this
feature a chemical process believed to be unique. The
washed and selected pulp wood is made to yield a product
of maximum strength with minimum shrinkage. Canadian
sulfite pulp is imported for certain products.
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The new liner-board mill at Lynchburg, operating on the
extracted chestnut chips from the John Ii. Heald Company
(Figure 5), is unique because of the particular product manu
factured with this raw material, to which is added some sul
fate pulp. The Mead interests operate three other plants in
the United States utilizing similar spent material, but in each
case for the manufacture of corrugating board. The impor
tant development which facilitates the manufacture of liner
board in this case depends largely upon the softening effect
on the extracted chips of a sulfite-soda cook under steam
pressure, coupled with the rod-mill treatment. The chest
nut fibers, already somewhat softened by the seven-stage
countercurrent extraction which they have undergone,
are now further disintegrated in the digesters, from which
they enter Allis-Chalmers rod mills, followed by Mid-Western
beaters and Shartle Jordans, finally to yield a very light
cream-colored 16-point board made on a 144-inch BlackClawson machine. The semi-chemical process is a develop
ment of the Forest Products Laboratory. Since tannic acid
is harmful in the product, efficient extraction in the tannin
plant is doubly profitable in the operation of the joint works.
Chemical control has meant the success of this company’s
work where other enterprisers in the same field have not
succeeded in making a profit. A mechanical feature is an
efficient 3600-horsepower boiler plant, using pulverized
coal, full induced and forced draft with preheated air, de
signed to run at 200 per cent rating.
Pulp Im ports Challenge
The increasing importation through Hampton Roads of
Scandinavian kraft and sulfite pulp in small but by no means
negligible amounts constitutes a challenge to American
chemical engineering. Roughly 6000 tons of each variety
are received by water annually, for ultimate consumption
in the Virginia paper industry alone. Sulfite spruce for
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rayon plants is received almost entirely from Canada.
There is a growing need for research in the sulfate process
to increase the narrow margin of profit at present shown by
American operators, as well as to lower the cost of kraft
pulp to the consumer to a point w-here foreign pulp cannot
compete. It should be possible, in the middle of a southern
pine area with as stable and satisfactory a labor supply as
can be found in America, to manufacture kraft pulp profit
ably and deliver it a few miles away at some differential
amount, however small, below the price asked by foreign
manufacturers after a 4000-mile water shipment.
The widespread effect of any one important chemical
development is well illustrated in the case of present ca
pacities for nitric acid by ammonia oxidation. Synthetic
nitric acid is creating a tightening of the salt-cake market,
which to a large extent depends upon the availability of the
niter cake from retort acid. Thus kraft manufacturers are
beginning to look around for other more elastic means for
partially disintegrating southern hard pine to yield the
desirable features of strength and finish thus far enjoyed by
sulfate products.
Capacities for sulfate and sulfite pulp already exist in the
state in more than sufficient amount to provide for all local
requirements; y et a considerable proportion of this excess
pulp, either actual or potential, is not consumed by other
Virginia manufacturers for economic or competitive reasons.
To the extent to which our resources must be duplicated by
purchases is our industrial organization susceptible of simpli
fying improvements to be brought about through better
chemical technology as well as a broader community spirit.
A cknow ledgm ent
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MONG the recent industrial developments of Virginia
perhaps the m ost outstanding and spectacular has
been that of the rayon industry. Starting in 1917
writh a small plant at Roanoke, it occupies today a con
spicuous position among the rayon producers of this country.
Three processes are represented of the four major methods
whose products are in general use. Of a world production
estimated at approximately 462,500,000 pounds for 1930,
the United States manufactures 35 per cent or 162,350,000
pounds, wdth approximately 28 per cent of this made in
Virginia. In Table I appears the estimated production by
states for 1930, together with the percentages of the United
States and world production represented by these amounts.
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la ck sb ur g
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leading positions among the states. The United States
production increased about 35 per cent in 1929.
T a b le II— W orld P r o d u c tio n of R a y o n fo r 1927, 1928, a n d 1929
1928
1929
C ountry
1927
M illion Pounds
9 7 .7 0
123.13
7 5 .0 5
U nited States
4 7 .0 0
59 .0 0
3 6 .0 0
Italy
53 .1 0
52 .0 0
Great Britain
38 .8 0
4 1 .0 0
31 .0 0
45 .0 0
Germany
30 .0 0
3 7 .0 0
21 .0 0
France
7 9 .3 0
64 .1 5
86 .9 3
Other countries
2 6 6.00

T otal

State

M

il l io n

P

ounds

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

P

er

C

ent

U . S.

P

er

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

C

ent

W

orld

9 .9 5
9 .8
5.9 4
2 .0 9
1 .7 3
1.34
1 .0 9
1 .0 9
1 .7 7

Consideration of Tables I and II reveals that the United
States is the largest world producer by a greater amount
than ever before; that Pennsylvania and Virginia occupy
1 M em ber, Industrial C om m ittee of the Virginia Section.

4 0 4 .1 6

T a b le III— E stim a te d D is tr ib u t io n of R a y o n M a n u fa c tu r e by
P ro cess fo r 1930
P

rocess

T a b le I— E s t im a te d P r o d u c tio n o f R a y o n fo r 1930 b y S t a te s
Pennsylvania
Virginia
Tennessee
N ew York
M aryland
Georgia
N orth Carolina
Ohio
Other states (5)

3 4 7.00

Viscose
Acetate
Cuprammonium
N itro

u. s.

V

ir g in ia

M illion Pounds
130.0
2 9 .5
1 7 .5
3 .0
4 .0
1 2 .0
12Í0

Virginia Plants
Virginia has within its borders five plants in production,
distributed as shown in Figure 1, in Part I of this paper.
The D u Pont Rayon Company operates two plants in
Virginia, one at Richmond (Figure 1) and the other at
Waynesboro. The viscose process is used at the Richmond
plant with an estimated annual output of 3.5 million pounds
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of rayon. Operation was started on June 1,1929, and reached
full capacity in September. About 1800 operators are
employed in this unit. It is equipped to pump 25 million
gallons of James River water per day and has a large settling
lake for purification. The Waynesboro plant was started
in the fall of 1929 and is said to use the acetate process
operating under the Rhodiaseta French controlled patents,
producing “acele” yarns with a capacity of 2 million pounds
per year. A model power plant employing some of the
newest mechanical devices forms part of the completed unit.
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district, which is growing rapidly, has shown a surprising
tendency toward the increasing use of rayon. Northern
and southern markets are -within easy reach of all parts of the
state.
The excellent transportation system s of the state are
responsible for the speed with which the finished products
reach the market. Eight different railroad system s are
actively cooperating in the industrial development of Vir
ginia. The port of Hampton Roads offers excellent facilities
for water transportation to all parts of the world.

F ig u r e 1— R ic h m o n d P la n t o f D u P o n t R a y o n C o m p a n y

The water supply is a unique feature of this plant, however,
a single spring existing on the plant site with a flow sufficient
to meet all possible needs. Water flows from the spring at
the correct process temperature, eliminating all necessity
for mechanical control of the humidifying process. It is
planned to establish here at least seven additional units of
the same capacity in the near future, according to report.
The Industrial Rayon Corporation plant at Covington, Va.
(see page 461, this issue), is equipped for the manufacture of
fine denier and multifilament yarns by the viscose process.
On the basis of 150-denier yarn, the annual capacity of this
plant is placed at 6 million pounds. There are about 2000
employees housed in 300 dwellings in the Industrial Rayon
village. Process steam is a by-product of the power plant;
the filtration plant has a daily capacity of 3 million gallons of
water. Over one mile of railroad sidings connect the plant
with the railroads of the state through the Chesapeake and
Ohio Railway.
The Viscose Corporation has in operation at Roanoke, Va.,
what is said to be the largest single plant in the world for
the manufacture of rayon by the viscose process. Comple
tion of the sixth unit early in 1928 brought the annual
capacity to approximately 20 million pounds with a force of
6000 operators.
Affiliated with a company whose main plant is at Tubize,
Belgium, this firm operates at Hopewell, Va., the only plant
in America producing nitrocellulose or Chardonnet rayon.
It was started in 1921 and has reached an annual production of
12 million pounds. It employs approximately 3500 operators.

Abundant supplies of industrial water are available through
out the state; neighboring coal fields and local sources of
such heavy chemicals as sulfuric acid, soda ash, and carbon
bisulfide go far to meet the requirements of the local rayon
manufacturers. Labor is particularly attractive, as the
foreign radical element is practically non-existent at present.
These advantages, together with the comparatively mild
and uniform weather in this state result in low production
costs. Within the past two years the tax system of the
state has been modified to offer added inducements to in
dustrial development.
F uture Outlook

Reasons for Location

The prospects for further expansion in this field in Virginia
are very promising. Organized in May, 1929, by the Tubize
Artificial Silk Company of America and the American
Chatillon Corporation, the American Acetate Silk Company
will produce rayon by the acetate process to the extent of
about 2,250,000 pounds annually, according to current
estimates. The location of this plant has not been definitely
decided, but no new construction is contemplated in Virginia
so far as is known. According to a recent announcement by
J. L. Warner, senior consulting engineer of the E. I. du Pont
de Nemours and Company, another plant will be built by
that company in Virginia as soon as conditions in this lo
cality warrant it. With these plants in operation this state
will have a production which may be expected to stimulate
new and more advanced scientific research at local universi
ties in the chemical technology of rayon manufacture, as well
as the training of suitable chemists and engineers for the
needs of this modern silkworm.

Virginia occupies a strategic position in regard to the
raw materials and markets for rayon production. The cotton
and wood pulp are produced either within the state or by the
neighboring states. The textile market of the Piedmont

As this issue goes to press, the Du Pont Rayon Company an
nounces the immediate erection of a new cellophane plant, to be
located next to the viscose process unit in operation near Rich
mond. The plant is estimated to cost over S2,000,000 and will
employ about 400 operators.

May, 1930
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T he M asonite Process'
Robert M. Boehm
M

a s o n it e

C

o r p o r a t io n

N R EC EN T years public attention has been directed as
never before to the elimination of waste and the profitable
utilization of by-products. All wastes today—agricul
tural, industrial, and the like—are undergoing close scrutiny.
As a result m any materials which were considered worthless,
or practically so, are now being converted into commodities
of great economic value. This has been particularly notice
able in the insulation-board industry, where bagasse, corn
stalks, eel grass, and wood waste are raw materials. From
an economic point of view, what could be more praiseworthy
than to take these materials, of little or no real value, and
convert them into a product which serves as a buffer between
mankind and nature, keeping him cool during the summer’s
heat, warm during the freezing months of winter, and shut
ting out noises which disturb his rest.

I

H istory of Process
The Masonite Corporation is now slightly over three years
old. In that time it has progressed from a small experi
mental station operating two guns and turning out about
40,000 feet of board daily, to the present plant, equipped
with nine guns and turning out over 130 million feet an
nually. It is one of the few developments in the industry
which can boast of an entirely new process. Instead of
reducing the wood structure by chemical means or by grind
ing, the chips are exploded under a steam pressure of 1000
pounds per square inch, thus preserving the fiber structure
without loss through chemical action.
The originator of this process is W. H. Mason, and he has
brought it through the experimental stage to its present
position in the insulation field. Mr. Mason was formerly
with Thomas Edison and for seventeen years worked with
that great inventor on problems of m any types. He first
thought of exploding wood structures while investigating the
removal of naval stores from sawed lumber. When this
1 Received March 3, 1930. Presented before the D ivision of Cellulose
C hem istry a t the 79th M eeting of the American Chemical Society, Atlanta,
G a., April 7 to 11, 1930.
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development was successfully established, he turned his
attention to the explosion process.
The first experiment in the production of Masonite was
rather crude. A gun was made by drilling a hole in a large
piece of shafting. It was filled with chips, a small amount
of water was added, and a tapered steel plug was fastened
in the end. The gun was then placed in a vise and heated with
blow torches until it was assumed that a pressure of about
1000 pounds per square inch had been reached. The steel
plug was then struck with a long bar and the fibers were
blown out of the gun with a terrific report. Enough of
the fibers were gathered up to demonstrate the possibility of
securing a suitable fiber structure in this manner. The
tapered steel plug could not be found; it had apparently
been blown several hundred yards. The fiber was formed
into a board on a small hand frame, run through a wash
wringer to remove a portion of the water, and then pressed
and dried to form insulation board.
The method of making Presdwood was discovered by acci
dent. The idea had been conceived of manufacturing a very
hard, dense board, but efforts to produce it by first pressing
the wet lap and then drying the board in an oven were un
successful. In a neighboring paper mill a small letter press
equipped with steam-heated platens was used to obtain the
moisture content of pulp samples. This was used in some
of the preliminary experiments. One day the steam on the
press was carefully turned off and a portion of w et lap was
placed in the press. For some reason Mr. Mason forgot
about the board in the press for about 2 hours. When he
went back, he discovered a leaking steam valve on the
press and found that the wet lap had been under pressure
and a relatively high temperature for 2 hours. When the
press was opened, much to everyone’s surprise, a very hard,
dense board had been formed. This was the first piece of
Presdwood.
Since the day when the first piece of M asonite was run
through a wash wringer the process has steadily grown. A
pilot mill was first established, consisting of three guns,
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five refiners, a forming machine, and four presses. A t the
present time we have nine guns, four rod mills, fifteen re
finers, two forming machines, and thirteen presses.
Description of Products
Four distinct products are manufactured by the Masonite
Corporation—Insulation Board, Insulation Lath, Quartrboard, and Presdwood.
Insulation Board is made in 12-foot panels, 4 feet wide.
It is 7/ie inch thick and weighs approximately 700 pounds per
1000 square feet. It has many uses based on its insulating
and sound-deadening qualities. It is used to remodel homes
and in the construction of new buildings of all kinds, in re
frigerators and refrigerator cars, in radios, and in telephone
booths—in fact, wherever it is desired to reduce noises or

wood the character of the fiber is entirely changed and a
welding or coalescence of the materials present has been
secured.
Presdwood is advertised as “grainless wood." As such it
has possibilities of use in every place where wood is now
used. Because every sheet is grainless A-grade lumber,
wastage is reduced to a minimum and labor costs are low.
Presdwood is used extensively in the automobile industry,
as an integral part of the bodies. It is rapidly replacing wood
for concrete forms, for when the Presdwood is stripped from
a form the concrete is smooth and without defects, requiring
little or no further work. Furthermore, the Presdwood may
be taken to the next job and re-used. The saving in con
struction costs will be readily realized, particularly when it is
borne in mind that instead of narrow strips of lumber, one
is using 4 by 12 foot panels. There is a saving of labor
in placing the forms, in stripping them, and in the fact that
the wall, when the forms are released, has a smooth, even
surface instead of having picked up the various defects and
irregularities of ordinary forms.
When you look at some “million dollar set” from Holly
wood, whether it depicts a ball-room scene, a palace, or an
exterior, the chances are great that you are looking at Presd
wood. It is used in homes for securing beautiful paneling
effects at a reasonable cost. It is used in speed boats, the
entire hull as well as the seat and cowl being built of ordinary
untreated Presdwood. This illustrates the remarkable water
resistance which makes it invaluable where damp conditions
must be met.
Raw M aterials

C h ip s U sed In P ro cess a n d F iber a fte r E x p lo d in g u n d er
1000 P o u n d s S te a m P ressu re

equalize temperatures. It is distinctly structural insulation,
having a tensile strength of over 200 pounds for a specimen
2 inches wide and 6 inches long, which is equivalent to at
least 225 pounds per square inch. The transverse strength
of the Insulation Board is over 50 pounds for a concentrated
load on a 6-inch specimen resting on 10-inch centers. This
is equivalent to a transverse load of about 100 pounds per
square foot.
Insulating Lath has essentially the same characteristics,
but is furnished in panels with edges cut for a concealed
joint. It is used as a plaster base and for the remodeling of
homes where the full sheets of Insulation Board are not
conveniently handled.
Quartrboard is a denser product than Insulation Board and
is intermediate between Insulation Board and Presdwood. It
is made in panels 4 feet wide and 12 feet long. Quartrboard
is V< inch thick and weighs 700 pounds per 1000 square feet.
It is stronger and more rigid than the structural insulation
and has a wide variety of uses. On account of its relatively
high strength and its insulating value, it is incorporated into
many pieces of equipment as an integral part of the structure.
Presdwood is an entirely new article of manufacture and is
produced only by Masonite. It is manufactured in 4 by 12
foot panels and is made l/ 8 and 3/ie inch thick. It weighs
about 750 pounds per 1000 square feet and has a specific gravity
of about 1.10. Presdwood is an extremely hard, dense
board with a tensile strength of over 4000 pounds per square
inch. It is made with one side smooth and hard while the
other side has a mesh surface. In the manufacture of Presd-

As yet we have found practically no species of wood which
is not suitable for the manufacture of Masonite products.
Some wood gives better results than others, but by slightly
changing the production methods any kind m ay be used.
At present Masonite is made chiefly of longleaf pine (Pinus
paluslris) and southern gum, but it has been made very
successfully from spruce as w'ell as from some of the hard
woods. It may also be made from some vegetable fibers,
provided they have certain general characteristics, although

V iew o f G u n D eck S h o w in g G u n s fr o m W h ic h C h ip s Axe E x p lo d ed

boards made from these materials
those made from wood. Whether
trinsic shortcoming of the fibers of
know definitely, but it is believed
materials do not develop the fiber
degree.

are generally inferior to
this is due to some in
annual crops we do not
that quickly grown raw
structure to a sufficient
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M anufacturing Processes

Wood is received at the plant in three classes—roundwood,
or small logs with the bark on; trimmings and edgings from
saw mills; and wood waste, which contains sharings, bark,
splinters, sawdust, etc., and forms the bulk of our raw ma
terial.
All the wood except the wood waste is run through clippers
which reduce it to chips approximately 3A inch long. These
chips, together with the wood waste, pass through chip
screens, which separate them into fine, medium, and coarse
fractions. The fines, which are practically all sawdust, are
sent to the boilers to be used as fuel. The medium-sized
chips (3A to 1 inch in length) are sent to the chip bins.
The long chips are run through hogs or chip crushers and
then returned to the screens. No effort is made to separate
barks or knots, as these are taken care of in the explosion
process.
E x p lo s io n —The guns used in the explosion process are 20
inches in diameter and 5 feet high, and have a capacity of
10 cubic feet. They are equipped with quick-opening hy
draulic valves at the bottom for the release of the load and
with both low-pressure and high-pressure steam inlets at the
top. Our “low-pressure steam” is at 350 pounds per square
inch which hardly coincides with the customary use of the
term. The high-pressure steam is 1000 pounds per square
inch.
The gun is loaded with chips through a port in the top,
which is then tightly closed. Immediately the low-pressure
steam is admitted, bringing the chips to a temperature of
approximately 375° F. The condensate formed in this way is
continuously removed from the bottom of the gun by an auto
matic trap system. The chips are left at this temperature for
30 to 40 seconds during which time they are softened and the
moisture content equalized. N o chemicals are added.
The high-pressure steam is then admitted and the gun
brought up to a pressure of 1000 pounds per square inch in
2 to 3 seconds. This is equivalent to a temperature of about
540° F. After remaining at this pressure for about 5 seconds,
the hydraulic discharge valve is opened, and the chips
pass through a small port in the bottom of the gun, where
they explode immediately owing to the high internal pressure.
This completely ruptures the chip and produces a mass of
long fiber bundles. The exploded fibers pass into a cyclone,
where the steam is separated and the fibers fall into a storage
chest. The stock at this point in the process is known as
“ gun fiber.” H ot water, which has been clarified of all sus
pended solids, is added to the stock and the entire mass is
maintained at approximately 160° F. throughout the re
fining. This temperature serves a double purpose—it assists
in the penetration of the sizing emulsions, as explained later,
and it also facilitates the refining of the fiber.
B o i l e k s —The high-pressure boilers supply saturated steam
to the nine guns. They were built by the Babcock & Wilcox
Company and have a total heating surface of 3880 square
feet. They have a single cross drum 4 'A inches thick at
the front, the main tubes being 6/ie inch thick and 3 'A inches
in diameter and the circulating tubes 3A inch thick. The peak
load is 400 per cent rating, the average load being 250 per
cent.
Both coal and wood refuse are burned under these boilers,
as well as under the low-pressure boilers. The feed water is
slightly acid, ranging from a pH of 6.0 to 6.5, and is obtained
from the condensate of the low-pressure boilers. The flue
gas normally has a carbon dioxide content of 16 per cent
when operating on wood refuse alone and approximately 15 per
cent when both wood and coal are being used.
R e f i n i n g —The gun fiber is refined by passing through rod
mills containing rods 3 inches in diameter. The consistency
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of the stock is maintained by a consistency regulator, which
functions by measuring the resistance to mechanical action
of the mixture and adds water to maintain a uniform ratio
of stock to water. Three rod mills are in operation on the
Presdwood unit and one of the Insulation unit. The stock is
screened to remove all fiber which has not been sufficiently
refined for the next operation, and again returned to the rod
mills.
The accepted stock from the rod mills now passes through
a battery of refiners. A refiner consists of a cone-shaped
plug rotating in a shell. Both shell and plug are equipped
with bars, the clearance of which is adjusted by a horizontal
motion of the plug. The stock enters at the large end and
leaves at the small end, reversing the usual procedure of
Jordans, Claflins, and the like.

R od M ills U sed in R e fin in g t h e F ib e r a ft e r It Is E x p lo d e d fr o m
th e S t e a m G u n s

After leaving the refiners, the stock is again screened to
remove all fibers which have been sufficiently refined to enter
the accepted stock. The remainder of the fibers pass through
two more batteries of refiners and then enter the machine
stock chest, ready to be felted into board.
W a t e r p r o o f i n g — Waterproofing consists of a sizing
emulsion having a paraffin base. I t is heated and added
to the stock through a regulator which continuously delivers
it at the desired rate. This emulsion penetrates well into
the fibers and imparts an extremely high water resistance to
the product.
p H C o n t r o l — During the refining the temperature of the
stock is carefully controlled to secure the greatest possible
efficiency. The pH must also be held constant at the optimum
point for greatest efficiency. Since the explosion process
produces free tannic, acetic, and formic acids, as well as
other products, the pH of the stock leaving the guns is about
4.5. In order to secure correct refining as well as to lessen
corrosion of equipment, it is desirable to maintain a pH of
about 6.5. In this case Nature has been very generous.
We have a well which has been sunk to a depth of 1050 feet
and which tapped a rich vein of soda water. This contains
approximately 650 p. p. m. of sodium carbonate and sodium
bicarbonate, and by the judicious use of this soda well we are
enabled to maintain almost any desired pH.
Incidentally, the entire plant is operated on well water.
The other three wells are only 400 feet deep and deliver a
very pure water, almost neutral, and with very low hardness.
P r e s s i n g — The machines on which the fibers are felted
together to produce the “wet lap” have been developed by
this company. They are similar to the ordinary Fourdrinier
paper machine, except that they produce a wet lap about

496

I N D U S T R IA L A N D E N G IN EE RIN G C H E M IS T R Y

Vol. 22, N o. 5

After leaving the humidifier the boards are again inspected
y 4 inch thick rather than ‘/ 32 inch thick or less as on a Fourand graded and are piled in storage to allow complete equali
drinier. They are slightly over 4 feet in width and the wet
zation of moisture. After a week or more in storage, they
end is approximately 40 feet long.
The fibers pass through a head box, where the consistency are ready to be shipped in any size.
C h r o m i u m - P l a t i n g P l a n t — In connection with the manu
is carefully adjusted by another regulator. The stock then
passes to the machine, where it is formed on an endless wire facture of Presdwood, it has been found necessary to install
a chromium-plating plant to plate and polish the 4'A by
57 inches wide. At this point the wet lap is about 2 inches
12‘/ 2 foot plates. A great deal of original work was necessary
thick. It then passes over suction boxes and through press
rolls, emerging, still hot, as a wet lap 3/< inch thick, containing in this installation, since we are practically pioneers in
the chromium plating of objects of large size. The plant has
about 65 per cent water. An automatic cut-off knife cuts
been in operation about nine
th e w et la p in to 1 2 y r foot
m o n th s a n d , although m any
lengths. These pass along table
complications were found, on the
rolls until they reach an auto
whole it is operating extremely
matic tipple, which feeds them
well.
into large movable racks, each
of w h ich holds twenty panels
Process Control
and consists of an endless screen,
The control of the entire proc
mounted on driven rollers.
ess m ust be v e r y c a r e f u lly
From the racks, the boards are
watched. The wood is tested
fed into the presses. Each press
periodically for moisture, bark,
ta k e s tw e n ty boards and is
and imperfections. While wood
a c tu a te d by three large hy
is not rejected unless it is proved
draulic rams 50 inches in di
to be extremely poor, a differ
ameter. Between each board is
ence in treatment is necessary
a steam-heated platen covered by
for different types. For exam
a wire screen fastened to rollers,
ple, very dry wood will not re
which are driven to insert or re
quire so much time in the guns
move the boards. On top of
d u r in g the preheating period.
each P resd w o o d board is a
Soft wood will not require the
polished chrome plate which im
same degree of refining as harder
parts a smooth finish and a hard,
glossy surface.
wood.
F or p r e ssin g Insulation or
The control of the guns must
Quartrboard, the p r e sse s are
be watched very closely since,
equipped with stops which hold
when dealing with pressures of
the boards at the desired thick
this magnitude, a few seconds
ness. The boards are dried in
one way or the other m ay result
th e p ress, requiring about 30
in a raw or burned shot. How
minutes. In making Presdwood
ever, by means of pressure regu
C o m p le te d A m e r ica n S to r a g e C o m p a n y B u ild in g , L os
no stops are used, and the full
lators and recorders and a close
A n g e le s. P resd w o o d U sed fo r C o n c r e te F o r m s o n
A ll F la t S u rfa ce s
pressure of 300 to 400 pounds
examination of each shot, it is
per square inch is placed on the
possible to obtain very uniform
board. This pressure may be varied to suit different condi results, even though the wood used varies in moisture, bark
tions of fiber, but it must be great enough to cause a coa content, and size of chips.
lescence or welding of the fibers at the press temperature. The
The refining is watched by men who have been trained to
drying time for Presdwood is about 15 minutes. During this
recognize proper fiber length instinctively. Their judgment
time the board is converted from a soft, spongy mass of fibers is checked up continually by freeness tests and by analyses
to the extremely hard, dense product which is known as Presd of the fiber by separatory screens or fiber counts or both.
wood. The fibers lose many of their original characteristics These are referred to standards which have been set up, and
and become hard and glassy. It is believed that the lignins
by comparing the run of any refiner with the corresponding
present in the original wood, separated by the explosion process,
sample, both enlarged ten diameters on a balopticon, very
become reunited or welded together to produce this product.
small differences can be recognized and corrected.
H u m i d i f i c a t i o n —When the press is opened, the boards
The addition of the waterproofing is automatically con
are again placed in the movable racks and, after being in trolled, but m ust be checked periodically, both by extraction
spected, tested, and graded, are run through a humidifier,
of the finished product to determine the retention of the size
in which there is a moisture regain of about 7 per cent. Tin's and by tests for water absorption. These tests are made
operation is carefully controlled so that the moisture content
every 40 minutes and give a running check on the produc
of each piece of Presdwood shipped will correspond to the
tion.
average humidity of the district where it is to be used.
The operation of the felting machines is under the control of
Although Masonite products are very well waterproofed, if
skilled men and is checked regularly by the control laboratory,
exposed to damp conditions, a certain amount of moisture
by means of tests for consistency, temperature, and freeness
will be absorbed and some expansion will follow. While this
of stock, and caliper, weight, and moisture content of the wet
amount is small, it may cause a warping of the surface under
lap. Machine operation is also closely watched.
extreme conditions if the board is not humidified.
Application of pressure and temperature in the presses is
The humidifier is 18 feet wide by 180 feet long and has a
carefully controlled, since slight differences here m ay greatly
capacity of seven hundred 4 by 12 foot panels. The panels
change the character of the product. Recording gages main
remain in the humidifier about 10 hours at 80° F. and 100
tain a complete record, while periodical examinations dis
per cent relative humidity. This insures a moisture uptake
close any variations.
of about 7 per cent.
After the boards have been removed from the presses, they

May, 1930

I N D U S T R IA L A N D E N G IN E E R IN G C H E M IS T R Y

are sampled, and physical tests, including tensile strength,
deflection, and bursting strength, are made. The weight and
caliper are taken and a portion of the sample is tested for
moisture absorption. In addition, each type of board has
certain tests which are made periodically to determine its
value for specific applications. Any boards which do not
m eet the rather rigid specifications are graded out. Further
more, these tests, since they are made at short intervals,
afford a running check on production and any variations from
the standards of operation can be immediately corrected.
The moisture regain in the humidifier is carefully checked,
not only by spot tests and inspections, but by weighing entire
truck loads of boards to determine the moisture regain.
A control of the water used in the process is very important,
particularly since we have a neutral water, an alkaline water,
and white water which has already passed through the process
and which is re-used to take advantage of its heat content
and the soluble materials it contains. Correct proportions
of each of these must be combined to give the optimum pH
for refining and to reduce corrosion. Furthermore, the water
usage m ust be carefully controlled to prevent overloading of
the system. Since our white water is clarified and re-used,
an excessive supply of fresh water will throw a burden on our
clarifying units.
Since the bark enters the guns with the .wood, during the
explosion it is completely pulverized and, together with some
water-soluble portions of the wood, is in suspension in the
white water. This white water was formerly discharged into
a small stream near the plant which was useless for any
purpose. Owing to the quantity of effluent and its sludge,
the stream turned a deep brown and was relatively unsightly,
although it was no menace to public health. It was found,
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however, that the re-use of the white water without the bark
would pay for the removal of this sludge, due to the heat and
the dissolved solids in the effluent. This is now being done,
thus, partially at least, solving the problem of stream pollu
tion as well as saving money by the re-use of the white water.
Research Activities
Undoubtedly the most fascinating part of our research
activities is the attempt to follow chemically the changes
which occur in the process and to investigate the possi
bilities of various by-products.
The dream of every manufacturer of insulation board is to
have m any gradations of fiber length, each in its separate bin,
from which he may combine a certain amount of one length
with some of another, securing the optimum results so far as
strength, rigidity, and density are concerned. While this is
not feasible in practice, we are striving to accomplish this by
systematic studies of the effect of various fiber lengths on the
physical properties of the board, both by studies of the indi
vidual fiber and by semi-commercial experiments. The
photomicrograph and the balopticon have greatly aided us in
this study and, although definite results come slowly, we are
gradually gaining an insight into the private lives of these
fibers and their reactions.
An entirely different line of research is the investigation of
the uses of different types of machinery and modifications of
our existing machines. This calls for an investigation of the
design and uses of many kinds of equipment. Clappers,
screens, guns, rod mills, refiners, machines, presses, and so on—
all come under close scrutiny and we try to be always on the
alert for possible changes or modifications which will tend
to improve operation or reduce cost.

Semi-Commercial P roduction of Xylose
W. T. Schreiber, N. V. Geib, B. Wingfield, and S. F. Acree
B

ureau

or

S ta nd a rd s, W

BOUT two years ago the Bureau of Standards was
authorized by Congress to investigate and to develop
uses for the so-called waste products from the land.
“W aste products from the land” are understood to be those
parts of the farmers’ crops which have no commercial value.
Cottonseed kernels, before the advent of the cottonseed-oil
industry, were in this category. Now there is a market for
cotton fibers, linters, and seed kernels; while the bulk of the
crop— the leaves, burrs, hulls, roots, etc.—has no value. If
it were possible then to develop uses for these products, either
as such or after chemical treatment, the farmer, as well as the
rest of the country, would undoubtedly profit.
The Bureau divided its work on waste products from the
land into three more or less correlated parts.

A

(1) The laboratory research on many of these products is
being done in Washington.
(2) A cooperative research with Iowa State College is being
carried out on the production of wall board from cornstalks
at Ames, Iowa.
(3) An experimental semi-commercial plant for the pro
duction of xylose from cottonseed-hull bran has been in operation
at the Anniston plant of the Swann Corporation for the past year.
1 R eceived M arch 27, 1930. Presented b y W. T . Schreiber before
the D ivision of Industrial and Engineering C hemistry a t th e 79th M eeting
of the American Chemical Society, A tlanta, Ga., April 7 to 11, 1930.
2 Publication approved b y the D irector of th e Bureau of Standards
of the U nited States Departm ent of Commerce.

a s h in g t o n

,

D. C.

This development has been a cooperative project of the
Alabama Polytechnic Institute, the University of Alabama,
the Swann Corporation, and the Bureau of Standards. It
is the purpose of this paper to discuss xylose and the operations
of the xylose plant at Anniston, Ala.
Previous Work on X ylose
Xylose is a dextrorotatory five-carbon sugar. It is not new
to the scientific world, although until recently it sold at the
exorbitant price of S100 per pound. This was true despite
the fact that xylan, the condensation product from which it
is obtained, is, next to cellulose and lignin, probably the m ost
widely distributed organic compound found in nature. Koch
(S), its discoverer, isolated xylan from wood in 1886. Since
then it has been obtained from innumerable plant materials.
It has been found in various grains, straws, gums, woods,
parts of the com plant, and other plant substances.
Koch prepared xylose by extracting wood with a caustic
solution, precipitating the xylan from the extract with alcohol,
and hydrolyzing the xylan to xylose. In 1899 Bertrand (1)
showed that xylose could be prepared by direct hydrolysis
of oat straw and therefore that the isolation of xylan before
hydrolysis was unnecessary.
Interest in xylose seemed to lapse from that tim e until the
World War. Then, because of the greatly increased demand
for acetic acid, research on xylose was resumed. The reason
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was that the fermentation of xylose with certain bacteria found
in silage, soil, etc., gives acetic and lactic acids.
During the period from 1917 to 1923 considerable work was
published on the recovery of xylose. Hudson and Hardy (2)
treated cottonseed hulls with ammonium hydroxide and then
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which this experimental xylose plant was built and operated
were in the main as follows:
(1) To prove that xylose could be made from cottonseedhull bran on a semi-commercial scale with more or less standard
equipment.
(2) To produce a sufficient quantity of xylose to meet the
needs of those investigators interested in finding and developing
uses for xylose.
(3) To develop and test thoroughly a process which will
produce economically a good grade of xylose on a semi-commercial
scale.
(4) To obtain sufficient data from which probable xylose
costs when made on a plant scale might be calculated.
Operations of Sem i-C om m ercial P lan t

F ig u re 1—A g ita tin g D ig e ster

The essential operations used in the xylose plant for re
covering crystalline xylose from the cottonseed-hull bran
were: (1) pretreatment of the bran, (2) extraction, and
(3) processing the extract.
Pretreatment had for its object the removal of gums, ash,
and other impurities from the bran. It was found that the
successful crystallization of xylose was dependent on the
thorough removal of these substances. If these compounds
were allowed to remain in the bran, they would be dissolved
in the next step of the process and carried along in the extract.
In that case the crystallization of xylose would be seriously
retarded and the* purity and yields of the crystalline product
lowered.
The m ost satisfactory method found for the removal of the
gums was to digest the bran with hot water under pressure
and follow this treatment with a cold-water wash. To re
move the ash the gum-free bran was thoroughly mixed with
cold dilute sulfuric acid, the acid drained therefrom, and the
bran washed with cold water.

extracted the xylose from the hulls with 7 per cent sulfuric
acid. They treated the extract several times with decoloriz
ing carbon and finally crystallized the xylose from an alcoholic
solution. Sherrard and Blanco (6‘) used a similar process for
the recovery of xylose, but they extracted under higher pres
sures. La Forge (4) recovered the gum from corn cobs with
hot water under pressure before he extracted the xylose.
Work of Bureau of Standards
The Bureau of Standards took up the work of xylose re
covery from cottonseed-hull bran in 1928. Perhaps it would
be well to say a word on what the trade understands by the
term “cottonseed-hull bran.” Cottonseed as it comes from
the gin is made up of the kernel and the hull, or outer shell,
to which some cotton fuzz is still attached. The kernel is
separated and used in the cottonseed-oil industry. This
leaves the hull plus the fuzz, which is called the cottonseed
hull. The material remaining after the fuzz is removed is
known as cottonseed-hull bran. Analyses by Markley (5)
show that cottonseed-hull bran contains between 30 and 35
per cent pentose. This is a greater percentage of pentose
than is found in any other known plant material. The pos
sible production of cottonseed-hull bran in this country is
between 1 and IV 2 million tons per year. This material, too,
has the decided advantage of being one of the few waste prod
ucts from the land which is already gathered. Cottonseed
hulls are collected at the cotton-oil mills. A few mills remove
the fuzz for use in making rayon and paper. Y et the market
for hull bran is exceedingly limited. Only a very small
amount finds use as a filler in cottonseed meal and cottonseed
cake.
It was for these reasons that the Bureau of Standards de
cided to work on cottonseed-hull bran. After considerable
laboratory research at Washington, on the recovery of xylose
from cottonseed-hull bran, the work was transferred to the
semi-commercial plant at Anniston, Ala. The purposes for

F ig u r e 2— C ir c u la tin g D ig e ste r

The extraction of the xylan from the gum and ash-free
bran and the hydrolysis of the xylan to xylose was the next
step in the process. H ot dilute sulfuric acid under steam
pressure was used for this purpose. Essentially, the process
ing of the extract consists in the removal of the sulfuric acid
by precipitation with lime, the concentration of the xylose
extract to supersaturation, crystallization, and the separation
of the crystals from the mother liquor.
Pretreatm ent and Extraction
The work on pretreatment and extraction was divided into
two parts, as experimentation was carried on with two differ
ent types of digesters.
W i t h A g i t a t i n g D i g e s t e r —The first, a so-called agitat
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ing digester (Figure 1), consisted of an insulated, vertical,
steel, lead-lined cylinder of about 400 gallons capacity. This
was equipped with a lead-covered triple-paddle agitator oper
ated by a 3-horsepower motor at about 75 r. p. m. The cylin
der was fitted with a charging hole at the top, a discharge
hole at the bottom, and a lead steam coil fastened to the lower,
inner walls. A compressed-air connection, to be used in re
moving settled bran from the outlet valve, was made just
above the outlet inside the digester. Three 400-gallon tanks,
two lead-lined and one wooden, were used to drain and wash
the bran. These tanks were fitted with false bottoms which
were perforated with Vrinch holes spaced
inch apart.

F ig u r e 3— F ilte r P ress

The tanks were placed underneath the digester, where a lead
swing chute made it possible to empty the digester into any
one of the tanks. Two 100-gallon tanks were used as re
ceivers for the drained extract and rinses.
In the hot-water pretreatment in this digester, water was
put in,, the agitator started, and a charge of bran added.
The manhole cover was clamped in place and steam was passed
through the heating coil and regulated, after the air was bled
off, so that the pressure inside the digester remained at 15
pounds. After 2 hours’ digestion the pressure was released
and the bran was run into one of the 400-gallon tanks and
and well washed with cold water. The bran was then trans
ferred back to the digester and added to water containing
enough sulfuric acid to make the solution 0.25 normal. After
this mixture was agitated for 1 hour, the bran slurry was dis
charged into a 400-gallon tank and washed free from acid
with cold water.
Finally, the wet bran, free from gum and ash, was again
transferred to the digester for extraction and added to a solu
tion containing sufficient sulfuric acid to make the extracting
solution 0.20 normal. The mixture was agitated under a
steam pressure of 10 pounds for 2 hours and then discharged
into a lead-lined tank. The extract was next drained and
the bran washed with previous rinses and with water. The
rinses were used for further extraction and rinsing, while the
extract was transferred to the treating tanks for processing
or for extracting more sugar from fresh bran.
The ratio by weight of liquid to bran used with the agitat
ing digester was 3 to 1. This ratio was necessary in order to
obtain a slurry that could be agitated. The large volume of
liquid needed for agitating purposes necessarily gave a rather
low concentration of xylose in the extract. A high concentra
tion of xylose in the extract was undoubtedly m ost desirable.
In such a case evaporation, as well as acid costs for unit
amount of xylose extracted, would be lowered. To build
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up the percentage of xylose, these extracts were used repeat
edly as the extracting solution on succeeding batches of bran.
The pretreated bran retained 100 to 110 per cent water figured
on the original weight of bran. Assuming a loss of 2 per cent
xylose on the original weight of bran in the hot-water pre
treatment and an average xylose content of 31 per cent on the
original weight of the bran, the ratio of xylose to water in the
extracted mixture could not be greater than 29 to 100. Thus
the maximum sugar strength to which the extract could be
built is approximately 22.5 per cent by weight, or 25 grams of
xylose per 100 ml. of extract.
Practically, this figure has never been reached in this plant
or in the work done at Washington. In the agitating type
of digester uniform yields were obtained when the sugar con
tent of the extract was built up to approximately 15 grams per
100 ml. When the concentration of the xylose in the extracts
was built up beyond this figure, by successive extractions with
the same extracting medium, the yields of xylose from the
bran were lowered by as much as 5 per cent on the bran or 20
per cent of the recoverable xylose. Just why this should be
so is not at present understood. Therefore the extracts in
this work were built up to only 15 grams per 100 ml. of xylose
before processing, although it has been possible to build up
this concentration to 21 grams per 100 ml.
W i t h C i r c u l a t i n g D i g e s t e r —The other digester, the
so-called circulating digester (Figure 2), consisted of an insu
lated, vertical, steel, lead-lined cylinder of about 200 gallons
capacity. It was fitted with a perforated lead false bottom,
a discharge hole at the bottom and a charging hole at the top.
Lead piping connected the bottom of the digester through a
lead-lined centrifugal pump, through a shell and tube heater
consisting of a lead coil and a steam jacket, and back again
through the top of the digester. It was possible by this ar
rangement to circulate hot water, cold acid, or hot extract
through the practically stationary bran.

F iß u r e 4— V a c u u m E v a p o ra to r

In the operation of this digester the required amount of
water was first added, and then the bran. The charging-hole
cover was closed and the water circulated through the steamheated coil and the bran at a steam pressure of 15 pounds.
The bran was washed for three successive periods of one-half
hour each. A t the end of each hot-water wash the bran was
drained and fresh water added. After the third wash cold
water in small quantities was allowed to leach through the
bran until the wash water came through practically clear.
Cold 0.25 N sulfuric acid was then circulated through the
bran for 1 hour, followed by a cold-water wash as above.
Finally hot 0.20 N sulfuric acid was circulated through the
bran for 2 hours at a steam pressure of 10 pounds. The ex
tract was then pumped to the treating tanks and the bran
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leached with previous rinses and water. These rinses were
then pumped to the treating tanks for processing or were
used for further rinsing.
The ratio by weight of liquor to bran in this type of di
gester was about 21/« to 1. Results obtained in building up
the extract in this digester agreed with those secured in the
agitating digester.
A d v a n t a g e s o f E a c h T y p e o f D i g e s t e r —Each of the di
gesters experimented with had certain inherent advantages
as well as certain disadvantages. The agitating type had the
advantage of making possible the use of bran containing a
considerable quantity of fines. Further, every bran particle
was subjected to a thorough and identical treatment. The
main disadvantage was that it required considerable handling
of the bran and an increased amount of acid. Packing and
channeling difficulties were encountered when bran containing
a considerable quantity of fines was used in the circulating
digester. For coarse bran, which contained a negligible quan
tity of fines, the circulating digester seemed to give greater
yields and had the advantage of requiring no handling of the
bran during the processing operations.
O t h e r D e t a i l s o f O p e r a t i o n s —The details of the opera
tions given above were based on numerous experiments and
were considered to be the optimum conditions for plant opera
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used which removed m ost of the deleterious gums and yet
left intact the greater part of the xylans.
Both the hot-water treatment and the cold-acid wash con
tain by-products, uses for which have not been extensively
investigated. The former contains gums, while the solids
in the latter are largely potash salts.
Processing of Extract

The treatment of the extract was the next step in the proc
ess. Considerable work was done in which the extract was
treated with decolorizing carbon to remove the color and pos
sibly gums and other impurities. The data showed that the
use of carbon was unnecessary; it improved the color of the
crystalline product, but the added cost did not seem war
ranted. The yields and reducing-sugar content of the crystal
line xylose obtained from carbon-treated liquors and from
untreated liquors were approximately the same. However,
for recrystallization work a carbon treatment was resorted
to as a very pure product was desired.
The first operation of the treatment process was to neu
tralize the extract to a pH of 2.8 with a milk of lime slurry.
It was then filtered through a plate-and-frame filter press
(Figure 3) and concentrated to a specific gravity of 1.28
in a single-effect vacuum evaporator (Figure 4). This solu
tion was again filtered and concen
Flow S h e e t for th e M a n u fa c tu r e o f X y lo s e fr o m C o tto n s c e d -H u ll B ran , U sin g C ir c u la tin g
trated to a specific gravity of
D ig e ster
1.350 at 45-50° C. The purpose
of the intermediate filtration was
6 lbs. 8 oz. of
376 lbs. of rinses
100 lbs. of air1480 lbs. of water
to reduce the ash in the final prod
fo r
extraction
dried bran con
1.84 H jSO i
taining 30 lbs. of
and rinsing from
uct by removing as much calcium
previous run
xylose
sulfate as possible from the solu
tion before supersaturation. At
specific gravities above 1.28 filtra
(Bran left in digester during following 6 operations)
tion was slow and difficult, and
D igest with 530 lbs. of water at a steam pressure of 15 lbs.
there was danger of premature
Wash with 330 lbs. of cold water
crystallization.
Circulate through the washed bran with 130 additional lbs. of water and
3 lbs. 9 oz. of H2SO4
C r y s t a lliz a t io n was accom
Wash with 330 lbs. of cold water
plished in two ways. One was to
D igest washed bran with 145 lbs. of rinse containing 14 lbs. of xylose and
allow the supersaturated xylose
2 lbs. 15 oz. of HiSOi at a steam pressure of 10 lbs.
sirup to stand in oak barrels. This
Wash with 330 lbs. of rinses and cold water
standing method of crystallization
required from 15 to 35 days for
Waste. 730 lbs. of wa
completion. The other method
180 lbs. of extract con
376 lbs. of rinses con
ter, 4 to 6 lbs. of gums,
taining 26 lbs. of xylose
taining 26 lbs. of xylose
was to use a crystallizer in which it
water-soluble ash, and
2 lbs. of xylose
1 lb. of CaO
was possible to obtain controlled
N eutralized to a pH of
2.8
conditions of temperature and agi
Waste. 460 lbs. of wa
tation. Complete crystallization
ter, acid, gums, and ash
Loss of 1 lb. of xylose in •
16 lbs. of wash
Filtered
precipitate
was thus obtained in 30 to 48 hours.
water
Waste. 50 lbs. of ex
The crystallizer used (Figure 5)
tracted bran, 60 lbs. of
Concentrated to a sp.
1.70 lbs. of water evapo
water, and 1.5 to 2 lbs.
consisted of a monel-metal shell
gr. of 1.28 in evaporator
rated
of xylose
horizontally mounted on a shaft.
8 lbs. of wash
Filtered
j Loss of 1.5 lbs. of xylose
j->
It was equipped with a spiral
water
agitator driven by a motor work
Concentrated to a sp.
18 lbs. of water evapo
ing through a set of reducing
gr. of 1.35 in evaporator
rated
gears, belt, and sprockets. The
*
temperature control was obtained
Crystallized and
Loss of 2.5 lbs. of xylose
trifuged
by running water over the outside
of the shell from a water-storage
16 lbs. of mother liquor con
ta n k . T h e method used for
13 lbs. of crystalline xylose.
taining 8 lbs. of xylose.
M ay be purified by recrystallization was to charge the
Recovery of this xylose is
crystallization
now
being investigated.
crystallizer with the hot supersatu
Can be marketed in sirup
form
rated sirup. The control water
was started at a temperature of
tion. It must be remembered that the solvents used in the
50° C. and dropped 1 degree an hour. When the control
pretreatments were not strictly selective. Impurities, such
water reached 43° C. the liquor was seeded. From there on
as gums, were only relatively more soluble than the xylans.
the control water was dropped 1 degree per hour to the tem
The operating details used necessarily had to assume a middle
perature of tap water, about 18° C. During the entire
course. In the pretreatment, for example, a pressure was period both agitator and shell were slowly revolved.
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The yields obtained by the two methods are quite different.
Standing crystallization gave yields of a little over 40 per
cent of the original xylose in the sirup on one crystallization,
while first crystallization yields from the crystallizer were
approximately 55 per cent. The reducing-sugar content of
the crystals obtained by the two methods was in general the
same. The analysis showed 90 to 94 per cent reducing sugar,
1 to 2 per cent ash, and the remainder mostly moisture.
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pendent upon the type and purity of the product desired, the
size of the producing plant, which again is determined by the
market for the material, and finally on the delivered price
of the cottonseed-hull bran. Then, too, there is the possi
bility of making the by-products pay some of the recovery
cost.
Perhaps the m ost reliable figures would be the costs of
heat, power, and chemicals in the manufacture of xylose
rather than a possible production cost. Based on figures
obtained from operation on a 100-pound-per-day basis,
the itemized cost per pound of crystalline and sirup xylose
is given in Table I.
T a b le I —C o sts o f H e a t, P ow er, a n d C h e m ic a ls In M a n u fa c tu r e of
X y lo s e
C
Item

U

n it

C

r y s t a l l in e

C ost per lb.
35 cents per $ 0.00840
1000 lbs.
Power
0.7 cent per
0 .0 0 6 3 8
kw-hour
0 .0 0 3 0 0
W ater
5 cents per
1000 cu. ft.
0 .0 0 5 3 9
Sulfuric $1,075 per
acid
100 lbs.
Lime
35 cents per 0.00026
100 lbs.
0 .02343
T otal cost per lb.
Heat

F ig u r e 5—C r y sta lliz er

About 26 per cent of the original weight of the air-dried
bran was obtained in the extract as reducing sugar. Reducing
sugars were determined volumetrically by means of the
iodine-alkali oxidation method developed at the bureau
especially for this work. Nearly half of this amount was ob
tained as brown crystalline xylose in two successive standing
crystallizations or in one controlled crystallization. One
recrystallization of the brown xylose from water gave about a
65 per cent yield of white, crystalline xylose of very high pu
rity. X ylose recrystallized three times from water gave a
product whose rotation practically agreed with the specific
rotation of + 1 8 degrees given in the literature.
The extracted bran or residue remaining after the extraction
of the xylose, on a dry basis, represents approximately half
of the original weight of cottonseed-hull bran. This product
consists of a fairly well washed and purified cellulose. A
very good grade of carbon has been made from this material.
It m ay also find use as a suitable substitute for wood flour
in the condensation product field.
Cost Data
It is almost impossible to give a cost figure on xylose, or
for that matter on any new product, unless certain assump
tions are made. The cost of xylose is, of course, largely de-

X

ylose

o st

A m ount

24 lbs. steam

S

ir u p
pro x

C
.

o n t a in in g

50%

Cost per lb.
$0.00420

X

Ap

ylose

Amount
12 lbs. steam

911 w-hrs.

0 .00174

60 cu. ft.

0 .0 0 1 6 5

249 w-hrs.
33 cu. ft.

0 .5 0 1 lb.

0 .0 0 2 9 8

0 .2 7 7 1b.

0.0 7 4 1 b .

0 .0 0 0 1 5

0 .0 4 3 lb.

0.01072

The operating, overhead, depreciation, and raw-bran costs
are not included in the above cost figures.
No complicated equipment is needed in the process. The
only chemicals required are dilute sulfuric acid and lime, while
the raw material, cottonseed-hull bran, is really a waste prod
uct. Essentially, the process is extremely simple and is
basically sound. Thus there is available a process which will
recover a five-carbon sugar, a product whose potentialities
are still to be fathomed, from a vast annual supply of a very
cheap raw material.
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Roof Exposure Tests of Outside White Paints
During the past six years there have been exposed on the roof
of the Bureau of Standards chemistry building a great variety of
experimentally prepared outside white paints. Invariably these
have been applied in either three coats on well-selected wood or
in two coats on carefully cleaned metal panels. Repeatedly,
straight white-lead paint has shown good durability. Likewise
lead-zinc paints, provided the zinc oxide content of the pigment
does not exceed 30 per cent, have shown good durability. On
wood panels increasing the zinc oxide content up to 50 per cent

has resulted in rather bad cracking and scaling of the paint. On
meta} the lead-zinc paints containing not over 30 per cent zinc
oxide are more durable than straight white lead. Of the newer
types of outside white paints on wood, the titanium-zinc paints
show good durability, provided the zinc oxide content does not
exceed 30 per cent. These paints stay cleaner and whiter than
the lead-zinc or white-lead paints. After nearly three years of
exposure, some of these paints are showing unusually good re
sults.
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N atural Gas—Its P roduction and D istribution1
G.
B

u k iv a u o f

M

R. Hopkins
in u s ,

XAMPLES of rapid growth, increased efficiency, and
new production records are so common today that it
takes the unusual or the spectacular to arouse more
than casual public interest. A t the present time the naturalgas industry is one of those riding the crest of popular interest
and favor. The chief cause of this sudden rise in popular
esteem lies, not in its steady growth over a period of more than
one hundred years, but in the recent completion of a number
of natural-gas lines of large diameter and several hundred
miles in length. These have appealed to the imagination
and have given rise to many conjectures as to the end of
this development.
Five years ago the completion of a line more than 100 miles
in length was looked upon as an outstanding achievement,
but recently several lines nearly 500 miles long have been
completed, and one of 900 miles, from the Panhandle to
Chicago, is being seriously proposed. This sudden develop
ment in the technic of gas transmission has been brought
about largely through the discovery of new sources of supply
and new uses at a time when the necessary capital and engi
neering ability were available to build these lines.

E

Composition
Natural gas as it comes from the ground is a complex
mixture of gases. These gases fall into two main classes—
the hydrocarbons, and the impurities or inerts, such as nitro
gen, carbon dioxide, oxygen, hydrogen sulfide, and helium.
The principal hydrocarbons are methane and ethane, but very
“wet” gases contain relatively small amounts of the higher
hydrocarbons, propane, butane, pentane, and hexane. In
general, the amount of the higher hydrocarbons present varies
inversely with the number of hydrogen atoms present in the
molecule; in other words, the more complex members of the
hydrocarbon series are rarely present in appreciable quan
tities. The operation of stripping the gas of its naturalgasoline content removes all, or nearly all, of the higher hydro
carbons, which increases the proportion of methane and
ethane present. Dry natural gas, or gas as it is turned into
pipe lines, is approximately 80 to 85 per cent methane, 15
to 20 per cent ethane, and the remainder nitrogen. The
recovery of the higher hydrocarbon fractions in the pro
duction of natural gasoline removes but a small fraction of the
heat units present. Natural gas as it is delivered to con
sumers has a heating value of about 1000 B .t .u . per cubic
foot or nearly double that of the average manufactured gas.
Producing Fields
Natural gas is usually found associated with or close to oil
deposits, and it is thought that both have been formed under
much the same conditions. However, large natural-gas
fields have been found unassociated with oil, as witness the
many unsuccessful attempts to locate oil in paying quan
tities in the celebrated Monroe, La., gas field.
Natural gas is produced in commercial quantities in twentyfour states—Arkansas, California, Colorado, Illinois, In
diana, Kansas, Kentucky, Louisiana, Michigan, Mississippi,
Missouri, Montana, New Mexico, New York, North Dakota,
Ohio, Oklahoma, Pennsylvania, South Dakota, Tennessee,
1 R eceived March 31, 1930, Published by permission of the Director,
U. S. Bureau of Mines. (N o t subject to copyright.)
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Texas, Utah, W est Virginia, and Wyoming. The total
production during 1928, the latest year for which official
figures are available, amounted to 1,568,139,000,000 cubic
feet, of which the three leading producing states, Oklahoma,
Texas, and California, produced 320,861,000,000, 301,990,000,000, and 246,215,000,000 cubic feet, respectively. These
figures cover only marketed output— that is, they do not
include gas which has been allowed to dissipate into the air.
Natural gas is produced in a great number of fields (see
accompanying map), many of which have several producing
sands or horizons. The m ost important gas fields in the
United States are the Panhandle field, located in Hutchinson,
Carson, Gray, Wheeler, Moore, and Potter counties, Texas,
and the Monroe field in Morehouse, Union, and Ouachita
parishes, Louisiana. Other important fields are as follows:
New York and Pennsylvania: Bradford (oil field)
Oklahoma: Chickaslia, Seminole (oil field), and Poteau
Arkansas: Clarksville and Smackover-El Dorado (oil field)
Louisiana: Richland and Carterville
Texas: Lucas, White Point, Refugio (oil field), Cole-Bruni,
and Carolina-Texas
New Mexico: Lea and Hobbs
Colorado and Wyoming: Hiawatha
Wyoming: Baxter Basin, Mahoney, Big Sand Draw, and
Salt Creek (oil field)
Montana: Havre-Bowes, Glendive, and Kevin-Sunburst (oil
field)
California: Kettleman Hills (oil field) and Buttonwillow
The foregoing does not nearly exhaust the list of producing
fields; furthermore, large amounts of gas are produced from
areas which have no specific name. The majority of such
areas occur in the Eastern and Middle-Western States, where
the fields are either small or so merged with one another that
the original names have retained only local significance.
Reserves
A .discussion of the relative importance of the producing
fields and states calls to mind the matter of reserves. An
adequate reserve of gas is the first essential to any pipe-line
project. Small lines are often laid with a mere handful of
wells and little undrilled acreage to fall back on, but the ma
jor projects of the past several years have all been assured of
at least ten years’ supply of gas in reserve before any pipe
was laid.
There are two general methods of measuring gas reserves—
the pressure-drop and the porosity-acreage methods. Both
are based upon Boyles’ law. The pressure-drop method is
only applicable when the total withdrawals have been suffi
cient materially to reduce the gas pressure, usually called
rock pressure. B y this method, if the withdrawal of 1 million
cubic feet has reduced the pressure one-tenth, then the reserve
left in the ground is 9 million cubic feet. In the porosityacreage method the volume of pore space is computed, which,
in conjunction with the rock pressure, gives a rough figure
of the amount of gas present.
Public information as to gas reserves is very meager.
This is because there are numerous fields, containing gas
alone or gas in combination with oil, that have never been
surveyed, and because a large portion of the work of esti
mating reserves has been performed by private concerns
who have not cared to publish their findings. Fortunately,
however, figures are available for three of our largest gas
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reserves—the Panhandle, the Monroe field, and the Lea, N.
Mex., field.
The Panhandle is said to contain slightly over 1 million
acres of gas territory in which wells of over 10 million cubic
feet per day may be drilled. Up to a short time ago only
slightly over one hundred wells had been drilled, but these
had a total daily open flow of over 3 billion cubic feet. The
amount of gas recoverable in the Panhandle has been com
puted at between 4000 and 8000 billion cubic feet, which at
the present rate of withdrawals (estimated at 250 million
cubic feet per day) should last for forty-five to ninety years.
The total amount of recoverable gas in the Monroe field
has been estimated at about 2200 billion cubic feet, that of
the nearby Richland field at 1500 billion cubic feet. At the
present rate of withdrawals from both fields—about 600
million cubic feet per day—the total of 3700 billion cubic
feet should last for about seventeen years. Allowing for the
possibility that the above estimates of total gas reserves
were ultra-conservative, and for the probability that the
consumption by carbon-black producers will decline, it is not
unlikely that this figure could be raised considerably.
The Lea field, located in the extreme southeast corner of
New Mexico, has an indicated extent of 30 miles by 4 miles
and an average rock pressure between 1300 and 1500 pounds.
It is deemed capable of supplying El Paso and vicinity for at
least thirty-five years.
Other important gas reserves are located in south and
southwest Texas and in the Permian basin of west Texas
and southeast New Mexico. The Appalachian area and the
Central States, except perhaps Kentucky and Tennessee,
contain no large body of gas that is not being drawn on ex
tensively, but nevertheless have thousands of acres of un
drilled gas lands. This emphasizes the difference between
the character of the gas fields in the Southwest and those
in the Eastern States. The former, with a few exceptions,
are small in acreage but yield large wells of high rock pres
sure at considerable depth; the latter are characterized by
small wells (a million-foot well is a rarity) at shallow depths,
but which m ay be found over a large areal extent. The
Rocky Mountain States contain a number of gas fields that
have been practically untouched, but the majority of these
are comparatively small and widely separated.
Thus far only “dry gas” areas or fields in which little if
any oil is associated with the gas have been credited to our
gas reserves. Actually a large part, perhaps 60 per cent,
of the total natural gas marketed was produced as casing
head gas—that is, gas that has been associated with oil.
It is now generally recognized that the expanding energy of
the gas absorbed in the oil is the principal factor in the
movement of oil through the sands and thence to the surface.
In m ost oil fields natural gas occurs in intimate association
with oil under pressure; in fact, the gas is dissolved in the
oil much after the manner of carbon dioxide in soda water.
As soon as a well taps the sand, the pressure is released;
the gas comes out of solution and flows out of the well, taking
some of the oil with it and incidentally saving oil producers
millions of dollars in lifting costs. Reversing this idea, the
oil not yet produced is associated with an immense amount
of gas, which constitutes an important reserve. The po
tentialities of this reserve are growing daily, coincident with
the discovery of new oil fields and the finding of deeper
sands. The latter phase is particularly important, since
deeper wells usually mean higher pressures, and thus more
gas. An example of how deeper drilling for oil is adding to
our gas reserves is supplied by well University 1-B, of the
Texon Oil and Land Company, which when brought in pro
duced at the rate of 3 million cubic feet of gas (in addition
to oil) per day but which is now flowing, into the air, about
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25 million cubic feet per day. This well is 8520 feet deep
and was for a time the deepest producing well in the world.
Market
In addition to adequate reserves, a satisfactory market
throughout the year must be assured before a pipe line is
built. Natural gas competes chiefly with coal and oil as a
fuel. The cases where natural gas competes with manu
factured gas are in reality further examples of competition
with coal (oil in California), the ratv material from which
manufactured gas is made. Because of its cleanliness, con
venience in use, and heating qualities, natural gas wall sup
plant coal and v'ood in cooking and water heating regardless
of price. It will replace coal, sometimes oil, in house heating
if it can be supplied at a price, based on heat units, that is
not far above that prevailing for those twro fuels. It will
replace coal in certain industries where absolute heat control
is essential, but it will not supplant coal, particularly powdered coal, in most industries unless the price is on a “dump
load” basis.
This explains why the cost of gas to domestic consumers
may be one dollar per thousand cubic feet as against 20
cents or less for industrial consumption. Inasmuch as the
domestic business constitutes but 20 per cent of our total
natural-gas consumption, it is usually necessary that any
contemplated major pipe-line project be able to supply gas
for industrial users at a cost below that of competitive fuels.
This is why natural-gas sales engineers devote the major por
tion of their attention to prospective industrial consumers, why
nearly all major lines terminate in a large industrial city,
and also why the majority of the major enterprises have at
least one large industrial user signed to a long-term contract
before actual construction is started. Examples of large
industrial users, with the lines from which they draw, are
as follow's:
I
L in

I n d u s t r ia l C

e

Pan hand le-D en ver
.
K ettlem an-San Francisco
W yom in g-B u tte (proposed)
M onroe-N ew Orleans

n d u s t r ia l ,

T

o m pa n y

Colorado Fuel and Iron
Com pany
Pacific Gas and E lectric
Com pany
Anaconda Copper Company
Standard Oil Company
of Louisiana

C

it y

at

e r m in u s

D enver
San
Francisco
and
Oakland
B utte and Anaconda
N ew Orleans

C onstruction of N atural-G as Line
Let us assume that the twro essentials of supply and markets
have been m et and that it has been decided to construct a
line. The first step is the procuring of the right of way;
this is more difficult than it sounds. N ext, the route is
cleaned of brush, etc., and the pipe is strung along the right
of way. The trench is dug almost entirely by ditching m a
chines, which have reached such a degree of efficiency that
they are able to cover more than a mile a day. Natural-gas
pipe lines have successfully traversed practically every variety
of terrain found in this country, which is a tribute to the
progress made in both machines and in methods.
J o i n t s — The joints of all natural-gas lines are either
coupled or welded; few, if any, trunk lines are now being
laid wúth the old-type screw joint.
Several types of couplings are in use, but most, if not all,
depend upon the same general principle— that of a rubber
ring held in place by an outer band of steel. The steel band
is drawn tightly over the joint by bolts, and the inclosed
rubber ring prevents leakage and allows for expansion or con
traction of the line due to changes in temperature.
The welding of natural-gas lines is of comparatively recent
origin and has only come into favor within the last few
years. There are two methods of welding—-the oxyacetylene
method, in which the heat of fusion of the welding metal
comes from the burning of acetylene in oxygen; and electric
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welding, in which the heat is supplied by the resistance offered
to an electric current. There is no material difference in
the application of the two methods.
The art of welding has registered a material gain in recent
years, and a part of the advance in the science of long-range
natural-gas distribution should be credited to it. Five years
ago skilled welders were rare, whereas today there are so
many experienced men in this work that a defective weld is
extremely uncommon. However, in spite of this improve
ment, automatic welding is being projected as the next step
toward obtaining further speed in construction work.
C o a t i n g —Upon the completion of welding, the pipe is
usually given one or more applications of pipe-line coating to
resist corrosion. The problem of corrosion is a serious one in
the natural-gas industry and more and more attention is being
given to combating it. One authority has been quoted as
stating that the loss due to corrosion of pipe lines, both for
oil and gas, amounts to more than S100,000,000 annually.
Corrosion of pipe lines has been alleviated to some extent
by the use of purer metal and by improvements in manufac
ture which have reduced surface irregularities, particularly
mill scale. However, the major portion of the protection
against pipe-line corrosion is now obtained from pipe-line
coatings, said to have first been used in 1909. The question
as to whether a pipe line should be coated depends upon its
probable life and also upon its location. The makers of pipe
line coatings insist that all pipe lines should be coated and
cite instances in which pipe lines have been rendered useless
by corrosion in a few years' time. However, some pipe lines
laid twenty or more years ago with no protective coatings of
any kind have been found to show but little corrosion. The
Bureau of Standards is investigating the subject of pipe-line
corrosion, and its findings should go far toward removing
the extreme discrepancy between these two views.
Most of the protective coatings used in pipe lines are
bituminous in nature, with either an asphalt or a coal-tarpitch base. Combating corrosion by filling in around bare
pipe with sand, sandy lime, or other non-corrosive materials
has been found successful, but has not assumed importance
on long trunk lines.
The first step in the application of a protective coating is to
clean the pipe thoroughly and to make sure that it is dry. A
primary coat of paint is usually applied, after which the
coating is poured on by hand or applied in conjunction with
a spiral wrapping of felt. The hand applications are usually
done in the field; the wrapped method by machines in the
factory. The chief objection to performing this -work in the
field arises from the difficulty in keeping the pipe line clean
and dry. On the other hand, if the coating is applied at the
factory, it is liable to be injured in transit. The thickness of
pipe-line coatings varies from about 0.1 inch for the un
wrapped coatings to about twice that amount for the wrapped
coatings.
C o m p r e s s o r s —Compressor stations, corresponding to
pump stations for oil lines, are a necessity in most naturalgas lines. A few lines—for example, the Jal (Lea)-El Paso
line have been built which derive sufficient pressure from
the gas wells to transmit the desired amount of gas. Long
lines, however, usually require several compressor stations,
since otherwise friction would so reduce the pressure that the
amount of gas delivered would be too small to yield a profit.
Compressors deliver gas into the line at a pressure of about
350 pounds per square inch which falls to as low' as 100 pounds
at the intake of the next station. At the consuming centers
the pressure is reduced to around 20 pounds for industrial
consumers and to a few ounces for domestic users.
S t o r a g e — T h e d i s t r i b u t i o n o f n a t u r a l g a s d if fe r s f r o m t h a t
o f m a n u f a c tu re d g a s in t h a t th e fo rm e r d o cs n o t o rd in a rily
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require holders. The daily peak demands are m et in the
case of the natural-gas system through the storing of gas in
the line under high pressure. Thus a 22-inch line, 100 miles
long, under 300 pounds pressure, would contain nearly 30
million cubic feet of gas, wffiich is several times the gas or
dinarily stored in a manufactured gas holder.
Of comparatively recent origin is the storing of natural
gas in old depleted fields during the summer months. The
results have exceeded expectations and the practice will
undoubtedly spread as our supplies are reduced. Before
attempting to stimulate the production of oil or gas by arti
ficial means, such as water-flooding, the engineer should
consider the possibility of gas storage in the future.
S teel—T he quality of the steel used for natural-gas lines
has recently been improved, a result primarily of a higher
carbon content. Methods of manufacture have also im
proved, and the lap-w'eld type of pipe has been pretty gener
ally supplanted by either the cold-rolled, longitudinal-weld
pipe or by seamless pipe made by piercing a solid cylindrical
block of steel. These improvements in material have given
rise to proposals to increase the pressure limits in pipe lines
to as high as 2000 pounds. Such a line W'ould deliver several
times more gas than one of the same diameter operating at
ordinary pressures, but w'ould have the disadvantage of higher
costs for installation and for compressors. Very high pres
sure would also be attended by a higher percentage of “un
accounted-for” gas and by operating difficulties and interrup
tions in service. The outcome will probably be that the
average pressure limits on natural-gas lines will continue
to increase steadily and m ay eventually amount to several
times what they are today.
T e l e s c o p i c L i n e s —Another proposal in the field of
natural-gas engineering concerns the use of “telescopic” or
tapered lines. In such a system the gas enters the line at
high pressure through pipe of comparatively small diame
ter but of considerable thickness, and is thence transmitted
onward through pipe of increasing diameter and decreasing
thickness. The advantages of such a design in comparison
with the usual uniformly cylindrical system are: (1) less
loss due to friction, and hence (2) greater quantity of gas
delivered, and (3) fewer compressor stations. The disad
vantages are (1) scarcity of pipe of large diameter on the
market (this objection is rapidly being removed), (2) higher
cost of protective coatings, (3) inability to transport gas
in the opposite direction. The last point should be given
particular consideration where there is any likelihood that
manufactured gas wall ever be transported in the line.
The telescopic principle has been applied to a minor ex
tent in m ost of the recently completed interstate naturalgas lines. For example, the line of the M agnolia Gas Com
pany from the Richland field to Sarepta, La., consists of
25 miles of 16-inch pipe, 45 miles of 18-inch pipe, and then
40 miles of 20-inch pipe, at the end of which it ties in with
other lines running to Beaumont and Dallas.
M e a s u r e m e n t — Gas at comparatively high pressure— that
is, at the W'ell or in the main lines—is usually measured by an
orifice meter. In simple terms, an orifice meter consists of a
flange with a hole or orifice in the center. The flange is
inserted in the pipe, and by means of suitable auxiliary ap
paratus the pressure drop between the upstream and down
stream sides of the orifice as the gas passes through is trans
lated into volume.
C ost—T he principal item of expense in the construction
of a pipe line is the cost of the pipe itself. This cost varies
roughly with the diameter. The cost of protective coatings
will usually be less than 10 per cent of the total. There is
little public information pertaining to costs of natural-gas
lines; hence, the following are only rough estimates.
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L

Lin s
Kettleman Hills-San Francisco
Laredo-Monterrey, M exico
Panhandle-Denver
M onroe-Atlanta
L ea-El Paso

ength

S iz e

M ties
300
165
340
450
200

Inches
22
12
20 and 22
20 and 22
16

C

o st

$15,000,000
4,500,000
22,000,000
30,000,000
15,000,000

Uses
Natural gas performs the useful function of raising much
of our crude petroleum to the surface, but its real commercial
utilization begins when it passes into man’s possession and is
used (1) as a source of natural gasoline, (2) as a fuel, (3) as
the raw material in the production of carbon black, helium,
solid carbon dioxide, and various chemicals. Of these, its use
as a fuel is the most important.
D is tr ib u tio n o f N a tu r a l G as d u rin g 1928
I ndustry

or

U

se

Domestic
Field purposes (drilling, pumping, etc.)
Carbon black
Petroleum refining
Public-utility power plants
Miscellaneous industries

Q

u a n t it y

M illion cubic feet
320, S77
573,698
175,137
114,950 )
77,326 }
305,991 )

Value

$198,808,000
58,356,000
4,321,000
102,146,000

N a t u r a l G a s o l i n e —During the year 1928,1,473,434,000,000 cubic feet of natural gas, or the equivalent of 94 per
cent of the total output, were treated for the recovery of
natural gasoline. The remaining 6 per cent was mainly “dry”
gas which was too low in gasoline content to justify extrac
tion and which was delivered directly from the wells into the
distributing systems. The total production of natural gaso
line, formerly called natural-gas gasoline, in 1928 amounted
to 1,814,034,000 gallons, valued at S138,944,000. Nearly all
of the natural-gasolinc production is used at petroleum re
fineries for blending purposes and eventually comprises about
10 per cent of the total gasoline consumed.
Some of the stripped or residue gas from natural-gasoline
plants is allowed to pass off into the air, but the major por
tion of it enters the pipe-line system, where it is mixed with
the “dry” untreated gas mentioned above and distributed.
C a r b o n B l a c k — Carbon black is a jet-black form of
carbon in an extremely finely divided state and is made by
burning natural gas against a relatively cold metallic surface.
Total domestic sales of carbon black in 1928 amounted to
202,676,000 pounds, of which 70 per cent was used in rubber,
13 per cent in ink, 10 per cent in paints, and 7 per cent for
miscellaneous purposes.
The carbon-black industry is dependent upon cheap gas—
at not over 5 cents per 1000 cubic feet. It cannot survive
in the presence of any great amount of domestic consumption,
which explains why the center of the industry has moved
from West Virginia to Louisiana to the Panhandle inside of
ten years. The industry has grown by leaps and bounds,
particularly during 1929, when, as indicated by preliminary
data, there was a 50 per cent gain in output over 1928.
The future of the carbon-black industry is problematical;
it has so far avoided a major conflict with higher classed uses
for natural gas by means of migration, but the remaining
havens are rapidly dwindling.
H e l i u m —Most natural gases contain some helium, but
very few in sufficient proportion to warrant its extraction by
present methods. Fewer still are attended by both the neces
sary factors—high content and sufficient supply. One that
meets both these requirements is found in the Cliff Side
district of the Amarillo gas field, where the Bureau of Mines
has constructed a helium plant. The percentage yield of
helium obtained at this plant has increased steadily since it
was first operated early in 1929. The latest figures indicate a
daily production of about 35,000 cubic feet of helium from
approximately 2 million cubic feet of gas treated. The ex
traction of helium resembles the production of natural
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gasoline in that, after processing, the major portion of the
gas is returned to the pipe-line system. While the helium
industry is of prune importance to the development of our
lighter-than-air craft, both for commercial purposes and for
national defense, its natural-gas requirements constitute but
a very minor part of our total distribution.
S o l i d C a r b o n D i o x i d e —Although m ost natural gas
contains a small percentage of carbon dioxide, some contains
over 50 per cent. These gases offer the possibility of use
in the manufacture of a solid form of carbon- dioxide that is
much colder than ordinary ice. The m ost important occur
rences of natural gas with high carbon dioxide content have
been discovered in Colorado and efforts are now being made
to exploit them.
C h e m i c a l s —An increasing amount of attention is being
given to the problem of using natural gas as a raw material
in the manufacture of various chemicals. Although this line
of endeavor has hardly progressed beyond the laboratory
stage, a great many products have been made, some of which
appear to possess commercial possibilities.
As recently outlined by the Bureau of Mines, three general
methods of converting the hydrocarbons of natural gas to
useful chemical compounds have been developed: (1) con
trolled oxidation, either with steam or by oxygen or air in
the presence of suitable catalysts; (2) pyrolysis, or the heat
ing and reconstruction of the gas molecules by means of
heat; and (3) chlorination, the replacement by chlorine of
part of the hydrogen in the hydrocarbon molecules.
Oxidation of natural gas at high temperature yields meth
anol, useful as a solvent and denaturant; acetone, useful as
a solvent and as an intermediary in the formation of lacquers
and explosives; formaldehyde, used as an antiseptic and in the
manufacture of Bakelite.
The thermal treatment or cracking of natural gas at tem 
peratures of about 2000° F. always yields free hydrogen,
which is used (1) as a reducing agent, (2) in hydrogenation
processes, (3) in the synthetic production of ammonia and
fertilizers, (4) as a refrigerant. Other gases formed in the
pyrolysis of natural gas are acetylene, used in welding; buta
diene, which under proper treatment condenses to an arti
ficial rubber; ethylene, used as an anesthetic and as an inter
mediary in the production of ethyl alcohol (widely used);
ether, an anesthetic; ethylene glycol, an antifreeze; and
butylene, used in the preparation of butyl alcohols useful as
solvents. The principal liquids formed are benzene, toluene,
and xylene. Benzene and xylene are used as solvents and in
the manufacture of dyes, while benzene is also an excellent
antiknock motor fuel. Toluene finds its chief use as the
basis of the explosive T. N . T. The solids from pyrolysis
are chiefly naphthalene, used in moth balls, and anthracene,
used in the dye trade.
Chlorination is generally applied to methane, although
other gases may be chlorinated. From methane four prodducts may be made: m ethyl chloride, much used as a
refrigerant; methylene chloride, a solvent; chloroform, an
antiseptic, solvent, and intermediary in the formation of
other compounds; carbon tetrachloride, a solvent, used in
fire extinguishers and medicinally in combating the hookworm.
A large part of the experimental work now being carried
on with natural gas as the base is concentrated upon ob
taining a high yield of benzene. Benzene is valuable as an
antiknock motor fuel and hence finds a ready market. A
recovery of 0.3 gallon of benzene per thousand cubic feet of
natural gas has been reported, which, though uneconomic at
present prices, gives an indication of eventual success.
The future will probably see the development of long-range
transportation of natural gas for conversion into various
chemicals at industrial centers. Such a development would
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reduce transportation costs to the manufacturer of chemicals,
and it would benefit the natural-gas distributor greatly, as
it would provide an additional market and, by allowing
operations to continue the year around, would increase the
ratio of demand to the peak load.
The total mileage of our natural-gas pipe-line system is
not so high as is commonly supposed, amounting to about
40,000 miles for the trunk lines and perhaps an equal amount
for gathering lines. This mileage is spread over twentyfive states. The greatest concentration of natural-gas pipe
lines occurs in Ohio, Pennsylvania, and West Virginia—
that is, in the general vicinity of Pittsburgh. The majority
of the longest lines originate in the Southwest. Texas leads
in total natural-gas pipe-line mileage with over 6000 miles
of main lines.
The major portion of the network of natural-gas pipe
lines in the Appalachian area was laid more than ten years
ago; the majority of the long lines in the remainder of the
country have been constructed within the past three years.
The latter include the following lines:
Field

D

L

e s t in a t io n

S

ength

iz e

M em phis

M iles
250

Inches
18

N ew Orleans
D enver
Salt Lake City )
Ogden
)
El Paso
Sau Francisco

100«
340
250
200
300

18
20 and 22
18
16
22

H iaw atha _ )
Baxter Basin j
Lea
K ettlem an H ills 1
Buttonw illow
j
M onroe )
A tlanta
450
Richland )
Jennings
M onterrey, M exico
165
M onroe )
S t. Louis
450
Richland )
Panhandle
K ansas City
450
a Extension from line which terminated a t Baton Rouge.

20 and 22
12
22
20

An interesting development in natural-gas transmission
has been the conversion of crude-oil lines into gas lines.
This practice is not new, but recently received considerable
publicity through the acquisition by the Columbia Gas and
Electric Corporation of two oil lines, one leading from Olean
to a point near N ew York City, the other from the Pennsyl
vania-W est Virginia state line to Millway near Philadelphia.
The Columbia company is reported to be putting these lines
into operating condition, which, if true, will place natural
gas on the Atlantic seaboard for the first time.
M o st I m p o r ta n t M o v e m e n ts o f N a tu r a l G as
F

ie l d

or

D

is t r ic t

T

r a n s p o r t in g

C

D

o m pa n y

e s t in a t io n

Bradford

Iroquois Gas Company
Buffalo
Hope N atural Gas Company
Peoples Gas Company
Carnegie N atural Gas Company
Various fields
Pittsburgh & W est Virginia Com kPittsburgh
in West
pany
Virginia
E quitable Gas Com pany
E ast Ohio Gas Company
Cjeveland
Columbia Gas and Electric Company C incinnati *
M em phis N atural Gas Company
M em phis
Baton Rouge
Interstate Gas Company
N ew Orleans
Monroe
Birmingham
Southern N atural Gas Com pany
A tlanta
M ississippi V alley Fuel Company
St. Louis
_U nited Gas Company
H ouston
/ H ouston Pipe Line Company
H ouston
Southw est
f
Houston
Texas fields < U nited Gas Company
( M onterrey, M exico
V M agnolia Gas Company
San Antonio
Î Fort Worth
Lone Star Gas Company
( Dallas
Panhandle
Canadian R iver Gas Company
Colorado Interstate Gas Company | D enver
Cities Service Gas Company
K ansas C ity
Baxter Basin
i Salt Lake C ity
M ountain Fuel Supply Company
H iaw atha
l Ogden
K ettlem an H ills Pacific Gas and Electric Company
San Francisco

Î

D o m e s t i c C o n s u m p t i o n —The

sumers in
cent over
of meters
as m any

number of domestic con
1928 amounted to 4,366,400, an increase of 10 per
1927. This figure actually represents the number
in service; hence there are probably several times
people using natural gas. The number of cities

507

and towns in Texas alone served with natural gas amounted
to nearly 500 at the end of 1929 as compared with about 82
at the close of 1926.
C om petition w ith Other Fuels
Natural gas competes as a fuel with coal, coke, wood, manu
factured gas, electricity, and oil, but chiefly with coal. Much
of the natural gas consumed industrially in the territory
east of California is utilized within the oil industry, by the
producing branch in drilling and pumping, and by the re
fining branch under stills and boilers. Coal could not hope
to compete with natural gas in this business except in a few
unimportant cases. A large percentage is also consumed in
the manufacture of carbon black where the use of coal is
out of the question. There remain two classes of naturalgas consumption: (1) consumption by certain specialized
industries, such as the ceramic and glass industries, where
the necessity for extreme heat control is not compatible with
the use of coal; and (2) consumption by miscellaneous in
dustries, such as electric public-utility power plants and for
domestic purposes where coal could generally be used.
Separate data as to the utilization of natural gas by the two
classes are not available, but together they accounted for the
.consumption of about 700 billion cubic feet of gas in 1928
which, on the basis of 1000 B. t. u. per cubic foot, is equivalent
to approximately 28 million tons of coal in heat units and to
a larger quantity in actual performance. Although this
figure is equal to only a small fraction (5 per cent) of the total
coal production for that year, it is of considerable potential
importance. The Denver, Atlanta, and St. Louis lines all
enter areas which have long had the use of low-priced coal
from nearby fields, and while there is no way of determining
the exact amounts of coal and other fuels displaced, the quan
tities m ust be large. In the case of the Denver line, the Colo
rado Fuel and Iron Company, the largest consumer, is re
ported to have contracted to take 4 billion cubic feet of gas
a year for a period of ten years. This indicates the dis
placing of at least 200,000 tons of coal per year. It has also
been reported that the operators of the St. Louis line have
secured contracts calling for a daily total of 100 million cubic
feet in industrial use. This is equivalent to over 1,500,000
tons of coal per year.
Whereas east of the Rockies coal has been m ost affected,
in California the demand for fuel oil will be lowered by the
recent completion of natural-gas lines to the San Francisco
Bay area. In fact, the use of natural gas threatens to make
such inroads on the consumption of fuel oil (of which there
has been a surplus in California for some time) that one of
the major oil companies is reported to have acquired an
interest in some of the natural-gas projects. A small amount
of Utah coal—perhaps 1000 tons per day—is shipped to
California and used in the general vicinity of Fresno, but
this trade will probably be greatly curtailed when all the
pipe-line projects into this territory are completed.
Natural gas is in competition with fuel oil at m any places
east of California, particularly at petroleum refineries for use
under stills and boilers. For several years prior to 1928
the use of oil for fuel at refineries had been decreasing and
that of natural gas increasing. This reflected the savings
incident to the use of natural gas in such ways as cutting
down the investment on equipment, elimination of storage
facilities and depreciation for reserve fuel, and removal of the
necessity of cleaning burners and equipment. In 1928, how
ever, the use of fuel oil at refineries increased and that of
natural gas decreased. This resulted from a material decline
in price of the former, combined with a small increase in price
of the latter, which indicates that any material change in the
price relationship will outweigh any other factors, such as
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cleanliness, absence of sulfur, freedom from ash, and ease in
handling.
Control of Industry
This is an era of mergers and the natural-gas industry
has not been overlooked in this respect. Thus, while the
total mileage of our natural-gas pipe-line system is steadily
increasing, its control is passing into fewer hands. We
therefore have a comparatively small number of large com
panies, which, through themselves or subsidiaries, do a large
percentage of the business. Such companies are the Colum
bia Gas and Electric Corporation of the Appalachian district,
the Arkansas Natural Gas Corporation in Louisiana and
Arkansas, the Oklahoma Natural Gas Corporation and the
Cities Service Gas Company in Oklahoma and Kansas, the
Lone Star Gas Company in north Texas and southern Okla
homa, the Magnolia Gas Company in north and south Texas,
the United Gas Company in south Texas and Louisiana,
the Houston Pipe Line Company in south Texas, and the
Pacific Gas and Electric Company and the Southern Cali
fornia Gas Company in California. The combined gas in
terests of the Standard Oil Company of New Jersey probably
represent the largest holding under one management.
The rapid growth in natural-gas distribution facilities in
recent years and the comparative absence of failures in the
industry have had a tendency to instil a feeling of infallibility
in the public mind and has inspired an unusual number of
proposed lines. Some of the pipe-line projects now con
templated appear economically unsound because (1) reserves
have been overestimated, (2) superiority of natural gas over
coal and oil has been overrated, (3) assumption has been made
that all domestic business could be secured, (4) domestic
consumption data based on northern cities have been applied
to the South and West, (5) “unaccounted-for” gas has been
underestimated. In further explanation of (3), it may be
cited that a considerable number of people rent their homes
and do not have the say as to the piping of gas into them,
also that the cost of a gas stove and the reluctance to make a
change often outweigh any potential advantage that might
be secured by conversion to natural gas.
Gas Rates
At one time natural gas was considered to be inexhaustible
and was so cheap that fires once started were never turned
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off. However, it soon became evident that the supply was
not unlimited and rate structures made their appearance.
These became increasingly complex in the following order:
(1) The flat rate, at so much per day, regardless of amount;
(2) the straight meter rate at so much per thousand cubic feet;
(3) the block rate which places a higher charge on the first
thousand; and (4) the modified block rate, in general use
today, which is (3) amended so as to give consideration to
the cost of service. The average price paid by domestic
consumers has increased slowly but steadily for a number of
years, a reflection of the increased cost of production and
transportation. The average price paid by domestic con
sumers in 1928 was 62.0 cents per thousand cubic feet;
the range was between 33.0 cents, the average for W est
Virginia, to SI.50 for Michigan. The low figure of 33.0
cents does not represent the lowest rates charged, for in some
cases the fight for franchises between rival companies has
resulted in prices as low as 10 cents per thousand cubic feet.
The average price paid by industrial consumers in 1928 was
23.2 cents as compared with 22.0 cents the previous year and
21.3 cents ten years ago.
Conservation
Eecause of its comparatively low value and the hazards
attending its discovery, natural gas when found in the drilling
for oil has often been regarded as a nuisance. This contempt
has led to the wastage of immense quantities of gas into
the air. In connection with the drafting of the California
gas law, it was brought out that the waste of gas in that state
was approximately equal to the utilization. Such waste
is not confined to California alone, but it is found in all
states which have flush production. Relief in the form of
natural-gasoline plants, natural-gas pipe lines, back pressures,
and repressuring has often arrived after the rock pressure
has been reduced to a fraction of its maximum. Fortunately,
the conservation commissions of most of the important gasproducing states have awakened to the necessity of conserving
natural gas and have enacted laws covering such factors as
well spacing; allowable withdrawals; metering; gas-oil
ratios; and methods by which wells shall be drilled, cased,
and brought in. Such laws, while irksome to a degree,
foster an orderly development and thus conserve this irre
placeable resource for the greatest number and for the longest
time.

Ultra-M icroscopic Study of Linseed Oil Containing
Metallic D riers1
J. M. Purdy, W. G. France, and W. L. Evans
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T IS well known that in the process of aging some var
nishes and oils containing driers frequently undergo
important changes, such as the precipitation of in
soluble metallic soaps and variations in both the acid value
and iodine number. It was found in some cases that oils that
had been aging for several weeks dried faster than when they
were first prepared, even though some of the drier had pre
cipitated. I h e driers had evidently undergone some impor
tant change, probably of a physical nature, which involved its
dispersion into a finer state of division. It seems reasonable
to assume that the finer the division of the drier particles the
more effective they will be. In order to determine whether

I

1 R eceived March 22, 1930.
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or not such a change occurs in oil-drier system s, a series of
such systems was prepared and examined ultra-microscopically.
Experim ental Procedure
In preparing the solution used in this work, c. p . lead acetate
and cobalt acetate were used together with refined raw linseed
oil of the following constants: iodine number, 180.0; acid
value, 2.2; saponification number, 190.0.
It is essential in experiments of this kind that the solutions
of the oils containing the different concentrations of drier
be made under identical conditions. The following conditions
were carefully controlled: (a) the temperature to which the
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Im m ediately after preparation

7 days after preparation
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17 days after preparation

F ig u r e 1— 1.5 PbfO O C .C H ah

Im m ediately after preparation

7 days after preparation

17 days after preparation

F ig u r e 2— 1.5 PbCOOC.CILh, 0.5 CofOOC.CHOa

solution was heated; (6) the' duration of heating at this
temperature; (c) the rate and time of stirring. All the
solutions were prepared in copper vessels.
To incorporate the driers the oils were heated to 270° C.
and maintained at that temperature for half an hour. The
total time of heating and subsequent cooling was about 70
minutes. The stirring was done by hand with a thermometer
in alternate 5-minute periods.
Solutions containing different concentrations of lead and
cobalt acetates were prepared. In designating the concen
trations of the drier used, the expressions 2 Pb(OOC.CH3)2,
1.5 Pb(OOC.CH3)2, etc., are arbitrarily employed, meaning
that this many gram-molecular weights of the acetate were
dissolved in 1000 grams of the linseed oil. One gram-molecular
weight of lead acetate dissolved in 1000 grams of linseed oil
would give a lead content of approximately 2 per cent (2.07)
of metallic lead.
The solutions prepared for ultra-microscopic examination
were placed in tightly stoppered test tubes, supported in a
rack attached to a solid bench, free from vibration. Light
was excluded by covering the test tubes with a black cloth.
To avoid any variations in concentration due to gravitational
effects, the samples were withdrawn from the test tubes with
a small pipet placed to the same depth in each solution.
R esults
I t was found that all the solutions when freshly prepared
contained a great m any colloidal particles. Upon aging,
these colloidal particles disappeared in all the solutions con
taining cobalt and in some of those containing lead. When
two solutions having the same concentration of lead, one with
cobalt and the other without, were compared, the particles

were found to disappear first in the solutions containing co
balt, as shown in the accompanying ultra-micrographs.
(Figures 1 to 4) That the disappearance of the particles
was due, not to coagulation, but rather to dispersion is evi
denced by the fact that there was much less precipitation
where cobalt was present. In some cases there was no pre
cipitation at all. The data (Table I) also show that there was
actually more lead in solution when cobalt was present than
when it was absent. These solutions had been aging until all
colloidal particles had disappeared in the solutions containing
cobalt. In solutions of 1 Pb(OOC.CH3)2 and 0.75 Pb(OOC.CH3)2 colloidal particles were still noticeable.
T a b le I— L ead In S o lu tio n In P r e se n c e a n d A b s e n c e o f C ob alt
S

o l u t io n

2 PbCOOC.CH,),
2 Pb(OOC.CHa)a 0.5 Co(OOC.CHa)s
2 PbCOOC. CHjJi
2 P b (O O C .C H ,)j 0.5 C o(O O C .C H j),
1.5 Pb(O O C .C H j):
1.5 Pb(OOC. C H i)i 0.5 Co(OOC.CIIa)a
1.5 PbCOOC. CHa)a
1 Pb(O O C . CHa)a 0.5 C o(O O C .C H 3)2
1 Pb(O O C . CHa)i
1 P b (O O C .C H i)i 0.5 Co(OOC.CHa)a
0.75 PbCOOC. CHaJi
0.75 PbCOOC.CHa)a 0.5 Co(OOC.CHa)a

Per cent
1 .2 6 0
1.3 4 0
1.321
1.4 8 5
0.8 7 3
0.9 0 7
0 .8 6 2
1.2 3 8
0 .5 8 4
0 .5 8 3
0 .2 6 8
0 .3 6 0

One would infer that the amount of lead in the precipitate
from the solutions containing a low concentration of lead,
such as 0.5 Pb(OOC.CH3)2, would represent the amount of
lead necessary to react with the acids which form the in
soluble lead soaps. A t higher concentrations this amount of
lead in the precipitate should remain constant up to that
point where the linseed oil is saturated with respect to lead
linoleate; any further addition of lead acetate would therefore
increase the amount of lead in the precipitate, and the amount
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2 days after preparation

Im m ediately after preparation
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16 days after preparation

F ig u re 3—0.75 P b (O O C .C H 3;2

Immediately after preparation

2 days after preparation

16 days after preparation

F ig u re 4—0.75 Pb(OOC.CHa)2, 0.5 C o(O O C .C II3)2

of lead in solution should remain constant after this saturation
is reached. However, Table II shows that from concentra
tions.of 0.5 Pb(OOC.CH3)2 there is an increasing amount of
lead in both the precipitate and the solution. The metallic
content was determined by pipetting off some of the clear
liquid, ashing, and weighing the lead as lead sulfate. The
data in Table II represent the average of four determinations
taken over a period of 5 weeks. The theoretical data repre
sent the total amount of lead which would have been in the
solution if no precipitation had taken place.
T ab le II— L ead C o n te n t o f S o lu tio n a n d o f P r e c ip ita te
P b i n S olution in 100 G rams O il P b in S ettlin g s
T heoretical
A ctual
(by diff.j
Grams
Grams
Grams
2 Pb(O O C .C H3) j
2.072
1.321
0.7 5 1
1.5 Pb(O O C .C H ih
1.554
0 .8 6 2
0 .6 9 2
1 Fb(OOC. CH3) j
1.036
0.5 8 4
0 .4 5 2
0.5 Pb(OOC.CHi)*
0 .5 1 8
0 .1 6 5
0 .3 5 3
S olution

The acid values of these clear liquid portions were also
determined. The so-called “true” acid values, as given in
Table III, were obtained by making an acid-value determina
tion in the regular manner and then correcting for the amount
of metal in solution. If this correction were not made, the
apparent acid value would be too high, because lead and co
balt, if present, react with the alkali to form insoluble hy
droxides. It may be seen from the table that the acid value
was increasing from week to week and that the true acid
values are less in the solutions containing higher concentra
tions of lead.
S o lution
2 Pb(O O C .C H 3)j
1.6 Pb(O O C .C H 3)j
1 Pb(O O C .C H j)2
0.5 Pb(OOC.CHj)*

T a b le III— T ru e A cid V a lu es
1st W e e k 2 nd W e e k
3 rd W e e k
0 .2 9
0 .6 0
1.16
1.15
1.68
2.3S
1.S9
2 .0 0
2 .3 8
2 .4 3
2 .3 7
3 .0 6

5t h W e e k
3 .7 6
4 .2 7
4.31
3 .5 9

It was also determined by the aid of the ultra-microscope
and a 525-volt potential that the colloidal particles in these
systems were negatively charged.
D iscussion
This work shows that some change takes place in linseed
oil-m etallic soap solutions upon aging. There is an increase
in the acid value and also a physical change possibly involving
the dispersion of the m etallic soap particles into a finer state
of division. This dispersion takes place earlier in the solu
tions having higher concentrations of lead and also in those
containing lead in the presence of cobalt.
The fact that the colloidal particles fail to disappear in the
solutions with a low concentration of lead m ay be explained by
the higher acid value in these solutions. The 2 Pb(OOC.CH3)2 solution was practically neutral immediately after
preparation and the 0.5 Pb(OOC.CH3)2 solution had an acid
value of 2.43. Colloidal particles were still visible after
several weeks in the 0.5 Pb(OOC.CIi3)2 solution. The higher
acid value is probably sufficient to prevent dispersion or it
m ay slow down the rate of dispersion. The addition of
acetic acid caused coagulation of the drier particles. The
percentage of lead actually in solution in 2 Pb(OOC.CH3)2
compared to the theoretical is nearly twice that percentage
which is actually in solution in 0.5 Pb(OOC.CH3)2. This
shows greater dispersion in the 2 Pb(OOC.CH3)2 and is in
accord with the photographs. These results suggest the possi
bility that the cobalt functions as a dispersing agent for the
lead soap particles, and in this way one m ay account for its
promoter action when used with lead as a drier. Possibly
the cobalt acetate accelerates the rate of dispersion to such a
degree that this rate far exceeds the rate of coagulation by
the acid formed.
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Initial O peration of Im hoff T an k and C ontact Beds
at Blacksburg, Va.1
F. H. Fish
V
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n s t it u t e

LACKSBURG is a college town in southwest Virginia.
The average population is about 3000, but varies
according to the college program. Several sections
of the town are not connected with the sewer system, owing
to location, and septic tanks are in use at these places.
Strubel’s Creek flows through the center of the town and into
this creek the final unchlorinated effluent of the disposal
plant is discharged about 500 yards below the Virginia Poly
technic Institute campus.

B

F ig u r e 1— S e w a g e D isp o sa l P la n t a t B la c k sb u r g , V a.

Description of Disposal Works
The sewage disposal plant, which is a joint undertaking of
the college and the town, was designed by Lee H. Williamson,
consulting engineer, Charlottesville, Va., to accommodate a
population of 5000. It was placed in sendee in August, 1928.
The plant consists of a single Imhoff tank, four contact beds,
three final settling tanks, and three sludge beds under a single
glass cover. A special feature of the installation is its ar
rangement for gas collection. The general features are shown
in Figure 1.
The Imhoff tank is rectangular in plan 31 by 41 feet, and 27
feet over-all depth inside. The tank has two hoppers and a
single line of slots and has arrangement for reversing flow.
The general design is along conventional lines, except that the
gas vents are covered by a sloping concrete roof terminating
in eight gas shafts arranged four on each side of tank. The
gas shafts are capped by cast iron bells (Figure 2) connected
to a system of gas piping. The gas is measured by a dis
placement meter of the house service type. The original gas
collectors were wooden bells with submerged wooden grating
screens. On account of screen clogging and difficulty of
access, the wooden screens and bells were soon discarded in
favor of the present cast-iron bells, which have no screens and
are seated above the flow line. Road tar is used to make a
gas-tight joint. Sludge is withdrawn from the Imhoff tank by
gravity into a pump, from which it is pumped to the sludge beds.
The three sludge beds are covered in greenhouse style and
have a total drying area of 2160 square feet.
The four contact beds are each about 96 by 96 feet, having
1 R eceived February 12, 1930. Presented before the D ivision of Water,
Sewage, and Sanitation Chemistry a t the 79th M eeting of the American
Chemical Society, A tlanta, Ga., April 7 to 11, 1930.
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a total area of 9200 square feet, and are filled with crushed
stone to a depth of 5 feet. The beds are dosed in rotation
by automatic siphons.
The final settling tanks are each 10 by 40 feet, 6 feet deep
at the influent end and 8 feet at the effluent end. There are
three of these tanks, usually used in rotation, in order to allow
all material to settle that has escaped the rest of the plant.
Character and A m ount of Sewage
The sewage to be taken care of would be considered a typi
cal domestic sewage. There is no industrial waste entering
the system. The occurrence of lubricating oil from garages
and grease from various sources is somewhat regular. The
settleable solids by Imhoff cone averaged for the year is 6.6
cc. per liter, based on single daily sampling at 9 a . m ., the range
being from 1 to 20 cc. per liter on the raw sewage. The
efficiency of the settling chamber of the Imhoff tank as re
corded by Imhoff cone is 95.7 per cent for the entire year.
The contact beds and final tanks further reduce the settleable
solids which escape the settling chamber of the Imhoff tank
giving an over-all efficiency of 98.4 per cent. This efficiency
has been increased lately through the repair of one bed that
was partially plugged.
The volume of sewage treated in 1929 was 115,740,000
gallons, or an average of about 316,000 gallons per day, vary
ing, of course, with the school year.
The drop in elevation through the entire plant is only 7
feet, and some difficulty has been experienced with the high
water which has several times flooded the final settling tanks.
Gas Production
Although no data were taken until October 12, 1929, as to
the volume of gas produced, gas began to bubble up through
the vents 10 days after the sewage was turned into the system.
The pH was determined once a week on the liquor underneath
the scum in the gas vents and was kept above 6.6 at all times.
The sample was obtained by a pitcher pump and hose.

F ig u r e 2— G a s S h a f t w ith G a s B e ll R e m o v e d

The production of gas at the last of October, 1929, was
over 2600 cubic feet per day. The odor was good, the B. t. u.
was 610, and the analysis showed 16 per cent carbon dioxide.
The gas is piped to the pump-house office and is burned either
in a stove filled with common bricks or from an outside burner
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On July 18, 1929, the operator reported "no change” and
expressed his opinion that the tank never would work. No
sludge could be drawn from the hoppers, although the scum
Operation of Plant
in each gas shaft was 8 to 10 feet thick. On July 20 some
The first 10 months of operation of the plant were charac thing happened. On July 22 nothing but matches, cork,
grease, etc., remained floating; the entire mass had sunk.
terized by the tank working upside-down, as the former tank
had done. Solids failed to accumulate in the bottom of the The evolution of gas was almost violent at each of the eight
vents, but little scum appeared. One by one, each vent
tank as sludge, but rose to the surface as compacted scum.
chamber was emptied of accumulated sludge, which had been
On December 10, 1928, the scum in each gas shaft was 3 feet
forced over the top, and this likewise would sink never to
deep and the scum in the settling-out chamber was 10 inches
return. The pH of this scum was 5.8
and for this reason a total of 100 pounds
of lime was added at the gas vents while
this acid sludge was being forced back
into the system . The pH of the sludge
at the bottom of the hoppers was 7.2 and
has stayed at this point since, although
the liquor directly above the sludge has
changed from 6.6 to 7.2.
The first ripe s lu d g e w a s d ra w n
September 11, about 6 weeks after the
plant began to work right side up. The
analysis which was run on September 10
showed a fairly good sludge: total solids,
7.94 per cent; ash, 50.23 per cent;
volatile solids, 49.8 per cent. About 600
cubic feet of sludge were removed from
each of the two hoppers. The pH was
F ig u r e 3 —V a r ia tio n in T e m p e r a tu r e o f Air a n d S ew a g e a t B la c k sb u r g , V a.
7.2 and cracks appeared on the bed in less
than 24 hours.
thick over the entire surface. The scum from the settling-out
On September 18 about 300 cubic feet were again drawn
chamber was transferred to one of the final settling tanks for from each hopper. This sludge contained 2.57 per cent total
separate digestion. In June a flood washed most of this
nitrogen on the dry basis and was used on one of the Experi
partially digested material away.
ment Station plats as fertilizer.
On February 18, 1929, foaming started. The bells were
Sludge has been drawn twice since September 18, making a
removed and the scum was poled several hours each day with total of approximately 3240 cubic feet of dry sludge for the
very little results. The pH was closely watched, and hy season. Ripe sludge to a depth of 10 feet was left in the tank
drated lime was added while poling each vent. One w'eek for winter operation. The last sludge drawn was 8.55 per
later the gas shafts foamed over badly. On February 23,
cent total solids, 55 per cent ash, and 45 per cent volatile
1929, by trial, in attempting to draw sludge, only water flowed
solids, showing that the sludge is getting better all the time,
from the bottom of the hoppers. The scum was 10 feet deep
even though the first drawn was almost odorless.
at each vent and obstructed the passage of gas. The scum
The effluent of the Imhoff tank attained the high tempera
would get hard and dry at night.
ture of 72° F. for only one day, and this was on July 31. The
At the suggestion of Richard Messer, chlorinated lime was
average temperature for the year was 52° F. The average
fed to the raw sewage over a period of 2 weeks at the rate of 15
temperature of the incoming sewage was 59.1° F. for the year,
pounds per day. No improvement in foaming of the Imhoff 7° F. being the lowest and 72° F. the highest. The variation
tank was noticed, but unloading of the contact beds started,
in air and sewage temperatures during the year is shown in
as shown by black appearance and increase in settleable solids
Figure 3.
in the bed effluent.
Analyses of Effluent and Water Supply
On April 30 poling each vent in turn with a long sapling 8
hours a day was resorted to. After a week no improvement
Average analytical results together with the average bac
was seen except that the scum appeared to be a little wetter or
terial
count, based on only four samples taken over a period of
became wetter a little easier when poling started each morning.
The motor-driven pump provided for handling ripe sludge 2 weeks at different stations, are given below:
was removed from the pump house on May 8 and set up on
5-D ay
O xygen
B a cte ria
B. O. D . C onsum ed p H
N it r it e s p e r cc.
top of the Imhoff tank, with suction in the settling compart
P . p. m. P . p. V I.
P . p. m.
ment. This pump arrangement allowed sewage to be dis Imhoff tank outlet
95
52
7 .4
N one
670,000
charged into the gas vents at the rate of about 25 gallons per C ontact beds outlet
50
33
7 .6
N one
120,000
Final effluent
34
22
7
.6
N
o
n
e
215,000
minute, as described by Buswell (1), although the liquor solu 200 yards from plant
16
9
7 .7
0 .2 5
270,000
1 mile downstream
13
7 .2
7 .8
0 .4 5
150,000
tion used was not taken from the same place.
Creek water above plant
1 .2
2 .3
0 .0 2
8 .0
2,150
In a few days it was noticed that much less time was re
quired each morning to get the scum, which had been forced These samples were obtained during the time a bed was dump
out by the gas during the night, back into the vent. In one ing and enough time was given so that a thorough mixing had
week such an improvement in the ease with which the gas
taken place.
escaped and the general appearance of the scum was noticed
The analysis of the water supply of Blacksburg is given
that the treatment was extended to the remaining vents.
below, with the thought in mind that the influence on an
The foaming condition necessitated increased poling and Imhoff tank of a water containing 12 grains of hardness per
pumping, but with no indication, except a change in color and a gallon, where nearly all the hardness is caused by bicarbonates
slight darkening, that the tank would ever work right side up.
of calcium, cannot be ignored.
placed several feet above the roof, similar to the Newcastle
installation described by Donaldson (2).
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Silica
Iron
Calcium
M agnesium
Sodium and potassium ,
calculated
Bicarbonate radical

P . p. m.
6 .8
0 .7
47
26
17
254
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N ew Industrial Solvents1
E thylene Dichloride, D ichloroethyl Ether, and Isopropyl Ether
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HE rapid growth of the chemical industry during the
past few years has been notable for the commercial
development of a number of new products formerly
classed as fine chemicals. Among these products ethylene
dichloride, dichloroethyl ether, and isopropyl ether are of
special interest to the industrial chemist and chemical
engineer. Their unique solvent properties, ease of recovery,
and low cost promise economies of operation which command
attention. The general physical properties of these products
are given in Table I, while the solubility of various materials
is shown in Table II. A study of these properties will
indicate their value as general and specific solvents.

n iv e r s it y
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P

it t s b u r g h

, P

it t s b u r g h

, P

a

.

a definite loss since the value of the cake is much less than
that of the oil. One method of extraction consists of treating
the press cake with ethylene dichloride to remove the residual
oil. The more commonly used method is the extraction of
the ground seeds by percolation or digestion followed by the
evaporation of the solvent and subsequent refining of the oil
in the usual manner. The usual chlorinated solvents are
not satisfactory for this purpose because of their tendency
to hydrolyze and/or oxidize, producing hydrochloric acid
which not only corrodes the iron or steel equipment but
lowers the quality of the oil. The use of benzene and gaso
line is attended by extreme fire hazard. Ethylene dichloride
is not classed as a non-flammable liquid, but is on the border
line between a flammable and non-flammable solvent.
When the liquid is ignited, it will burn, but the flame is
extinguished by the force of its own draft. Its lower ex
plosive limit in air is 6.2 per cent as compared with 1.4 per
cent for benzene and 1.5 per cent for gasoline.
Ethylene dichloride is of value in the separation of mineral
oil and paraffin wax. Mineral oils are miscible with this
solvent in all proportions, while paraffin wax is immiscible
at temperatures below 25° F.
This solvent has found a wide use in dry cleaning and for
the removal of oil and grease stains from textiles. Its
value in the fumigation of grains, flour, rugs, clothing, and
upholstered furniture is well known. For this purpose,
a mixture of three parts of ethylene dichloride and one part
of carbon tetrachloride is normally used. This mixture
is non-flammable, non-injurious to grains or fabrics, is simple
to use, and is not dangerous to human life when used in the
proper manner.

T

E thylene Dichloride
Ethylene dichloride has been the subject of academic
investigations for a number of years, but it was not available
in quantity and at a low price until 1927. As its properties
and usefulness become more generally known, it finds more
diversified uses in the chemical industry. It is the most
stable chlorinated hydrocarbon available and may be handled
in the presence of water at boiling temperatures in metal
vessels without danger of corrosion. Its stability is also
shown in its resistance to oxidation. As a result, it may
be used in the extraction of edible oils and medicinal products
where the highest purity is required.
In the extraction of vegetable oils from oil-bearing seeds
by the “expeller” method, approximately 10 to 15 per cent
of the oil remains in the cake. This residual oil represents
1 R eceived M arch 24, 1930. Presented before the D ivision of Indus
trial and Engineering C hem istry a t th e 79th M eeting of the American
Chemical Society, A tlanta, Ga., April 7 -to 11, 1930.

T a b ic I— P h y sic a l P r o p e r tie s o f E th y le n e D ic h lo r ld e , D ic h lo r o e th y l E th e r , a n d Iso p r o p y l E th e r
E
P

roperty

M olecular weight
Boiling poin t (760 xnm.), ° C.
Freezing point, ° C.
Specific gravity
W eight per gallon, pounds
Specific gravity and weight per gallon at various temp.
R efractive index
Surface tension, d y n cs/sq . cm.
V iscosity, centipoises
Vapor pressure, mm. (20° C.)
Vapor pressures a t various tem peratures
Specific heat, calories per gram
Flash point (closed cup), d F.
Apparent ignition temperature in air, ° C.
L atent heat of evaporation, calories per gram
Com parative rate of evaporation
Solubility

th ylen e

D

ic h l o r id e

D

ic h l o r o e t h y l

E

ther

C I-C H 2-C H 2-O -C H 2-C H 2-CI
C I-C H 2-C H 1-CI
9 8 .9 5
14 2.98
8 3 .5
178.0
- 3 0 .0
-5 1 .7
1.2 5 6 9 (2 0 ° /4 ° C.)
1 .2 2 (2 0 ° /2 0 ° C.)
10 .5 3 (15° C.)
1 0 .1 (20° C.)
See Chart 1
See Chart 1
1.4 4 4 (20° C.)
1.4 5 7 (20° C.)
3 7 .5 (25° C.)
4 1 .8 (25° C.)
0 .7 8 (25° C.)
2 .0 6 5 3 (2 5 .5 ° C.)
6 1 .6
(Approx.) 0 .7 3 mm.
See Chart 3
See C hart 3
0 .3 0 5 4 (30° C.)
0 .3 6 9 (30° C.)
58
131
449
369
7 7 .3 4 (8 2 .2 ° C.)
6 4 .1 (178° C.)
See Chart 4
See Chart 5
Practically insoluble in water, soluble in m ost organic liquids

I so pro py l E

ther

(C H 3)2 -C H -0 -C H (C H a )2
102.11
6 7 .5
< -6 0
0 .7 2 4 7 (2 0 ° /2 0 ° C.)
6 .0 4 (25° C.)
See Chart 2
1 .3 6 7 8 (23° C.)
32 (23° C.)
0 .3 7 9 (25° C.)
158
See C hart 3
0 .5 2 6 (2 2 -2 7 ° C.)
-6 .7
6 8 .2
(6 7 .5 C.)
°
See Chart 4
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properties, stability, low toxicity and low flammability,
and its availability in large quantity.

P o u n d s p e r Ga l l o n

/
/
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/

/
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D ichloroethyl Ether
This solvent possesses to a marked extent the combined
solvent properties of ethyl ether and ethylene dichloride
with a low vapor pressure and fairly high boiling point.
It is a stable compound and may be handled in iron equip
ment without danger of corrosion and is of value in hightemperature extraction processes.
Dichloroethyl ether is not a solvent for the cellulose esters,
but in conjunction with 10 to 30 per cent alcohol it becomes
an active solvent. It has been used as a high-boiling diluent
in lacquers with complete satisfaction. Both cellulose
acetate and nitrocellulose lacquers containing this solvent
have been stored in tin containers for two years without
any indication of corrosion or discoloration.

/

<6,
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/
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1.26
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124

123

122 121 120 1.19 lif t
S p e c if ic G r a v it y ^

U7

U6

US

U4

1.13

F ig u re 1—S p ecific G ra v ity a n d W e ig h t per G a llo n o f
E th y le n e D ic h lo r id e a n d D ic h lo r o e th y l E th er a t V arious
T em p e ra tu r es

Ethylene dichloride lends itself to the synthesis and pro
duction of a new series of industrial chemical compounds. The
replacement of the two chlorine atoms with ammonia yields
ethylene diamine. Condensation with sodium acetate
produces the ethylene glycol acetates. Succinic acid may be
prepared by reacting two mols of sodium cyanide with one
mol of ethylene dichloride and hydrolyzing the resulting
ethylene dicyanide to succinic acid. These characteristic
reactions suggest other syntheses that are economically
P o u n d s p e r g a llo n

5g9

5.SO

/
/
/

/

/

/
/
/
/
/
/
/
/
/
/
/
72

....
71

70

,6 9 t
S p e c if ic G r a v it y J c .

F igure 2—S p ecific G ravity a n d W e ig h t per G a llo n o f Iso p ro p y l
E th er a t V arious T em p e r a tu r e s

possible with raw materials of low cost. Ethylene diehloride
is a suitable solvent or reacting medium in reactions in
volving the use of such products as thionyl chloride, sulfuryl chloride, chlorine, hydrochloric acid, sulfur chlorides,
and hydrogen peroxide.
The chlorinated solvents have not been used to an appreci
able extent in nitrocellulose or cellulose acetate lacquer on
account of their tendency to hydrolyze. For use in fast
drying lacquers, ethylene dichloride has proved quite satis
factory, and lacquer containing this solvent has been stored
in tin containers over long periods of time without discolora
tion of the lacquer or container.
The outstanding characteristics of ethylene dichloride
which recommend its use are: its low cost, excellent solvent

T a b le II— S o lu b ility of F a ts, O ils, W axes, R e sin s, B a ls a m s , a n d D y e s
In C o m m e r c ia l Iso p r o p y l E th e r , D ic h lo r o e th y l E th e r , a n d E th y le n e
D ic h lo r id e
E
D iC H LO R O PR O PY L E T H Y L
E ther E ther

Iso -

S

olute

thyl-

ENE
D ichlo
r id e

E
D iCHLOROPRO PY L ETHY L
E ther E ther

Iso -


S

olute

Laculose (A)
PSH
S
Crisco
S
S
Gilsonite
I
SH
SH
S
V aseline
SSH
Sandarac
S
S
M azola
S
M ontol resin
S
S
S
W esson oil
S
Pontianac
I
SH
S
Mineral oil
S
Gum mastic
S
I
S
Citronella
S
B enzyl
S
Juniper
S
S
abietate
S
S
Coriander
S
s
SSH
Shellac
s
S
S
Sw eet birch
V inylite 80
I
s
S
M enthol
S
V inylite A
I
S
s
Castor oil
S
Casein
S
S
s
Linseed oil
. (rennet)
SSH
S
Cottonseed oil S
s
Nitrocellulose I
Venetian
Cellulose
S
S
s
turpentine
I
acetate
SH
S
S
Japan wax
B enzyl
PSH
SI-1
Carnauba wax SS
cellulose
I
SH
SH
SH
Beeswax
E th yl cellulose S
S
S
S
Paraffin wax
Camphor
S
S
S
S
Amberol
Spirit-soluble
S
s
S
Albertol
yellow
s
S
s
S
Aroclar 1254
Spirit-soluble
S
S
R ezyl balsam s
s
PS
red
S
s
R ezyl resins
Spirit-soluble
Varnish-type
I
nigrosene
S
s
S
glyptals
W ater-soluble
SSH
SS
PSH
Sarpce
nigrosene
s
PSH
PSH
PSH
E ast India
Oil-soluble
B ak eliteR .
nigrosene
s
s
s
s
352
Oil-soluble
SH
S
s
Gum-Lac
s
blue
S
S
SH
Coumarone
Oil-soluble
S
S
S
Cumar
yellow
s
SSH
S
SSH
M anilla
Oil-soluble
S
S
S
Ester gum
black
s
Ester gum
Indigosol
I
S
S
S
(oxidized)
Spirit-soluble
SH
S
S
Rosin
black
I
A bietic acid
Spirit-soluble
SH
SH
S
(purified)
PS
blue
PSH
S
PSH
Beckacite
Oil-soluble
S
S
G. P. O. R esin S
green
I
Ester gum
Indigo
s
S
S
(acetylated) S
Benzo brown
G. E. Resin
36A
PSH
S
(B akelite lype)S
s
Alizarine sky
S
SSH
SSH
M anta gum
blue
SS
SH
Dammar
SH
S
V ictoria blue
S
PSH
PSH
Congo
B
SS
SH
SH
Kauri
PSH
D iazo brown
S
S
S
Zopal
scarlet (S B A
Zinc resínate
S
S
S
extra)
SSH
S = Soluble at room temperature
SS = Slightly soluble at room temperature
SH = Soluble hot
P S — Partially soluble
PSH = Partially soluble hot
I = insoluble

thyl

-

ENE
D ichlo



r id e

SH
S
PSH
S
SH
S

PSH
S
SSH
S
PSH
S

S
PSH
PSH
I

S
SSH
S
S

SSH
SS

SSH
I

SH

I

SH
S
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PSH

PSH

S
S

PSH

PSH

S

S

I
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S

SH

SH

S

S

S
PSH

S
I

SH

SH

s

S

PS
S

s

PSH

PSH

S

S

S

S

PSH

PSH

I

The chlorinated hydrocarbons have not been used in
quantity in the textile industry owing to the unstability
of most solvents of this nature. The stability of dichloro
ethyl ether and ethylene dichloride permit their use in a
number of applications where their active solvent power
for tars, fats, waxes, oils, resins, pectins, and the like is of
major importance. They are used in scouring for the
removal of paint and tar brand marks from raw wool, and oil
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and grease spots from cloth. Dichloroethyl ether is indi
cated where high temperatures are necessary and the loss of
the active solvent is an economic consideration. Hand
spotting m ay be largely eliminated by incorporating it in
fulling and scouring soaps. The exact amount required
depends largely upon the condition of the wool or cloth to be
treated, but normally approximately 2 per cent, based on
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antioxidants, antiknock compounds, and intermediates.
With sodium alcoholates the chloroalkyloxy or chloroaryloxy
ethers and the dialkyl or diaryl ethers are formed.
Isopropyl Ether
Isopropyl ether has only quite recently become available
in commercial quantities. Its properties are somewhat
similar to those of ethyl ether with the added advantage
of lower vapor pressure, higher boiling point, higher flash
point, less solubility in water, and somewhat higher solvent
power. It is an excellent solvent for animal, vegetable,
and mineral oils, and certain waxes and resins. It is of value
in extraction processes where a solvent of this nature is indi
cated.
The solubility of paraffin wax in isopropyl ether decreases
rapidly with the addition of isopropanol and also with a
decrease in temperature, while that of mineral oil remains
fairly constant. For example, at 50° C. paraffin wax is

F ig u r e 3—V apor P ressu res

the weight of the soap stock, is effective. This solvent is
often used with diethylene glycol, soaps, and sulfonated
oils in the compounding of wetting-out agents and penetrants.
This type of product is especially applicable to cotton be
cause of the solvent action of dichloroethyl ether on the cotton
waxes which more readily permits the penetration of the water
and conditioning agent into the cotton fiber. Dichloroethyl
ether is being investigated in various types of scouring solu
tions for textile fibers.
The chemical structure of dichloroethyl ether suggests
its use in the syntheses of new compounds. Its reactions
are somewhat similar to those of ethylene dichloride and
they can usually be carried out in a similar manner. For

2.40

270

300

330

36 0

T im e in M i n u t e s

F ig u r e 4 —C o m p a r a tiv e R a te s o f E v a p o r a tio n o f S o lv e n ts a t 2 5 ° C. i n

example, the amino ethers and substituted amino ethers may
be prepared by reacting dichloroethyl ether with ammonia.
The resulting compounds are of practical value as inhibitors,

F ig u r e 5— C o m p a r a tiv e R a te s o f E v a p o r a tio n
o f S o lv e n ts a t 25° C . in C ir c u la tin g A ir

miscible in all proportions and at 0° C. its solubility decreases
to 2.6 per cent by weight. The addition of 30 per cent
isopropanol decreases the solubility of the wax to 0.6 per cent
by weight at 0 ° C. The mixtures of isopropyl ether and
isopropanol may be adapted to certain processes in the
de-waxing of oil or the de-oiling of wax. The present ex
perimental work indicates that this product is of special
value when used in conjunction with ketones, alcohols, and
other ethers in this process.
This solvent is well adapted to the extraction of
acetic acid from aqueous solutions. Acetic acid is
miscible with isopropyl ether in all proportions,
while the latter is practically insoluble in water.
As with ethyl ether, the presence of a small amount
of alcohol increases the efficiency of the process.
Ethyl ether normally contains sufficient alcohol
as an impurity, but the high purity of the iso
propyl ether requires the addition of 5 to 10 per
cent of alcohol in this process.
The table of solubilities indicates that practically
all the natural and synthetic resins are either totally
or partially soluble in isopropyl ether. The ma
jority of organic solvents are miscible, although the
ethanolamines, glycols, glycerol, and their mono
esters have a limited solubility, while the di-esters
are soluble. The organic dyes are generally in
S t ill A ir
soluble in the pure solvent but are soluble in the
presence of a small amount of alcohol. The esters and ethers
of cellulose, with the exception of ethyl cellulose, are insolu
ble in mixtures of isopropyl ether and ethyl or methyl alcohol.
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Preparation of Metal Pow ders by Electrolysis of
Fused Salts1
I—D uctile U ranium
F. H. Driggs and W. C. Lilliendahl
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A survey of th e literature reveals th e fact th a t m eager
a spongy mass c o n t a in in g
HE first attempt to
data exist concerning the properties of u ran ium of a
sm a ll m e t a llic c r y s t a ls .
prepare metallic ura
high degree of purity. U ranium m eta l powder was
Fere6 (4), by electrolysis of
nium was made in 1842
prepared by electrolysis of p otassium uranous fluoride
an aqueous solution of ura
by Peligot (14), who reduced
in fused calcium and sodium chlorides. T he powder
nium chloride using a mercury
uranium chloride by means
was fused to a coherent m ass in an evacuated highcathode, obtained an amal
of sodium in a glazed por
frequency
induction furnace. A chem ical analysis
gam from which he distilled
celain crucible. The sodium
of the m etal showed carbon (0.06 per cent), iron (0.05
off the mercury in vacuo.
was covered with layers of
per cent), and silicon (0.01 per cent) to be th e only im 
This product, owing to its
dry potassium chloride and
purities present.
extremely fine particle size,
uranium chloride and the re
Chemical properties of the m etal are listed, together
burned spontaneously in the
action was started by heat
w ith its physical constants such as m eltin g point,
air. Pierle and Kahlenberg
ing the crucible externally.
density, hardness, and working properties, electrical
(15) investigated the possi
Zimmerman’s (16) method
conductivity, and tem perature coefficient of resistance.
bility of the electrolysis of
was similar e x c e p t th a t
Samples of this m etal in th e form of wire and sheet
uranium salts in non-aqueous
sodium chloride was substi
are illustrated.
solvents. Solutions of uranyl
tu ted for th e potassium
c h lo r id e , acetate, sulfate,
chloride in covering the mix
ture. According to Moissan (10) this method yields a and oxalate, as well as the anhydrous UCL, were electrolyzed
powder which is contaminated with small amounts of sodium in pyridine, ether, amyl alcohol, and ethyl acetate, but no
as well as combined nitrogen. Moissan used the more stable satisfactory yields of metal w’ere obtained. These authors
found the electrolysis of fused salts, such as potassium
double salt UCh.2NaCl,' which was heated with sodium in
a closed iron tube.
sodium uranate, potassium nitrate and uranyl nitrate, silver
Moissan (11) also attempted the reduction of uranium nitrate and uranyl nitrate and the green salt, potassium
oxide (ILOs) with sugar charcoal in an electric furnace and uranous fluoride, unsatisfactory for the production of the
obtained a metal containing some carbon and other im metal.
purities. Aloy (1) reduced the oxide U 0 2 with sugar char
Electrolytic Preparation of U ranium M etal Powder
coal, the resulting product being contaminated with carbon.
The reduction of U 0 2 by means of aluminum has also been
I t was found that a very satisfactory uranium powder
attempted (7). Burger (3) claims that TJ03 may be reduced
could be produced by electrolysis of fused baths. M any
to metallic uranium by means of calcium vapor in vacuo.
bath mixtures of varying composition were investigated to
Fischer and Rideal (5), using the methods of Peligot and get some general idea of their effect upon the yield and
Zimmerman, obtained a brown or black powder, winch they
purity of the metal. Since it was desirable that the elec
state showed no conductivity after being pressed and heattrolytic preparation of the metal should be carried out at a
treated in hydrogen. Lely and Hamburger (8), with addi
comparatively low temperature, mixtures of salts were used
tional refinements, such as the production of a dense uranium
and the principal portion of the baths consisted of the halides
chloride and careful sublimation of sodium in vacuo, obtained
of the alkali or alkaline earths with only a small proportion
a powder which, when pressed and heated to 1400° C., gave
of the uranium salt added. The following salts or mixtures
a brown metal easily attacked by hydrochloric or nitric acid.
of two or sometimes three of them in various proportions
Moore (13), using the same method, obtained a brown were tried as electrolytes: sodium chloride, sodium fluoride,
powder which he fused in an arc furnace in an atmosphere potassium chloride, potassium fluoride, and calcium chloride.
of argon. The molten metal ran out of the unfused portion
The following uranium compounds were added after the
and solidified on a water-cooled table of iron or monel metal.
bath had become molten and the electrolysis was started:
Fogg and James (6) prepared uranium by reduction of the uranium trioxide (UOj), potassium uranous fluoride (K U F5),
chloride with calcium in an alundum-lined bomb to prevent uranyl chloride (U 0 2C12), and uranous chloride (UCLi). In
contamination of the metal with iron. An analysis showed
all baths where uranium trioxide or uranyl chloride was used
the metal to contain 0.57 per cent iron and 0.09 per cent as the source of uranium, the principal product deposited at
carbon. The metal was obtained in the form of large fused
the cathode consisted of black shining crystals of the dioxide
globules, which wTere said to be “somewhat brittle and hard
(U 0 2), while with potassium uranous fluoride or uranous
and not easily worked.” A reduction using sublimed calcium
chloride the deposit, which was loosely adhering, consisted
lowered the iron content to 0.01 per cent, but no statement
of metallic uranium or a mixture of uranium and the brown
was made concerning its other impurities or workability.
oxide which was apparently formed by oxidation of the
Moissan (12) tried to produce uranium metal by elec deposited metal. These results seem to indicate that uranyl
trolysis of the double sodium uranium chloride in an atmos salts are unsatisfactory for electrolytic reduction, since they
phere of hydrogen using carbon electrodes. He obtained
appear to ionize as the uranyl (U 0 2++) ion and are deposited
upon the cathode as the dioxide. On the other hand, salts
1 R eceived March 3, 1930. Presented belore the Division of Industrial
and Engineering Chemistry a t the 79th M eeting of the American Chemical
of quadrivalent uranium, such as uranous chloride and
Society, Atlanta, Ga., April 7 to 11, 1930.
potassium uranous fluoride, apparently yield the uranous
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(U ++++) ion in a molten bath and as a result may be
electrolvzed to metallic uranium. The m ost satisfactory
results were obtained using a bath consisting of equal parts
by weight of sodium chloride and calcium chloride to which
was added the green salt (KUF5).
The apparatus for this electrolysis consisted of a graphite
crucible about 6 cm. in diameter and 15 cm. in depth, inside
measurements, with a wall thickness of 1 to 2 cm. The
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F ig u re 1—E le ctro ly sis Cell
A — M olybdenum cathode
B — Carbon crucible
C— Sheet-nickel anode connector
D — Sil-O-Cel
E— Cast-iron electric furnace core
F— Nichrom e furnace winding
G— Sheet iron

crucible served as the anode, electrical connection being
made by means of a nickel strip around the outside of the
crucible. The cathode consisted of a molybdenum strip
0.05 cm. thick and 1.0 cm. wide suspended in the center of
the crucible and extending to within 2.5 cm. of the bottom.
The accompanying diagram (Figure 1) shows a cross section
of the electrolysis cell and heating unit.
The sodium chloride-calcium chloride mixture was added
to the crucible and brought to fusion by means of an electric
furnace surrounding the crucible. The melting point of this
bath was approximately 625° C. An effort was made to
maintain the temperature of the bath within a few degrees
of 775° C. during a run. When the bath was thoroughly
fused, the cathode was lowered into the melt and a current
of 30 amperes was used, with a potential drop between the
electrodes of about 5 volts. The uranium salt (KUF6)
was then added to the bath in small amounts, as there was
some difficulty due to formation of brown oxide unless the
salt was quickly fused. The bath now consisted of approxi
mately 250 grams of sodium chloride, 250 grams calcium
chloride, and 30 grams of potassium uranium fluoride. As
soon as the uranium salt was added, metallic uranium began
to appear upon the cathode in a treelike deposit, which
continued to grow until it had reached a thickness of approxi
m ately 2.5 cm. in about 45 minutes. A t this point the
cathode was slowly lifted from the bath, a new one inserted,
and the electrolysis was continued. Fresh additions of the
salts were made as the bath became depleted. The cathode
current density corresponded to approximately 150 amperes
per square decimeter. Current densities as high as 3000
amperes per square decimeter were tried, but no pronounced
change was noticed in the appearance or particle size of the
m etal powder. The use of the entire inner surface of the
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crucible as an anode prevented the appearance of the trouble
some “anode effect.”
T reatm en t of M etal Powder
The deposit adhering to the molybdenum cathode con
sisted of a gray spongy mass interspersed with solidified salt
which served to protect the metal from oxidation while it
cooled. After cooling, the mass was broken off the cathode
and dissolved in water. N o corrosion or alloying effect could
be observed on the molybdenum cathode and, as the chemical
analysis will show later, no molybdenum was present in the
adhering metal. However, with nickel cathodes the product
was contaminated, analyses showing as high as 17 per cent
nickel at times. The alloying effect with iron was even more
pronounced. Owing to the high density of the uranium
powder, any traces of calcium fluoride or other insoluble
salts, as well as the finer grained portions of the powder,
could be washed away, leaving a fairly pure, coarse gray
product. This was washed with 5 per cent acetic acid
to remove traces of calcium carbonate and oxide and was
then filtered, washed with alcohol and ether, and dried.
This powder, when examined under the microscope, showed
no traces of oxide or other foreign material and the individual
particles were silver-white in appearance. The powder was
either pressed and heat-treated immediately or preserved
in tightly stoppered flasks until ready for use. This product
was not markedly pyrophoric, but it was found that when
the powder contained a small amount of finely divided metal it
was likely to ignite spontaneously after being thoroughly dried;
thus no effort was made to recover the finer portions of the
metal powder owing to this tendency toward rapid oxidation.
Fusion of th e M etal
Cylindrical pellets were pressed from the uranium powder
in a hardened tool-steel mold using a pressure of about
12,000 kg. per sq. cm. It was found that the pressed pellet,
upon removal from the mold, was likely to ignite sponta
neously upon exposure to the air. This was probably due
either to the heat developed by friction in pressing or, possi
bly, to the fact that fresh surfaces of the metal were broken
up and exposed when the pellet was pressed. B y removing
the pellet from the mold immediately after being pressed
and plunging it into ether, this tendency to take fire was
prevented and it was kept in this manner until ready to be
placed in the heat-treating bottle.
The heat treatment of the pellet was carried out in an
induction heat-treating bottle of exactly the same type as
used for the treatment of thorium buttons in this laboratory
and described in previous publications (9). The pellet
was supported in a thoria-lined dish, and upon heating
it above its melting point the fused metal flowed out and
collected in a ring surrounding the bottom of the unfused
portion. Although the metal powder was very pure, some
oxidation always takes place during handling and treating,
especially if very slow and careful degasification is not
employed. A shell consisting of a small amount of slag
and unfused metal always remained and was discarded.
C hem ical A nalysis of Fused M etal
The fused metal was analyzed for the following constitu
ents: uranium, silicon, carbon, iron, vanadium, and molyb
denum.
U r a n i u m —Total uranium was determined gravimetrically
by converting the metal to U3Os and calculating the per
centage uranium, making corrections for impurities found.
S

am plb

Gram
0.9 4 0
0.8929

UaOg
Grams
1.1071
1.0521

U

Gram
0 .9389
0 .8923

r a n iu m

Per cent
9 9 .8 8
99 .9 2
Av. 9 9 .9 0
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I r o n —The uranium metal was dissolved in aqua regia
and the sample evaporated almost to dryness, dissolved in
10 cc. of concentrated hydrochloric acid, and again taken
almost to dryness to expel nitric acid. The residue was
taken up with 5 cc. concentrated hydrochloric acid and
diluted to 150 cc. with water, allowing it to cool. When
cold 20 cc. of hydrogen peroxide were added to the solution
and the solution was neutralized by addition of solid sodium
carbonate, adding 3 grams in excess. The solution was
heated to boiling for 20 minutes, keeping thé volume constant
by addition of water. (The uranium passes into the solution
and the iron precipitates as a basic carbonate.)
The iron carbonate was filtered and washed with hot water.
The precipitate was dissolved in hot hydrochloric acid and
the above precipitation repeated three times to remove
any occluded uranium. The iron in the final precipitate
was determined by the usual method of precipitation as the
hydroxide and weighing as oxide.
The above method was checked by adding a standard iron
solution to a solution of a uranium salt.
U ra n iu m M e t a l

Grams
4.9750

FesOj
Gram
0.0039

I
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the resistance of the strip so that the temperatures at this
point could not be controlled. After correcting the observed
temperature for tungsten em issivity and absorption by glass,
the melting points for two samples were 1690° and 1688° C.,
respectively.
D e n s i t y —The average of three determinations of the
density of the fused metal gave the value 18.9. The density
of a cold-rolled wire which had been reduced from 200 mil
to 40 mil diameter was found to be 19.07. These values are
somewhat higher than those recorded by Zimmerman (17).
S p e c if ic
R e s i s t a n c e —The
measurement of specific
resistance at 23° C. was made on a square uranium rod
0.1000 by 0.1005 cm. average dimensions. A current
of from 100 to 400 milliamperes wras passed through the rod
and the voltage drop across a measured length of 29 cm. was
determined by means of a potentiometer. The average of
three determinations gave the value 32.1 X 10“6 ohm per
centimeter cube.

ron

Gram
0.0027

Per cent
0 .0 5 5

C a r b o n —Total carbon was determined by direct com
bustion in oxygen followed by absorption of carbon dioxide
in standard absorption bulbs. The method was checked
using samples of Bureau of Standards standard steel.
Sam

COj
Gram
0.0 0 4 8
0.0042

ple

Grams
2.2660
1.8500

C a rb o n

Av.

Per cent
0 .0 5 8
0 .0 6 2
0 .0 6 0

S i l i c o n — Silicon was determined by the standard gravi
metric method, weighing as SiCb followed by volatilization
with hydrofluoric acid, S i0 2 being determined by difference.
Sam

SiOj
Gram
0.0017

ple

Grams
5.6375
M olybdenum

and

S ilic o n

Per cent
0 .0 1 5

V a n a d i u m —Tests

for molybdenum

and vanadium were negative.
Properties •
A freshly polished surface of fused uranium has a white
steel-like color. It slowly oxidizes in air, becoming brown
after a few days. Pieces of uranium which had been etched
with nitric acid and carefully washed with water and alcohol
developed a layer of blue oxide after a few days’ exposure,
which slowly changed to the brown oxide.
The metal was easily attacked by both concentrated and
dilute hydrochloric acid, more slowly with sulfuric acid, and
very little action was observed with dilute or concentrated
nitric acid. No action was apparent upon standing in vrarm
concentrated acetic acid for 12 hours.
M e l t i n g P o i n t —The melting point of uranium wras
determined by placing small, thin sections of the metal
upon a tungsten strip suspended in an evacuated bulb of
clear glass. The temperature W'as observed by means of an
optical pyrometer. Below' the melting point of the uranium
the temperature of the tungsten appeared higher than that
of the uranium, but when the piece melted no difference
in temperature could be observed. The point at which
this difference in temperature disappeared w'as taken as the
melting point of the uranium. Upon removal of the strip
the uranium wras found to have coalesced into a round bead,
but no alloying with the tungsten at this temperature was
observed. This was not the ease with either molybdenum
or tantalum, howrever, as alloying occurred with each of these
metals below' or at the melting point of uranium and changed

F ig u r e 2— S a m p le s o f U r a n iu m
T e m p e r a t u r e C o e f f i c i e n t o f R e s i s t a n c e 23° t o 140°
C.—The temperature coefficient of resistance was measured
by means of the same circuit as described above, except that
this time the wire was enclosed in an evacuated glass tube
and the current and potentiometer connections were made
by means of sealed-in lead wires. The method was checked
against drawn copper and gave the values 0.0037 and 0.0039.
The literature records the value 0.00382 at 20° C. for coldW'orked copper. The value, a, for uranium wTas found to be
0.0021 in the equation

R = R 0 (1 + at)
H a r d n e s s a n d , C o l d - W o r k i n g —The hardness of fused
uranium varies from B-92 to B-94 on. the Rockwell scale.
After the samples had been cold-wmrked, the hardness in
creased, until at about B-112 the metal began to show signs
of longitudinal splitting. A t this point the m etal ivas
annealed for 15 to 20 minutes in vacuo at approximately
1000° C. This caused a reduction in hardness to B-97
and further cold-working could be carried out. Samples of
ware 0.035 cm. in diameter and sheets of 0.01 cm. thickness
have been made by cold rolling. Figure 2 show's a slug of
uranium as it is formed by melting it away from a pellet of
the pressed powder. Samples of the powder, wire, and sheet
are also illustrated.
It is hoped that a metallographic study of this metal can be
made in the near future provided suitable etching reagents
can be found. A number of metals have been prepared by the
electrolytic decomposition of their fused salts and it is hoped
to publish these in the near future.
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Properties of Strontium -T in A lloys1
K. W. Ray
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EVERAL strontium-tin alloys have been prepared
(3, 5), but no systematic study of the properties of these
alloys has been made. The thermal diagram of the
magncsium-tin system (2) as well as the thermal diagram
of a portion of each of the calcium-tin (1) and the bariuni-tin
(6) system s have been worked out, but there is no record of
any such work for the strontium-tin system.
According to Tammann’s rule (7) that an element forms a
compound with all the elements of a natural group or with
none of the members of the group, tin should form com
pounds with strontium, since it does with magnesium, calcium,
andA.barium. However, the crystal structures of barium
and of strontium are different (4)> and crystal form seems
to_be somewhat related to compound formation.

S

Iow

a

, I

owa

C

it y

, I owa

The electrolysis was carried out at the lowest temperature
at which the contents of the crucible could be kept liquid.
The salt bath was usually entirely liquid at 600° C., but in
some cases the temperature had to be kept much higher
than this to maintain the alloy in a molten condition. The
alloys prepared in this way contained appreciable amounts
of sodium, which was largely removed from all alloys con
taining less than 25 per cent strontium by remelting the
crude alloy under a bath of pure strontium chloride. The
extent of the purification is shown in the following case:
An alloy as first made contained 20.04 per cent strontium
and 0.21 per cent sodium, while after its fusion with strontium
chloride it contained 18.95 per cent strontium and 0.04
per cent sodium. This remelting was done in a fire-clay
crucible heated in a gas-fired furnace.
The thermal diagram was based on the data obtained by
methods of thermal analysis as well as by microscopic study
of the alloys. In taking a cooling curve, the metal was
placed in a Pyrex test tube which was wrapped with asbestos
paper and then placed in a vertical electric tube-furnace.
The temperature was raised to about 100° C. above the melt
ing point of the alloy and the current shut off. The cooling
rate was recorded automatically by a Brown electric recording
pyrometer. A few drops of a paraffin oil were placed in the
tube before heating to prevent oxidization of the sample.

Even though strontium-tin alloys have no industrial use
these alloys should have as much interest from the point
of view of theoretical metallurgy as any other alloy system.
They might also have sufficient bearing on problems of both
theoretical and practical interest to justify their investigation.
The purpose of this investigation, therefore, was to prepare
a large number of strontium-tin alloys, to study their proper
ties, and to construct as much of the thermal diagram as
possible from the data obtained.
Experim ental M ethods
The strontium-tin alloys were prepared and tested by
methods similar to those used by Ray and Thompson (6)
for the barium-tin alloys. The alloys were produced by the
electrolysis of a mixture of fused sodium and strontium
chlorides over molten tin, in a chromium-plated iron crucible.
The molten tin was made the cathode and a carbon rod
which extended into the salt bath served as the anode.
Chlorine was evolved at the anode while strontium was de
posited in the liquid cathode metal. The composition of
the bath varied from 60 to 90 per cent strontium chloride
by weight, the remainder being sodium chloride. The
crucible and contents were heated b y one or more gas burners.
1 R eceived March 6, 1930.

F ig u r e 2— T h e r m a l D ia g r a m

M ost of the alloy samples were studied microscopically
(1) as chill-cast; (2) after annealing several hours at 240° C.;
and (3) after annealing a few hours near the m elting point
followed by rapid cooling. It was found necessary to seal
the samples in Pyrex tubes before annealing to prevent
oxidation.
The specific gravity was determined only on the chill-cast
alloys. A section of the ingot prepared b y pouring the
molten m etal into a steel mold was smooth-polished on a
fine emery wheel. The piece was then weighed in air, and
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in dry kerosene of known density. The specific gravity
of the alloy at 20° C. was then calculated with reference
to water at the same temperature.
The hardness of the chill-cast alloys was determined on the
Brinell, the Rockwell, and the Shore scleroscope hardness
testers.
The rate of corrosion of a few of the alloy samples was
determined in dry air, in moist air, and in water. Samples
of the cast alloys were placed in a desiccator over fused
calcium chloride, and other samples in a closed vessel over
water. The gain in weight of the samples was noted at
regular intervals during a period of 3 months. The rate
of hydrogen evolution from samples in pure water was also
noted.

Vol. 22, No. 5

The tin and the strontium and sodium chlorides used were
the ordinary c. p . grade, but impurities were introduced
during the electrolysis, and still more during the removal
of the sodium by remelting the alloy with strontium chloride
in the fire-clay crucible. The strontium of the alloy reacted
with oxides of the crucible, and small amounts of iron,
aluminum, silicon, and other elements were introduced
into the alloy. The amounts of these impurities increased
with increasing amounts of strontium, so that it was deemed
inadvisable to remelt the alloys containing more than 25
per cent strontium. However, m ost of the alloys contained
more than 99 per cent of strontium and tin. The small
amount of impurities undoubtedly produced definite but
small effects on the properties of the alloys.
T a b le I —T h e r m a l A n a ly s is D a ta
Stron
t iu m

IN
A

lloy

Per cent
0 .0 0
4 .0 3
6.41
9 .9 8
12.68
15.05

P E R C E N T o T R O N T /U M
F ig u re 3— S p ecific G ravity o f A llo y s a t 20 °/2 0 » C.

R esults and Discussion
It was found to be impractical to prepare alloys containing
more than 30 per cent strontium by electrolysis in an iron
crucible. The melting point of the alloy was so high that
trouble was experienced in keeping it liquid. At this tempera
ture the iron crucible oxidized badly and the fused salts in
the bath volatilized rapidly. The current efficiency was also
very low. For these reasons alloys containing more than
30 per cent strontium were not made. The current efficiency
obtained in the preparation of the alloys, when a current
density of one ampere per square centimeter at the cathode
was used, is shown graphically in Figure 1.
The purity of the alloys was not so high as was desired.

F ig u re 4— 17.58% S t r o n tiu m , C h illC a st.
W h ite , S n ; D ark, Sn jSr.
X

B

n in g
S o l id



E nd op
S o l id i
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if i
f ic a 

e g in

A rrest
D u e to
F orm a
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Sm Sr

°C .

° ,C .

°C .

232
333
388
452
504
565

232
232
232
232
230
228

338
335
333
333



t iu m

t io n o p

t io n

c a t io n

S

A

in
lloy

Per cent
17 .5 8
20 .2 3
2 1 .0 5
2 4 .0 5
2 6 .7 2
2 9 .6 5

B

e g in



n in g o p
S o l id if i

E nd op
S o l id i
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A rrest
D u e to
F orm a
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S nsS r

c a t io n

t io n

°C .
588
605
580
690
730
797

°C .

°C .

225
580
580
580
580
575

330

The thermal diagram for the portion of the strontium-tin
system studied is shown in Figure 2, and the thermal analysis
data from which it was constructed are given in Table I.
Two intermetallic compounds were found, Sn6Sr and Sn3Sr,
and a third was indicated. Sn5Sr was unstable at tempera
tures above 338° C., while Sn3Sr was stable at all tempera
tures up to the m elting point. The time required for the
formation of Sn5Sr from Sn3Sr and tin was considerable, and
appreciable quantities of Sn6Sr do not exist in the chill-cast
alloys. This explains why free tin was found in some of the
alloys containing more than 12.90 per cent strontium.
These alloys cooled so rapidly while obtaining the cooling
curves that insufficient time was given for the complete
reaction of all the tin with the solid Sn3Sr to form Sn5Sr.
After annealing these alloys for several hours at 240° C.,
no tin was found by microscopic study. The alloys con
taining between 20 and 30 per cent ■strontium were clearly
of the eutectic type, one component of which was Sn3Sr,

F ig u re 5— 17.58% S t r o n tiu m .
Sam e
a s F ig u re 4, e x c e p t H ig h er M a g n ifica 
tio n . X 750

F ig u r e 6— 6.41% S t r o n t iu m , A n n e a le d
a t 240» C.
W h ite , S n ; D a r k , S m S r .
X 250
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F ig u r e 7— 8.10% S t r o n tiu m .
n e a le d a t 240° C .
W h ite , S n ;
SxnSr. X 100
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A n
D ark,

F ig u r e 8— 12.68% S t r o n t iu m ,
A n
n e a le d a t 240° C. O n ly Sn sSr P r e s e n t in
P h o to g r a p h e d S e c tio n . X 500
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F ig u r e
9— 12.68% S t r o n t iu m , A n 
n e a le d a t 350° G. a n d Q u e n c h e d Sn
a n d Sn*Sr. X 100

these alloys for longer periods of time
causes the disappearance of either the
tin or the Sn3Sr.
The specific gravities of the alloys are
shown in Figure 3. The calculated
values, taking the specific gravity of tin
as 7.30 and of strontium as 2.60, are also
plotted. Evidently there is a slight
contraction in volume when alloys con
taining less than 6 per cent strontium
are made, while an expansion occurs in
the formation of alloys containing more
than 9 per cent.
The hardness of the alloys increases
rapidly with increasing amounts of stron
tium until the first compound is formed,
after which the hardness increases much
more slowly. The hardness of the chillcast alloys is shown in Table II. The
chill-cast alloys containing more than
about 18 per cent strontium were so brit
tle that they broke in the Brinell tests.
The hardness of the annealed samples
was not studied, but it was much
F ig u r e 11— 21.05% S t r o n tiu m .
M ay
F ig u r e 10— 17.58% S t r o n t iu m , A n 
B e E u te c tic o f S n 3Sr a n d S n S r .
X
n e a le d fo r 2 H o u r s a t 240° G. W h ite,
greater than that of the corresponding
S n ; D ark , SrnSr; a n d L ig h t, S n 3Sr.
500
chill-cast alloy in all cases where the
X 100
content of strontium was less than 19
while the other was still another compound whose identity
per cent. This was. due, of course, to the presence of Sn5Sr,
was not established but which might have been SnSr. The which was very much harder than tin.
microscopic examination of these alloys was somewhat un
T a b le I I — H a r d n e s s o f S t r o n t iu m - T ln A llo y s
satisfactory, owing to the poor image obtained on account
R ock 
R ock 
w e ll B
w ell B
of the very rapid tarnishing of the polished surface in air.
B r in e l l
S cale
B rin e ll
S cale
A thin coating of a dry oil helped some, but did not overcome
S tr o n - 500 KG. S h o r e
7« i n .
S t ro n  500 K G . S h o r e
74 i n .
T IU M
10-MM.
S
clero - B a ll ,
t iu m
10-MM.
SCLERO B all,
this difficulty entirely.
C on t en t B all S C O P E
100 K G . C o n t en t B a LL S C O P E
100 K G .
The structure of several of the alloys is shown in the micro
Per cent
0 .0 0
4
11.1
-2 8
15.05
3 8 .3
16
78
graphs of Figures 4 to 11. In the cast condition alloys low
4 .0 3
1 7 .0
8
17 .5 8
4 5 .6
21
92
+ 1
in strontium are composed of long, needle-like crystals of
Sam ple
6 .4 1
2
1
.8
10
15
2
0
.2
3
broke
36
110
SmSr imbedded in a matrix of tin. After annealing at a
Sam ple
9 .9 8
12
2 8 .0
40
32
25 .8 1
broke
115
temperature above 338° C., the needles of Sn3Sr spheroidize
Sam ple
more or less completely, as is shown in Figure 9. Alloys
12.68
3 4 .4
14
62
2 9 .6 5
broke
40
116
containing less than 19 per cent of strontium, when annealed
Strontium-tin alloys corrode very rapidly in damp air
below 338° C. for only a short time, show the three con
and water, but much more slowly in dry air. Strontium
stituents, tin, SnsSr, and Sn3Sr. (Figure 10) Annealing

hydroxide forms in the presence of moisture, and the tin is
left in the form of sponge. In dry air the alloy tarnishes
only superficially with a coating which seems to be a mixture
of the oxide and carbonate. Table III gives some corrosion
data for an alloy containing 18 per cent strontium.
T ab le III—R a te o f C orrosion o f 18 Per C en t S tr o n tiu m -8 2 Per C e n t
T in A lloy a t 20 3 C.
E
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x po sure

I n A ir S a t d . w it h
W a ter V a po r

In D

ry

A ir

Days
10
20
30
40
50

Gain in weight
Gram Per sq. cm.
0.07
0 .1 8
0.31
0 .4 5
0 .6 2

Gain in weight
Gram Per sq. cm.
0.0013
0.0024
0.0033
0.0048
0.0051

60
85

0 .8 5
1.42

0.0060
0.0081

In W

ater

Hydrogen evolved
per sq. cm. sur
face
Cc.
Hours
52
10
24
106
154
34
202
46
264
58
Completely
disintegrated
65

All the chill-cast alloys containing more than 12 per cent
strontium were practically-non-malleable and non-ductile.
Alloys containing from 12 to 18 per cent strontium were
coarsely crystalline, as shown by the fracture, and the alloys
still higher in strontium were about as brittle as glass.
Strontium-tin alloys m ight be used as de-oxidizing agents
for bronze, or they could be used to introduce tin and stron
tium into many other alloys if this were found to be desirable.
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Studies in Heat T ransm ission1
I—M easurem ent of Fluid and Surface T em peratures
A. P. Colburn5 and O. A. Hougen
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The accuracy of experimental data on heat transm ission
depends upon exact m easurem ents of temperatures of sur
faces and fluid stream s. The serious errors introduced by
improper use of therm ocouples are dem onstrated.
Methods are given for the following tem perature m eas
urem ents with thermocouples:
(1) M easurement of the average tem perature of a given
cross section of a fluid stream or of a given surface area
by a single observation by m eans of a special m ultiplejunction thermocouple.
(2) An accurate m ethod of measuring surface tem pera
tures of m etals. This m ethod consists in im bedding the

wires in a narrow slo t in th e m eta l surface in a lin e of
zero tem perature gradient for a distance of ab out 1 inch
in each direction from th e ju n ctio n . The ju n ctio n is
soldered in place and m ade flush w ith outer surface of
m etal. T he rest of th e couple in th e groove is packed
flush w ith surface w ith glycerol-litharge cem en t providing
excellent therm al con tact b u t poor electrical con tact except
at the jun ction .
(3)
M ethod of m in im izin g tem perature fluctu ations of
couples in fluid stream s so as to fa cilitate readings.
A review and criticism of previous m ethod s are given.

N D ET ER M IN IN G the heat-transmission coefficients of
the various fluid films in an experimental tubular gas
condenser, a preliminary study was made of the technic
of temperature measurements in such a heat exchanger. For
convenience and precision thermocouples were used which
required special arrangements for the following conditions:
(1) to measure the average temperature of an area over a
given cross section of a fluid stream or over a given surface;
(2) to measure the temperatures of surfaces; and (3) to
minimize the fluctuations of thermocouple temperatures
which would prevent precise balancing of the potentiometer.

will be the average of the individual circuit e. m. f.’s. If the
resistances are not the same, the individual temperatures will
be weighted by the relative conductances of the junction
circuits in determining the reading of the single wires. A
proof of these statements follows.
The relation of the e. m. f. of the single wires to the e. m.
f.’s of the individual thermocouples can be shown theoretically
from Kirchoff’s laws. Let the individual junctions and wires
be represented by sources of e. m. f. {eh e2, . . . e„) and by
electrical conductances (c4, c2, . . . c„). (Figure 1) By
Kirchoff's first law the total e. m. f., E, across the main
wires bears the following relationship to the individual e. m.
f.’s, where i\, u, . . in are the currents flowing in the individual
circuits:

I

Measurement of Average Temperature of Areas
1 o measure the average temperature of fluid streams and of
surfaces a multiple-junction single thermocouple was devised.
This consists essentially of several very short thermocouples
connected in parallel to a common pair of thermocouple
wires. These short branch thermocouples are all of equal
length (3 or 4 inches), just long enough to reach the common
thermocouple wires. If the resistance in each small branch
circuit is the same the e. m. f. indicated by the common wires
> R eceived February 10, 1930. Abstracted from a forthcoming bulletin
of the Chemical Engineering Department of the University of W isconsin.
1 Fellow in Chemical Engineering, University of W isconsin. Present
address, E xperim ental Station, E. I. du Pont dc Nemours 8: Company
W ilmington, Del.
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By summing up the (n) equations for the (n) junctions and by
Kirchoff’s second law, placing

*1

+ H + ................. + in =

the following equation results:
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E Ci + E Ci + . . + E cn = ei ci +

¿2

c2 + . - + e„ c„

Solving for E:
t-i

& =

Ci +
Cl +

;

e2 Ci +
Cl +

:

. . . . +
. . . . +

E =

temperature gradient from the surface to the medium.
Nusselt (6) showed that the error is a function of the term:

en cn

d h

;--------Cn

This equation states that E is the average of ej, e2, . . e„
weighted by the conductances, Ci, cj, . . cn.
If the conductances of the individual circuits are equal:
~l~ eg d~ ■• • + gn

11

The above relationship was checked experimentally by the
use of a double-junction copper-constantan thermocouple and
two water baths at different known temperatures. When
both junctions were in the same bath, the resultant e. m. f.
was the same as that of an ordinary single-junction thermo
couple. When the two junctions were in different baths, the
resultant reading was almost exactly the average temperature
of the two baths as determined separately by the double junc
tion or by single thermocouples, as shown by Table I.
To test the applicability of the multiple-junction thermo
couples to the measurement of surface temperatures, the
effect of an electrical connection of low resistance between the
two individual junctions was determined. The junctions of
the double-junction thermocouple were connected by a piece
of heavy iron wire and again immersed in the two baths.
The resultant reading again agreed well with the average
temperature of the baths, as shown by Table I.
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where

kw
k,
d
h

=
=
=
=

\~ T 7 ~
thermal conductivity of wires
thermal conductivity of surface
diameter of wires
heat-transmission coefficient from wires to sur
rounding medium

Surface temperatures of a steam drum were measured with
copper-constantan thermocouples soldered directly to the
surface and with the wires extending perpendicularly into the
air. This arrangement showed an error of 2 per cent in
temperature measurement. The heat-transmission coef
ficient for natural convection from wires to air is very small

T a b le I —T e s t o f D o u b le - J u n c tio n T h e r m o c o u p le
(T he tw o hot junctions are represented by sym bols A and B )
P

o s it io n

Microvolts
(Checked b y single couple)
1048
(Checked by single couple)
4192
A verage........................ 2625
in bath (1), B in bath (2)
2644
in bath (1), A in bath (2)
2616
A verage........................ 2630
JU N C T IO N S A A N D B C O N N E C T E D B Y H EA V Y IR O N W IR E
in bath (1), B in bath (2)
2660
in bath (1), A in bath (2)
2600
A verage........................ 2630

A and B in bath (1)
A and B in bath (2)
A
B

A
.B

Thus for a difference of 130° F. in temperature of the two
baths, the deviation of the double-junction reading from the
average of the two single e. m. f.’s corresponded to only 0.6° F.
The error in the case of the connected junctions was only 1.2° F.
For small temperature differences between the junctions
an excellent average value should therefore be obtained.
This type 'of thermocouple was used only for measuring the
average temperature of areas where differences of only a few
degrees prevailed.
M easurem ent of Surface Tem peratures
The modern trend of the experimental determination of
heat-transmission coefficients of separate films has required
accurate methods for the measurement of surface tempera
tures. Measurements by means of a thermocouple may be
subject to serious errors, depending upon the method of at_ taching the junction to the surface. Errors may be intro
duced by the conduction of heat along the wires to or from the
junction, or the location of the couple on the surface may act
as an insulator and thus change the normal temperature at
that position. The latter condition disallows the use of
insulation over the junction and adjoining area to minimize
the heat conduction along the wires.
Where the thermocouple wires extend directly out from the
surface, the magnitude of the error in the temperature of the
junction due to conduction of heat along the wires depends
upon the diameter of the wire, the thermal conductivities of
the metal surfaces and the wires, the heat-transmission co
efficients from the wires to the surrounding medium, and the

F ig u r e X

compared with the thermal conductivity of the wires, so that
if the leads pass out into a medium in which they have a high
heat-transmission coefficient, such as cooling water or con
densing vapors, the error will be much larger. Some investi
gators have minimized this error by carefully peening the
wires into holes in the surface, thus avoiding an increase in the
area of surface at the junction of the thermocouple. Even
in this arrangement any measurements made where the leads
passed directly into a highly conducting medium must be in
error. M any data of heat-transmission coefficients are un
reliable because the surface temperatures used in the calcula
tions were incorrectly measured.
P r e v i o u s M e t h o d s —Because of the importance of an
accurate knowledge of surface temperatures for determining
the heat-transmission coefficients of film and the thermal
conductivities of solids, many methods of measurement have
been suggested. Among the first to publish surface-temperature measurements in heat-transmission investigations were
Stanton (11) and later Soenneeken (10), who used extensometers to indicate tube temperatures. These methods re
quire frequent difficult calibrations and only determine the
average temperature of the entire tube. Jordan (S) and later
Webster (12) brought thermocouples out from the surface
in small tubes attached to the surface. Such attachments
change the surface temperature, since the presence of the
tubes changes the flow of heat from the surface. Rietschell
(9) supported the thermocouples for measurement of surface
temperatures in rather long grooves on the inside of the pipe.
The wires near the junctions were kept in good thermal con
tact with the surface by being packed in the grooves with a
litharge-glvcerol cement. A t the end of the groove away
from the junction the wires were led through a hole in the pipe
to the outside. Such a system will give accurate results only
if the wires are electrically insulated near the junction.
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Kreisinger and Barkley (5) attempted to correct for con
duction of heat to the junction by measuring the surface
temperature with thermocouples of different sizes. By plot
ting observed temperatures against diameters of the wires,
they expected to be able to extrapolate to zero diameter and
then obtain the correct value for the temperature. Un
fortunately one of their smaller wires broke before they ob
tained satisfactory results. This method may be accurate if
the different junctions are attached at positions of exactly the
same temperature, but is inconvenient since it requires addi
tional thermocouples of different sizes. A test made by the
writers with thermocouples of three sizes showed this method
to be difficult of application, since the presence of different
amounts of solder on the different junctions would throw off
the extrapolated value.
Reiher (8) used a method similar to that of Rietschell. He
introduced the wires into small grooves parallel to the axis of
the pipe and extended these grooves from the junction to the
end of the tube. The junctions were soldered in small de
pressions and smoothed over. The groove was covered with
cement so as not to alter the surface conditions. King and
Blackie (4) imbedded thermocouples in small copper disks,
which wrere then pressed against the surface. This is similar
to the surface temperature elements of Ilencky {2), in which
the wires are contained in a spiral groove of a copper disk.
This method should be good if care is taken to see that the
wires are in good thermal contact with the disk but electrically
insulated from it, and that the disk is in very good thermal
contact with the surface—a condition which is difficult to
obtain.
Bayer and Buss (1) developed a portable thermocouple
consisting of a thermocouple junction held against the surface
and compensated against heat losses by means of a small
electric heating element. This couple cannot be used when
the surface is cooler than the medium next to it, and cannot be
kept in place on the surface more than momentarily or it will
act as an insulator for heat transmission and thereby change
the surface temperature from its normal value.
Othmer and Coats (7) used an electrodeposition method in
which one wire was of the same metal as the surface and was
attached directly to it, and the other "wire was looped around
the pipe at the desired position and then covered by an elec
trodeposited layer of metal of the same composition as this
wire. The claim for this method was of providing a com
paratively broad interface for one j miction of the couple.
This broad interface, however, acts as a large number of
junctions connected in parallel. It was previously shown, in
discussing the theory of multiple-junction couples, that the
e. m. f. indicated by the resultant leads is the average of the
individual e. m. f.’s weighted as the conductances of their
separate circuits. Thus the interface just at the position
where the wire enters the deposited metal will have an enor
mous conductance, and the resultant e. m. f. will be practically
that of this relatively small area. The temperature at this
small interface will be affected by heat conduction along the
wire unless the electrically deposited layer is quite thick.
Thus this method is of but little advantage, and furthermore
is impractical for most equipment owing to difficulties of
electroplating on large tubes and the restriction of the choice
of tubes or thermocouple wires.
P r o p o s e d M e t h o d —From the above review it is seen that
the twro best methods of surface-temperature measurement so
far proposed are of imbedding the wires in the surfaces for
some distance back from the junctions with good thermal
contact and electrical insulation or, where this is impossible, to
use the extrapolation method with thermocouples of different
sizes of wires. For the present investigations on heat trans
mission of condensing steam, great care was necessary in the
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measurement of surface temperatures, since the thermo
elements passed into condensing steam, which has an enor
mous heat-transmission coefficient. The thermocouples
were placed in annular slots around the vertical pipe which
were about y 32 inch wide and deep. The wires were extended
about an inch from the junction in opposite directions. The
junctions were soldered in place so that the solder was flush
with the outer surface and the rest of the couples were packed
in the slot with a glycerol-litharge cement flush with the pipe
surface. Thus the wires were in fair thermal contact with
the metal of the pipe, but electrically insulated from it every
where except at the junction. Some question m ay be raised
as to the degree of thermal contact attained with the glycerollitharge cement around the rubber-covered wires. Prac
tically, this is not important as long as the top of the groove is
flush with the pipe surface and the groove is narrow. This
type of couple was tested on a steam drum and found to agree
with the exact surface temperature as calculated for conditions
of known heat flow through the m etal. The surface couples
used for heat-transmission investigations were of the multiplejunction type with four hot junctions for each area. These
were located at points on the surface of the pipe on the same
horizontal plane but at angles of 90 degrees apart, thereby
measuring the average pipe temperature at any section.
Very consistent results were obtained in practical use, which
further verified both the method of fastening to the surface
and the use as multiple-junction thermocouples.
M inim izing F lu ctuation s of Therm ocouple T em peratures
Two methods were found to minimize fluctuations of
thermocouple e. m. f.’s in fluid streams where efforts are made
to maintain constant temperatures. Where temperatures
fluctuate greatly, the balancing of a precision potentiometer is
difficult or impossible. Air was bubbled into a narrow
necked flask filled with boiling water and an ordinary thermo
couple in the neck was found to fluctuate widely. Two
methods which decreased this variation were the application
of a thin covering of cotton gauze and enclosing the junction
and wires near it by a closely fitting thick-walled copper tube.
Since the air-'steam mixture was saturated, the gauze covering
became saturated also and then was slow to change in tempera
ture because of its high heat capacity. The copper tube also
acted as a heat reservoir to keep the junction from following
momentary changes in the temperature of the gas. In both
methods the covering was extended over the wires near the
junction, so there would be no heat conduction along the
wires to the junction. The wires were electrically insulated
from the copper tube at all places except at the junction—a
very necessary condition as the wires would follow tempera
ture fluctuations and tend to conduct heat to or away from
the junction unless this precaution is taken.
The method of gauze covering was found advantageous for
all couples located in streams of liquids or saturated gases.
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II—D ehum idification
In stud yin g th e flow of heat through a tubular gas con 
denser, h eat-tran sm ission coefficients were measured
separately for w ater film, m etal, condensate layer, and
adjoining gas film . These m easurem ents were taken at
sm all successive intervals of length and correlated w ith
the known conditions existing at th e exact point's of m eas
urem ent.
T he con d en sation of steam from a m ixture of steam
and n on-con densing gases is prim arily a diffusional proc
ess depending upon th e flow and diffusion of water-vapor
m olecules to the condenser surface through the n on -con 
d ensing gases. R ates of condensation should therefore
m ore properly be based upon th e m ass-transm ission co-

efficients of w ater vapor through th e gas film rather than
upon h eat-tran sm ission coefficients. Em pirical and th eo 
retical equations have been developed for both m assand h eat-tran sm ission coefficients of condensing steam gas film s in term s of all operating variables.
T he transm ission of heat across liquid layers resu lt
ing from th e condensation of vapors can be calculated
from th e fundam ental equations of viscous flow de
veloped theoretically from the physical properties of th e
condensate, su ch as la ten t heat, density, therm al con 
ductivity, and viscosity, and from the tem perature drop
and rate of condensation.

N A TT EM PT IN G to calculate the flow of heat through
tubular gas condensers, the interesting fact was ob
served that previous investigators on heat transmission
had not covered the unusual conditions encountered in this
type of heat interchanges In a tubular gas condenser, heat
flows from a condensing-vapor and gas mixture through the
wall of an iron pipe to a stream of cooling water. Although
many experiments have been made on the dehumidification of
gases at low temperatures where the volume change due to
condensation is negligible, no satisfactory experiments have
been recorded on gases saturated with water vapor at high
temperatures, where changes in the percentage composition,
volume, and weight during condensation are often enormous.
Then again, in trying to calculate the flow of heat into the
water stream, it was discovered that the range of water
velocities usually encountered in gas-condenser operation was
below the range of investigated values. Since one or the
other of these conditions is frequently encountered in many
other types of heat interchangers, it seemed that an investi
gation of the flow of heat under these two unique conditions
would offer a fruitful field for experimentation.
When heat passes from one fluid to another through a divid
ing wall, it is customary and convenient to consider the total
resistance to heat flow as consisting of a number of inde
pendent resistances in series. In a tubular gas condenser the
resistances offered to the flow of heat from the hot condeDsingsteam and gas mixture to the cold cooling water are repre
sented in the following order: the saturated gas adjoining the
condensate, the condensate layer, the rust layer on the outside
of the pipe, the metal of the pipe, the scale and the rust on the
inside of the pipe, and the water film on the inside of the pipe.
The present paper deals with the transmission of heat through
the vapor-gas film and the condensate layer. The following
paper will deal with the flow of heat through the water film of
a low velocity stream of cooling water.

of the interchanger affect only the heat-transmission co
efficient in that part and have no effect on other transmission
coefficients. Properly, each separate transmission coefficient
should be expressed only in terms of the particular variables
which control it. In turn the total transmission coefficient,
U, can be expressed in terms of the separate individual co
efficients, hi, /i2, etc. Thus:

I

Modern M ethod of Investigation
The experimental equipment and procedure were carefully
designed so as to avoid m any of the errors and pitfalls so
frequently encountered in this type of investigation. Part I
described the steps taken to measure accurately the tempera
tures of the fluids and the surfaces. Two other points of
greatest importance were the determination of the heattransmission coefficients of the separate films and the de
termination of point-by-point values of the coefficients along
the tube.
It was at one time common practice to determine only the
total transmission coefficient of a heat interchanger and to
express this coefficient in terms (}f the operating variables in
both parts of the interchanger. This procedure is usually
undesirable, inasmuch as the variable conditions in one part

In this investigation a special effort was made to obtain the
coefficients of each separate film. In the case of the condensing-vapor and gas film the resistances of the saturated gas and
the condensate were determined separately. Perhaps this is
the first time this particular separation has been made ex
perimentally.
Another serious mistake often made has been to calculate
the heat-transmission coefficients from the terminal conditions
of the heat interchanger. In the case of gas condensers this
procedure is particularly objectionable. To determine the
exact effect of variation in film properties it is necessary to
measure the coefficients over small successive increments of
condenser length and measure the corresponding properties of
the films at those same positions of area. B y so doing a
correct correlation can be obtained between coefficients and
film properties. Also by this process the effect of entrance
turbulence upon these coefficients can be determined. In this
investigation measurements of heat-transmission coefficients
were made step by step for successive 6-inch lengths of con
denser pipe and related directly to the exact corresponding
variables at each position.
Another advantage of measuring transmission coefficients
at successive intervals is that no assumption is made as to
mean temperature drops. A common procedure in heattransmission experiments is to calculate the mean temperature
drop across any film or across all resistances in series for the
entire interchanger by taking some mean value calculated
from temperatures existing at the terminals of the apparatus.
Many experimental data have been based upon improperly
calculated mean temperature differences. For example, in
calculating the mean temperature drop across the gas film
from the terminal temperatures of such an interchanger, the
logarithmic mean would be seriously in error, since it assumes
constant quantity of gas flowing through the apparatus, con
stant heat capacity of gas, and constant values of heattransmission coefficient for the entire length of condenser.
Similarly, the Haug and Mason method (3) of calculating
the mean temperature difference in a gas condenser is in error
in that it assumes a constant value of heat-transmission co.efficient throughout the entire length of the condenser, though
it does take into account the gradually diminishing heat
capacity of the gas stream. Actually, heat-transmission co
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efficients of the gas film
decrease very rapidly
as condensation pro
ceeds, because of de
creased mass velocity
and increasing resist
ance of the non-cond e n s a b le gas. The
surprising fact was ob
served in experimental
data (Figure 1) that
the actual temperature
difference a c r o ss th e
gas film was often much
larger at the middle of
the condenser than at
either terminal.
In the condensation
of vapors from vaporgas mixtures the princi
pal mechanism to be
considered is the trans
fer of the vapor mole
cules from the main gas
stream to the condens
in g su r fa c e .
T h is
tr a n sfe r takes place
both by diffusion and
by convection. T h e
transfer of heat is a
concomitant event dependent upon condensation and is not
a process of simple heat conduction across the gas film.
Also in problems of this nature one is interested chiefly in
the transfer of vapor rather than the transmission of heat.
Accordingly, it seemed to the writers that emphasis should
be placed in determining the mass-transmission coefficient,
which represents the weight of steam condensed per unit
time per unit area of condenser surface per unit partial pres
sure difference of vapor across the gas film. For use in sim
plifying design problems, the heat-transmission coefficient of
the gas film was also determined.
Throughout the literature heat- and mass-transmission
coefficients of fluid films have been expressed in terms of the
physical properties of either the main fluid stream or the film.
Frequently no indication has been given as to whether the
terms employed in the proposed equations referred to the
physical properties of the film or the main fluid stream.
Furthermore, various authors have not shown the particular
advantage of the system which they employed. The correct
system has not yet been definitely established. Theoretically
it would seem most proper to employ the physical properties of
the film itself rather than those of the main fluid stream.
The disadvantage of employing physical properties of the
film is that these properties, such as thermal conductivity,
specific heat, density, and fluidity, vary across the film, and
in order to determine the average properties it is necessary to
know the temperatures at the two sides of the film. Even
where these temperatures are known it is often uncertain how
the average properties of the film are to be calculated. On
the other hand, there is a distinct advantage in using the
physical properties of the main fluid stream, since those
properties are more easily determined and known with
greater certainty. Furthermore, the total loss of heat or
mass is always calculated from the properties of the main
stream rather than from those of the film.
Previous Investigations
There is little information available as to either the mech
anism of heat transmission or the numerical values of heat-

transmission coefficients from vapor-saturated gases. The
few investigations which have been made on this complicated
system have been largely for extreme proportions of the two
gases, either for a relatively low percentage of vapor as in the
case of low-temperature dehumidification, or for a relatively
low percentage of non-condensable gases as in the case of
steam condensation.
Despite the important individual effect of the condensate
layer on the rate of heat transmission, the few investigators of
vapor-gas mixtures at high temperatures have considered at
best the combined gas film and condensate resistances. Early
investigators determined the effect of air on the over-all co
efficients from steam to cooling water. Equations derived
from such data would have exact application only for the
given experimental conditions. Orrok {10) found that the
over-all coefficient from steam to cooling water varied with
the square of the volume percentage of steam. Kerr (6)
observed a variation of the over-all coefficient w ith the cube
of the volume percentage of steam . The heat-transmission
coefficient of the combined vapor and condensate films was
calculated by Robinson {12) from Kerr’s data, using an em
pirical equation for the water-film coefficient. The following
equation was derived for this air-steam coefficient:
log /;„ = 1 + 0.025 Y
(2)
where /i„ = B. t. u. per hour per square foot per degree Fahren
heit
Y = volume percentage of steam
The data extended over the range of 60 to 100 per cent steam.
The effect of air in condensing steam has also been discussed
by Nusselt (5), Hoeffer {2), and Josse (5), but with no quanti
tative relations.

Othmer {11) found that the combined coefficient for the gas
film and the condensate layer varied with the reciprocal of the
volume percentage of air in steam up to 6 per cent air. This
effect was included in his empirical equation for
heat-transmission coefficients:
= log A7[1.213 - 0.0024271 +

- i]

x

[log (C + 0.505) - 1.551 - 0.0097)] (3)
where C — percentage of air by volume
hp = B. t. u. per hour per square foot perdegree Fahren
heit
7 = temperature of steam, in degrees Fahrenheit
A7 = temperature drop from steam to metal surface in
degrees Fahrenheit
Since this range was for low concentration of air, the con
densate layer would be an important part of the resistance to
heat flow. It will be shown under the theoretical discussion
that this coefficient also depends upon the position and size of
the pipe; since these variables are not included, the above
equation holds strictly only for the horizontal 3-inch o. d.
pipe used in the experimental investigation. This equation
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also neglects the effect of velocity, which is an important fac
tor in m ost dehumidification problems.
Hence,

Theoretical D iscussion
In analyzing the process of dehumidification in a tubular
condenser, it will be seen that there are two resistances to the
flow of heat from the gas to the condensing surface— one
the viscous gas film adjoining the condensate, and the other
the layer of condensate on the cooling surface. The latter
resistance is important only at high humidities. In the con
densation of vapors free from non-condensable gases the con
densate layer represents the entire resistance on the condens
ing side of the cooling wall. These two resistances are inde
pendently controlled by separate factors and will therefore
be studied separately from both theoretical and experimental
points of view.
H e a t - T r a n s m is s io n

C o e f f ic ie n t s

of

C o n d en sa te

L a y e r —The

rate of heat transmission across a layer of conden
sate will be determined by its thickness and thermal conduc
tivity. The thickness of a layer of liquid in viscous flow on a
vertical pipe will depend upon the quantity of liquid flowing
per unit time and the physical properties as given by the fol
lowing equation:
irc n

(4)

For a horizontal pipe:
0 = 1.28

5p d a1

4

(5)

where d — diameter of pipe
0 = thickness of layer
C = rate of flow of condensate down vertical pipe per
unit length of circumference
a = rate of condensation per unit area of horizontal
pipe
fi =■ viscosity of condensate
P
— density of condensate
g = acceleration of gravity
The corresponding heat-transmission coefficients for the two
cases will then be:
For a vertical pipe:
h
For a horizontal pipe:

where h
k

p‘ g
3 Cm
_______

0 c rit

(6)

k = 0.78 k J
...
(7)
\ 1.5 d a p
= rate of flow of heat per unit area and per unit
temperature difference across the layer
= thermal conductivity

All terms m ust be expressed in consistent units. The values
\ I of C and a can usually be calculated from the rate of heat flow
\j over the particular pipe in use, or at least estimated with
: sufficient accuracy since they enter only as the cube roots.
The other values are found from the properties of the con
densate at the estimated average temperature. These values
being known, the above theoretical equations will permit the
direct calculation of the heat-transmission coefficients of the
condensate layer.
The' above derivations were made assuming viscous flow of
the condensate layer. The validity of this assumption can
be shown. The critical velocity of a fluid flowing over a
vertical plane surface is given approximately by the equation
150p
( 8)
Mcrit
p4>
From this equation and from consideration of viscous flow,
the thickness of the condensate layer at the critical velocity
can be calculated and is given by the equation:
1 D erivation given in forthcoming bulletin of U niversity of Wisconsin.

kCrit

4
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300 Mp2 g

( 9)

\ \l —
300 ju2
30i

( 10)

When the thickness of the condensate layer is thinner than
the critical thickness, viscous flow will result and its heattransmission coefficient will be greater than 700. Since even
in the condensation of 100 per cent steam the experimental
coefficients are higher than 700, except for unusually long
vertical tubes, it follows that the layer thickness m ust be less
than the critical value and hence viscous flow m ust prevail.
If viscous flow of condensate prevails in the condensation of
100 per cent steam, then surely viscous flow m ust prevail for
conditions of condensation in the presence of non-condensing
gases, since for the latter case the rate of condensation is much
less and thinner layers' m ust result. The difference in density
across the layer will tend to produce convection currents, but
these will be negligible in comparison with the rate of flow of
the liquid due to the force of gravity.
\ y N usselt (8, 9) carried Equation 4 a step further for the case
of condensing vapors free from non-condensable gas. In such
a case the value C is dependent on the length of the tube and
the rate of condensation. For the case of a constant-temperature difference from steam to surface over the entire length of
a tube, the mean heat-transmission coefficient over a length L
will be given by the equation:
h = 0.943

mp‘ k1 g
:L

(ID

A similar derivation by the authors for a horizontal tube of
diameter d gave:
h = 0.61

*Imp'1 ks g
Y p d At

( 12)

where m — latent heat
L = length of vertical tube
At = temperature drop across condensate
Nusselt claimed that these equations were supported by
experimental data of English and Donkin (1). The writers
tested Equation 12 with data of Othmer for a horizontal tube
taken under the conditions of uniform surface and steam
temperatures and therefore a constant temperature difference,
and found good agreement, especially for fair-sized tempera
ture drops. For low temperature drops Othmer obtained
slightly higher values than were predicted from N usselt’s
equation, because of the tendency of the condensate to collect
in small streams at low rates of condensation and because of
errors in measuring surface temperatures. Othmer used an
electrodeposited thermocouple which was shown in Part I
to read too high owing to heat conduction along the wires to
the effective junction.
In the present investigation Equation 4 was used to cal
culate the resistance of the condensate layer. For the case of
any specific condensate the values of the coefficients will de
pend on the quantity of condensate and its temperature. A
plot of such a relationship for water is shown by Figure 2.
Transm ission Coefficients of C ondensing Vapor-G as F ilm s
D iffusion — T he condensation of vapor from a saturated
gas is in reality a diffusional process depending upon the rate
of travel of vapor molecules to the condenser surface and the
diffusion of non-condensing gases away from this surface,
rather than a process of heat transmission controlled by a
temperature gradient. In the condensation of steam at high
vapor pressures from saturated gases m ost of the heat trans
ferred comes from the latent heat of condensation. It will
therefore be evident that the rate of heat flow depends pri-
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marily upon the laws of diffusion wherein the vapor-pressure
gradient across the viscous film is the driving force, rather
than upon the laws of cooling wherein heat flow depends upon
a temperature drop. Accordingly, in this investigation it
seemed proper first to determine the mass-transfer coefficients
of water vapor from the laws of diffusion and experimental
data; then from the relationship between the mass- and
heat-transmission coefficients the latter coefficients could be
evaluated.
I n t e g r a t i o n o f D i f f u s i o n E q u a t i o n — The diffusion
coefficient can be defined as the rate of diffusion of vapor
expressed as mass per unit area, unit time, and unit concen
tration gradient. Thus, for the steady rate of flow
D,

where D, =
kd =
pr =
a: =

Spv

(13)
' Sx
rate of diffusion, mass per unit area, and unit time
diffusion coefficient, mass per unit time, unit area,
and unit concentration gradient
density (or concentration) of vapor, mass per unit
volume
distance through which diffusion is taking place

C ondensate
fía cteva r

the vapor though opposite in sign, the gas will also diffuse
according to the same relation:
M a kd SPa
R T Sx

Do = -

(10)

Since
SPp _
SPy
Sx
Sx
-,
M„ kd SPy
R T Sx

(17)
(18)

In the steady state of vapor diffusion the total and partial
pressures of the gas and vapor remain constant at any point.
To maintain this state the mixture of gases m ust flow in the
direction of water-vapor diffusion so as to maintain the rate of
flow of the gas towards the condensing surface equal to rate
of diffusion in the opposite direction.
M„ kd SP,
(19)
R T 5x
where F„ = rate of flow of the gas in mass per unit area
The rate of flow of the vapor will be:

Equation 13 can also be expressed in terms of the partialpressure gradient, since by the gas laws
p.
where M ,
P.
R
T
Thus

=
=
=
=

MvPt
RT

Af „ P „
° M„ P ç
M q k¿ SP, P ,
F ,= —
R T Sx P a
„

(14)

molecular weight of vapor
partial pressure
gas constant
absolute temperature

(21 )

The total vapor transfer is equal to the sum of Equations
15 and 21:
r,

Mv kd SPV
D. = R T S x

(20)

i

i?

M v kd f SP ,

D' + F' - - IT T - V t e

(22 )

(15)

The diffusion coefficient for a vapor into a gas is the same as
the diffusion coefficient for the gas into the vapor (4). Since
the partial pressure gradient of the gas is the same as that of

Rearranging the variables:

where P

R T
H t kd
= total pressure

(2 2 a)
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Since kd varies as T ’I‘,

varies as only T l/t (4), and can

be assumed to be constant over a narrow temperature range

<d-+r>(ktJ

<- "■■>

Jr.
= P In

P ~ Pr,
P -P r.

(23)

Let (x2 — Xi) — 4> = thickness of viscous film across which
diffusion takes place.
n

|

p

_

IP'1 P k d ï

Poi

Let the mass-transmission coefficient, K , be defined as the
mass of vapor transferred per unit area, unit time, and unit
partial pressure difference. Then
Dv + Fv
M„ P kd J _
Pn
K =
AP
R T <j> AP n P n
Afv kd
K =
(24)
R T 0 (log mean P„)
Experim ental Procedure
D e s i g n o f E q u i p m e n t — The design of the experimental
equipment for measuring transmission coefficients was made
to conform as nearly as possible with that of the tubular con
densers used in gas manufacture. This condenser (Figure 3)
consisted of two vertical concentric pipes, 3 and 7 inches,
respectively, with cooling water flowing through the inner
pipe and saturated gas through the annular space. B y
passes with valve arrangements permitted a change in the
direction of flow of either fluid. Sheet-metal baffles were
mounted at top and bottom of the annular space in order to
insure uniform distribution of gas and condensate over the
condensing surface. The length of the condenser was 7 feet.
A second annular space of about 2 inches clearance surrounded
the condenser. A mixture of air and steam similar in tem
perature gradient and composition to that in the main part
of the condenser was passed through this to minimize the loss
of heat from the main gas stream to the air in the room. This
loss would be objectionable because it would change the prop
erties of the air-steam mixture and increase the amount of
condensate.
Air was forced through the condenser by a Roots blower
equipped with a relief value for regulating the supply. The
air was metered by a sharp-edged orifice and saturated with
water vapor by passing in steam. To insure saturation the
mixture was then cooled slightly. To prevent the entrainm ent of moisture the mixture was passed through a perfor
ated baffle separator before entering the condenser. The airsteam mixture for the guard jacket was prepared similarly
to the main supply and was adjusted to the same temperature
gradient as the main gas stream by regulation of the inlet
temperature and rate of flow. Cooling water was supplied
to the condenser from a constant-head tank fed with both
hot and cold water from reservoir tanks, which remained at
nearly constant temperature. The cooling water and con
densate rates were determined by collecting in receivers for
given periods of time and weighing.
Temperatures of the gas, surface, and cooling water at the
successive positions in the condenser were measured with the
multiple-junction thermocouples described in Part I. The
thermocouples were made from copper and constantan wire
of N o. 24 gage. The wires were individually rubber-insulated
to give an outside diameter of V 32 inch. Thermocouple e. m.
f.’s were measured with a type K potentiometer and a sensi
tive galvanometer permitting readings to 0.05° F . The
thermocouples in the gas stream were located at mid-points
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in the annular space with four junctions at each section
equally spaced and connected in parallel to give one reading.
A movable group of six junctions distributed over a horizontal
cross-section area was used to indicate the average water
temperature. Multiple-j unction couples with four junctions
each were used to measure average surface temperatures over
a given horizontal perimeter. These were imbedded in
grooves as described in Part I, in such a way as to minimize
errors due to conduction of heat along the wires. In order to
avoid conduction errors, the couples located in the gas and
water streams were also arranged so that the first 2 inches of
the thermocouple were in an isothermal region. Multiplejunction thermocouples were also located in the guard jacket
and, besides being connected to indicate guard temperatures
directly, were connected differentially with couples directly
opposite in the gas stream, and the differentia] e. m. f. indi
cated directly on a wall galvanometer. This arrangement
simplified the accurate control of the guard temperature. All
thermocouple junctions in fluid streams were covered with
cotton gauze to minimize temperature fluctuations.
P r o c e d u r e — In making a test at any chosen condition,
sufficient time was allowed for the temperatures throughout
the condenser to reach equilibrium before readings were taken.
The time required for this “tuning up” period was obtained
by taking successive readings over a long time interval under
constant operating conditions; it was usually about 3 hours.
The temperatures of incoming and outgoing water were
measured before and after each set of readings to assure that
constant conditions had prevailed during testing. Usually
two sets of temperature readings and water weights were
sufficient for a test, although uncontrollable variations often
required more. Temperatures were taken of the gas stream
at successive distances of 1 foot along the tube, of the surface
at 1-foot intervals, and of the cooling water at 6-inch intervals.
To determine the effects of all possible factors influencing
the heat-transmission coefficients of the gas and water films,
tests were conducted under the following variable conditions
of operation:
(1) Saturated air flowing downward at seven different
velocities of dry air (0.01 to 0.35 pound per square foot per
second) and with temperatures covering the entire range possible
with this equipment (100-210° F.).
(2) Saturated air flowing upwards at different velocities and
temperatures.
(3) Water flowing upward with variable velocities (0.6 to
11 pound per square foot per second) and temperatures (60180° F.).
(4) Water flowing downward at various velocities and tem
peratures.
(5) Saturated city gas flowing downward at various veloci
ties and temperatures.
(6) The flow of nearly pure steam.
(7) Air-saturated and air-free cooling water.
(8) The rate of flow of the cooling water was adjusted to
give a value of temperature rise which would be of maximum
accuracy in calculating heat exchanged. The inlet tempera
ture of the water was varied widely for some tests so as to change
the physical properties of the fluids and the temperature and
vapor pressure drops across the viscous resisting films.
(9) City gas was used in order to obtain data which might
be useful in the design and operation of gas condensers, as well
as to determine the effect of density upon the transmission co
efficients of a saturated gas.
M e t h o d o f C a l c u l a t i n g R e s u l t s —The observed gas,
surface, and water temperatures were first plotted on the
same graph with the temperatures as ordinates and distance
from the bottom of the condenser as abscissas. (Figure 1)
This plot showed whether or not any points were in error and
permitted the drawing of smooth curves, thereby counter
acting any individual irregularities or errors. Since pointby-point transmission coefficients were to be calculated, the
heat exchanged per unit section was first calculated. A

Vol. 22, No. 5

IN D U S T R IA L A N D EN G IN EE RIN G C H E M IS T R Y

530

length of 6 inches was chosen for unit section, and calculations
were made for six of these having their centers at 1-foot inter
vals along the tube neglecting the first foot at the top and 2
feet at the bottom. The heat exchanged per section was then
calculated by multiplying the rise in temperature of the cool
ing water per section by the pounds of water flowing per hour.
The specific heat of water was taken as unity.
F iq . 4-

E f f e c t of A ir Ve l o c it y

Q = total rate of heat flow, B. t. u. per hour per square
foot
Qt = rate of sensible heat flow, B. t. u. per hour per square
foot
Qr = rate of radiant heat flow, B. t. u. per square foot
per hour
m = latent heat, B. t. u. per pound
c = specific heat of water vapor
At — temperature drop from gas to outer surface of con
densate, degrees Fahrenheit
AP = vapor-pressure drop from gas to condensate, inches
mercury
Heat-transmission coefficients for the vapor-gas film were also
calculated by dividing the heat exchanged per unit area, in
cluding condensation and also sensible heat transfer, by the
temperature difference between the gas and outer surface of
the condensate.
Coefficients for the transmission of sensible heat alone were
calculated from the rate of removal of sensible heat from the
gas flowing over a unit surface area and the temperature drop
across the gas film.

id

20

k.
V® /S.

4 - Fvtio o f to fa/ fr t M v r * to fa r f’t / f r t j j o r t o /

The heat-transmission coefficient and temperature drop
across the condensate layer were found next. The amount of
condensate passing any perimeter was computed roughly by
dividing the total heat exchange above that perimeter (given
by the product of cooling water rate and total temperature
rise above the position) by the latent heat of steam. The
heat-transmission coefficient of the condensate layer was then
found from Equation 6 or Figure 2, estimating the average
condensate temperature from the pipe temperature. The
temperature drop across the condensate was then found from
the rate of heat flow divided by the heat transmission co
efficient. The rate of heat flow was corrected for the cooling
of the condensate over the section.

To determine the amount of heat given up by the condens
ing vapor at each section, the total heat exchanged was cor
rected for the amount given up by the condensate passing the
section, for the decrease in the sensible heat of the uncon
densed gas, and for the amount of heat radiated from the pipe
surrounding the annular space. This last correction was
made possible since the temperature of the surrounding pipe
was known. This pipe was purposely kept at the same tem
perature as the main gas stream by means of the guard jacket
previously described. The radiation of heat directly from
water vapor was negligible. The mass-transmission coeffi
cient was then calculated by the following equation:
Q - Q, - Or
(m + c At) AP
where K = mass-transfer coefficient, pounds per hour per square
foot per inch mercury
IT

Fiq. 6

E ffect of Concentration of Air
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Fiq. 7
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A rough heat balance was made for each run by checking
the amount of condensate flowing over the bottom section of
the condenser calculated from the total heat input into the
cooling water and the latent heat of the condensate, with
the actual rate of condensate flow as determined by collecting
in a receiver for a given period of time and weighing.
As brought out previously, to determine accurately the
effect of the controlling factors on the transmission co
efficients and also to evaluate the entrance effects, the calcu
lations were made separately for the six representative
test sections in the condenser. D ata2 shown in graphs are for
a position near the middle of the condenser.
Experim ental R esults
In correlating the experimental results, the effect of each
variable was studied individually before applying the theo
retical equations. In this w ay the effect of each term was
established and simplified empirical equations were obtained.
The results were studied in two ways—with reference to the
properties, first, of the main fluid stream, and, second, of the
film itself. The variables were studied in the following order:
mass velocity, concentration of non-condensing gases, en
trance effect, transitional velocity, direction of flow, density
of non-condensing gas. The more important of these corre
lations will be shown in the accompanying curves.
5 For other data see forthcom ing bulletin.
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B a s e d u p o n P r o p e r t i e s o f M a i n F l u i d S t r e a m — Effect
of Mass Velocity. The preliminary study of the effect of mass
velocity was made on data representing the experimental
section near the center of the condenser, called position 8,
since the results for this section seemed most reliable. Values
of K were plotted against the ratio of P / P , for each series of
velocity runs (Figure 4) with direction downward. Note that
the velocity series refer to constant mass velocity of dry air
rather than of saturated air. From the resulting curves values
of K were obtained from each constant dry-air velocity for
two given values of P / P , . B y plotting logarithms of the
mass-transfer coefficients against logarithms of the total mass
velocities for the two given values of P / P , (Figure 5), straight
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Transition Velocity. The transitional velocity was found
from the intersection of the two equations for mass-transfer
coefficient:
p
K = 0.5 V°-s -=- F for high velocities
(27)
0
K = 0.08 P / P ,

for low velocities

(28)

The transitional velocity for downward flow in the experi
mental condenser is then:

where F

— 1 + 1.6(10 _<Ur)

Effect of Direction of Flow of Gas. The above equations
were for flow of saturated gas downward in an annular space.
D ata taken for upward flow were analyzed in a similar manner
with the following equations:
K = 0.62 V°-a y
K = 0.107

lines were obtained which had slopes of 0.8 for velocities above
about 0.08 pound per square foot per second and a slope of zero
for velocities below. This plot indicates that the mass-trans
fer coefficient increases with the 0.8 power of total mass veloc
ity above a certain transitional velocity and is independent of
velocity below that value.
Effect of Concentration of Non-Condensing Gas. This effect
was determined by plotting values of 7 i / F ° for velocities
above 0.8 and of K for velocities below 0.0S, against values of
P / P , (Figures 6 and 7). In both velocity ranges the masstransfer coefficient was found to vary directly with the ratio
P / P „ and therefore inversely with the concentration of non
condensing gas.
Entrance Effect. In the experimental and in other tubular
gas condensers the gas is especially turbulent near the en
trance to the condensing space or near baffles, so that the
rate of condensation will be considerably greater at these
positions. Although the gas was baffled so as to enter the
annular space of the experimental condenser uniformly
around the circumference, the flow was considerably dis
turbed, as shown by the higher coefficients near the entrance
in the case of turbulent flow. The exact entrance effect for
this apparatus was found by plotting values of K / V °-8 against
P / P „ for each successive length of condenser (Figure 8) and
obtaining equations of the form, K /V ° -s = sP/P„. It was
found that the entrance effect smoothed off after about 4 feet
of length and s approached a constant value of 0.5. By
plotting values of log (s —0.5) against r, where r is the ratio of
length of condenser space traversed to the equivalent ffiameter, a straight line was obtained (Figure 9), from which
was derived the following equation:
s = 0.5 [1 + 1.6 (10 -°-lr)]

(26)

This equation seems to satisfy the conditions of the entrance
effect at all conditions, indicating s to have a maximum value
of 1.3 where r = 0, and approaches a constant of 0.5 at values
of r somewhat above 10.
A t velocities below the transitional point, the ^entrance
effect was observed to include only the highest position in the
condenser. Because of the very small distance affected, the
entrance effect has been neglected for these low velocities.

[1 + 1.6(10—0-12r) ]

P /P , '

(29)
(30)

Apparently greater coefficients result from upward than from
downward flow. Possibly this effect is related to the increas
ing density of the gas with deliumidification and cooling, so
that in upward flow this change tends to produce convection
currents opposed to the main stream, thereby slightly in
creasing the turbulence. The effect of moving counter
current to the direction o f 'condensate flow is not of much
importance, since the velocity of the outer surface of the
condensate is very low in comparison with the gas velocity.

Effect of Density of Non-Condensing Gas. In the theoretical
discussion it was shown that mass-transfer coefficients should
be proportional to the diffusion coefficient of the vapor and
gas. This factor is inversely proportional to about the square
root of the molecular weight (or density) of each component.
The effect of change in density of the non-condensing gas
was experimentally determined by substituting city gas
(mol. wt. 18.8) for air (mol. wt. 29). D ata similar to the
preceding were taken and analyzed in the same way with the
following equations for velocities above and below the
transitional value, respectively (for downward flow).
K = 0.63 F 0-8 y

[1 + 1.6(10-Mr)]

K = 0.085 P / P ,

(31)
(32)

Comparison of the equation for high velocities with the similar
one for air as the non-condensing gas shows that the density
effect is as predicted, since the ratio of 0.63 to 0.5 is nearly
equal to the ratio of the square roots of the molecular weights
of air and gas. Equations 29 and 32 can accordingly be
modified to hold for any gas by substituing a / V M , for the
numerical coefficient, where M , is the molecular weight of the
gas. From Equation 29, a = 0.5 a / 29 = 2.7, and from Equa
tion 31, a = 0.63 a / 18.8 = 2.7.

Hence
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yo.8
k = 2.7
i f °-6 P.

(32a)

The difference in viscosity between the air-vapor and the
gas-vapor mixtures would also be expected to have an effect,
but this difference is not large and cannot b‘e known accu
rately untü data are available on the viscosity of such mixtures.
Heat-Transmission Coefficients of Gas Film. As previously
pointed out, it seemed more reasonable to interpret data on
rate of water condensation in terms of mass coefficients, be
cause the determining factor in producing condensation was a
difference in partial pressure of water vapor across the gas
films rather than a temperature difference. However, for the
sake of design in problems of heat transmission it is quite
necessary to calculate the heat-transmission coefficient of
the gas film as well in order to calculate total over-all heattransmission coefficients, which include the combined co
efficients of all thermal resistors in series—namely, gas film,
condensate layer, metal pipe, and water film. B y use of the

Clausius-Clapeyron equation it was possible to obtain a re
lationship between K and h sufficiently close to establish the
proper variables against which to plot h. This relationship
indicated that h was proportional to K X P<, where Pv is the
partial pressure of vapor in the gas film (properly the mean
value of the film). Since K was found to be proportional to
P / P , for any velocity, and since the total pressure, P, was
nearly constant in all tests, h/V°'s was plotted against P ./P r.
(Figure 10) To develop equations easy to use, h/V°-s was
also plotted against values of P x/P , at the conditions of the
main gas stream. (Figure 11) From the heat-transmission
coefficient plots and the effects of density of gas and entrance
conditions which would not be different from values found
for the mass-transmission coefficients, the following general
equations resulted (for downward flow):

mass- and heat-traDsmission coefficients at high vapor con
centrations. These equations are for downward flow:
For velocities above Vt, where Vt =
K = 2.7
h = 82.5

yo.8

0.1 5»•'
P 1 .2 5
1*5

u . « m -

F

yo.s p p tf p
M .0-5 P,Oj

(35)
(36)

For velocities below V,

ô

K = 0.058 AP°-26 %1 0/

(37)

h = 0.96 AÍ«-26

(38)

r 0f
— density of non-condensing gas relative to air

The numerical coefficients are slightly higher for upward flow
as shown in the previous equations expressed in terms of the
partial pressures of the main gas stream.
Transmission Coefficients of Sensible Heat. As the gas
stream passes along the condenser tube, it drops in tempera
ture, indicating that, besides the removal of vapor and its
latent heat from the mixture, there is also a transfer of sensible
heat. The exact amount of heat transferred by conduction
through the gas film is not known accurately, since, besides
the heat removed from the non-condensed gases calculated
from the quantity flowing, specific heat, and temperature
decrease, there is some heat flowing through the film by con
duction from the vapor particles which later condense. This
last amount did not admit of experimental determination,
but the former quantity of sensible heat removed was calcu
lated and the rate expressed in tenns of sensible heat trans
mission coefficients. It was pointed out by Lewis (7) that the
rate of water condensation could be calculated from the data '
on sensible-heat transmission coefficients by the simple rela-

For velocities above Vt:
48 V -8 P P , F
AT,"-6 P ,

h

(33)

For velocities below V,:
h = 1.03 P

Pv

(34)

B ased upon P roperties of F ilm — The entire experi
mental data were recorrelated using values of P , and P ,
corresponding to mean film conditions. Logarithmic mean
values of film properties were used wherever difference in
magnitude between the partial pressures in the gas stream and
the adjoining condensate existed. Graphs similar to those
for main stream conditions were drawn, and gave in general
about the same correlation. In the case of heat-transmission
coefficients better correlation was obtained when coefficients
were plotted against the partial pressures of the film rather
than of the main fluid stream. This is as would be expected
from the theoretical formula showing the relationship be
tween mass- and heat-transmission coefficients.
The resulting equations are of chief value in calculating

tion h ,/K — 47 s, where s is’the humid heat of the gas stream
(heat capacity of 1 pound of dry air plus the moisture it con
tains) and h, is the transmission coefficient of sensible heat.
Because of the indefinite amount of sensible heat transferred
from vapor which later condensed, the calculated values of h,
in the present investigation showed no correlation with
values of K .
Comparison with Results of Other Investigations. The only
investigation where sufficient experimental data were avail
able to permit calculation of transmission coefficients of the
condensing gas film and condensate layer separately was that
of Othmer (11). His complicated equation, mentioned
previously, could not be compared directly with the present
results, although one curve showed the heat-transmission
coefficients of the combined gas and condensate films to vary
inversely with the partial pressure of the non-condensing gas.
The writers recalculated Othmer’s data, using Equation 7 to
determine the condensate resistance, and found values for
mass- and heat-transmission coefficients for various air con
centrations. Since the air concentration was low in all cases
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(maximum, 11 per cent), it was necessary to use the logarith
mic mean film partial pressures to give the best correlation.
Because of the relatively large size of Othmer’s horizontal
pipe (3 inches o. d.), it was hoped to correlate his data with the
low velocity data of the writers for a vertical pipe.

0.1 <50-6
^?1.25

Vt
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transitional velocity

F = 1 + 1.6 (10~°-lr) = entrance factor
y ° .a p

K = 2.7

Fiq 12

y o .8 p

h = 48

E f f e c t o f Co n c e n t r a t i o n o f A i r

ONM
ASSTRANSFERCOEFFICIENTS

p

lío “'5 P„
p v F

M,™ P .

R e c a l c u la t e d Fro m D a ła o f O łhm cr
/f « 0 8 £

Case 2—For velocities below Vt
k = 0.08 £

■L a

(Pr*f*rf,€) *fmttn¡ti Sfrttm)

The above equations are for the vapor-gas film, downward
flow, where pressures refer to main stream conditions. Where
the gas mixture flows upward the above coefficients should be
increased 25 per cent.
Vt

transitional velocity, pounds per square foot per second
density of gas relative to air
F
entrance factor
K
mass-transfer coefficient in pounds per hour per square
foot per inch mercury difference in partial pressure of
water vapor across gas film
h
= heat transfer coefficient, B. t. u. per hour per square
foot per degree Fahrenheit drop across film
V
mass velocity, pounds per square foot per second
P
total pressure, inches of mercury
partial pressure of non-condensing gas, inches mercury
P.
partial pressure of condensing vapor, inches mercury
Pv
M0
molecular weight of non-condensing gas
r
~ ratio of length of tube to equivalent outside diameter

Fig. 13
H e a t T r a n s m is s io n C o e f f ic ie n t s

s

C a lc u la te d from data o f Othmer

h'-26

9)

Properties of film

Correlation of Othmer’s data is shown by Figures 12 and 13,
on which the experimental points are Othmer’s and the curves
are drawn to fit equations of the writers. The excellent agree
m ent indicates that the simple equations for low velocities
will hold over an enormous range, practically from very low
vapor pressures to almost 100 per cent steam.
Sum m ary of Equations
I— C

on d en sa te

III— V a p o r - G a s F i l m (theoretical equations, consist
ent units)—Theoretical equations were developed for the
mass-transfer coefficients of condensing vapor-gas films to
apply to mixtures of any vapor with any non-condensing gas.
These equations are also in agreement with experimental
results. Since these equations are quite complex, the above
empirical equations are preferred for actual use.1
Case 1—For velocities above Vt

L a y e r (c o n s is te n t u n its )

For vertical pipes:
h

(6)

= 0.943

-

\ Ip LAt

K =

»■“ Á te

Vt

(5)

/

For vertical pipes:
h = k ^

p2g
3 Cm

For horizontal pipes:
h = 0.78 k * —r 2g
\ 1.5 dap

Equations under Case 1 also apply to Case 2.
h
m
p
k
m
At
d
L
C
g
a

1)/

— heat-transmission coefficient
= latent heat of condensing vapor
= density of condensate
= thermal conductivity of condensate
= viscosity of condensate
— temperature drop across condensate
= diameter of pipe
= length of pipe
= rate of flow of condensate per unit length of perimeter
= 'acceleration due to gravity
= rate of condensation per unit area

II — V a p o e - G a s F i l m ( e m p ir ic a l e q u a ti o n s )
Case 1— For velocities above Vt, where

o.i a t. r p‘gn ( a l + A ^ £ ) ] V .
P tfM ^ l T

T ra n s itio n a l v e lo c ity

Case 2—Vapor-gas mixtures
(a)

1

Case 2—For velocities below Vt

For horizontal pipes
h

/ / 2 VM ,f
P,fM„ \1 +

K

Case 1—Vapor with no non-condensable gases
(a)

h = 1.03 P Pv

V,
p
V

p

Pa
kd
R
T
Mv
Mm
m
AM
AP
M
At

-

14 [ t (

friction factor
transitional velocity
density of gas-vapor mixture
mass velocity of gas-vapor mixture
total pressure of gas-vapor mixture
partial pressure of vapor in mixture
diffusion coefficient of vapor
gas constant
absolute temperature
molecular weight of vapor
mean molecular weight of vapor-gas mixture
latent heat of condensing vapor
difference in molecular weight between vapor and gas
partial pressure drop across gas film
JL
pki
viscosity of vapor-gas film
temperature drop across film
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I l l —Flow of Fluids at Low V elocities
If heat is added to a fluid flowing at a rate below th e
critical velocity, the original viscous flow' of the fluid is
entirely altered by convection currents induced by den
sity differences produced in the fluid stream. For flow
of the fluid in a vertical direction at low velocities heattransm ission coefficients are not affected by the velocity
of the fluid stream but are greatly affected by temperature
drop and by the viscosity, density, and coefficient of ex
pansion of the fluid. This type of fluid flow is designated
as “ therm al turbulent” flow to distinguish it from ordi
nary viscous flow and from turbulence due to high ve
locities.
The heat-transm ission coefficient of water flowing ver-

REVIOUS investigations of the rate of heat flow be
tween a solid and a fluid flowing by forced convection
have been made almost entirely for fluid velocities
well in the turbulent range. For rates of flow near and
below the critical velocity (calculated for isothermal condi
tions) very few data and no satisfactory conclusions have been
reported. A common assumption of maDy experimenters has
been that the mechanism of the transmission of heat to fluids
in viscous motion is one of simple heat conduction. With
this assumption the calculated coefficients are very low.
Others have suggested the use of natural convection equations
which give values higher than those calculated from the
turbulent flow formulas. The present investigation was
undertaken because of the unsatisfactory state of knowledge
of heat transmission at low rates of liquid flow. This in
cludes an experimental study of the factors controlling the
values of the heat-transmission coefficients between a vertical
pipe and water flowing inside at low velocities. The use of a
vertical pipe gives the simplest case, since the natural con
vection currents are parallel to the direction of forced flow.
Theoretical equations for the heat-transmission coefficients
and the transitional velocity are also shown to be in excellent
agreement with these experimental data. The case of hori
zontal pipes is more complicated, and unfortunately neither
an adequate theory nor accurate experimental results are
available for this condition, although qualitative agreement
will be shown between the data of one investigator and general
predictions based on dimensional analysis.

P

Previous Investigations
Only one investigation has been reported in which an at
tempt was made to determine the controlling factors for heat
transmission to fluids at low velocities. This was a study by
Dittus (I) on “Heat Transfer from Tubes to Liquids in Vis
cous Motion” for water and several oils flowing through
horizontal pipes varying from 0.28 to 1.81 inches i. d., at
velocities below the calculated critical value. D ittus re
ported the following equation, which he claimed represented
his data quite well:

*-»
( w >* ( ^ r <■)■
= heat transmission coefficient, in B. t. u. per hour

where h

per square foot per degree Fahrenheit
= thermal conductivity, in B. t. u. per hour per
square foot per degree Fahrenheit
At = temperature drop, in degrees Fahrenheit

k

tically a t velocities less th an 0.1 foot per second is given
by the em pirical equations:
li-ji = 0.37 // \Z~KT for upward flow
kw = 0.44 1/ $ A/ for downward flow

and

Dissolved air has no appreciable effect upon this tran s
m ission coefficient in vertical pipes even when released by
heat.
For fluids in general, flowing vertically at low velocities,
the m ore fundam ental equation has been developed:

*- ••«** (-V T
D
s
cp
u
fi/s

=
=
=
=
=

inside tube diameter, in inches
specific gravity of liquid
specific heat at constant pressure
linear velocity, in feet per second
kinematic viscosity, in square centimeters per
second

The apparent agreement between D ittu s’ data and his
reported equation, however, resulted from a false method of
plotting. Closer analysis indicates very poor correlation
with but little support for this formula. D ittus plotted values
of (h/u s c) (ji/u s D )1/ 12 against values of (k A t/D u 3s) on loglog coordinate paper. The variables included in this plot
covered an experimental range of 800 to 1 for velocity, 6 to 1
for pipe diameter, and less than 3 to 1 for the other terms.
It is obvious that in such a graph the effect of velocity has
masked the effect of the other variables. Since velocity ap
pears as the first power in the ordinates and as the cube in the
abscissas (w’hich varies from 512,000,000 to 1 in comparison
with the maximum variation of the other variables of less
than 6 to 1), naturally a straight-line plot of experimental
data with a slope of Vs will result on the log-log paper. Such
a plot proves that the cube root of the velocity cubed is equal
to the velocity, but does not show any correlation of variables.
The writers replotted D ittu s’ experimental data leaving out
the velocity term from both the ordinates and the abscissas
(these terms canceled out for the reported equation) and
found very little correlation between the data and the reported
equation. D ittus derived the dimensionless moduli which he
used in plotting by a loose form of dimensional analysis.
Such an analysis which is not based on fundamental equations
has no support except when it shows agreement with data;
when this agreement is lacking the equation loses its signifi
cance.
In two investigations of heat transmission to fluids in
turbulent flow, a qualitative effect at low velocities was
shown. Nusselt (7) plotted results on gases in horizontal
tubes with values of heat-transmission coefficients as ordi
nates and a function of mass velocity as abscissas, and found
that at low velocities the slopes of the curves decreased
markedly, becoming nearly independent of velocity. The
points of departure from the turbulent lines occurred at
higher mass velocities for higher gas pressures, thereby differ
ing from the calculated critical mass velocity, which should
be constant for any given diameter and viscosity. Walker,
Lewis, and McAdams {14) reported values of heat-trans
mission coefficients considerably higher than were predicted
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from their turbulent-flow equation for oils having low values,
of the Reynold’s modulus, dpu/p
where d
p
u
n

—
=
=
—

diameter
density
linear velocity
viscosity

They found that an increase in the temperature drop caused
an increased value of the heat-transmission coefficient due to
induced thermal convection.
Because of the similarity of this case with that of natural
convection, a brief review of the experimental results in this
field will be of value. Apparently the first investigators of
the rate of heat flow by natural convection were Dulong and
Petit (2), who tested the cooling of a thermometer bulb in a
concentric hollow bulb, and found that the rate of heat trans
mission varied with the 1.223 power of the temperature drop

535

Griffiths and Davis (4) have conducted the m ost complete
and satisfactory experiments on the cooling of vertical sur
faces by natural convection. These investigators determined
the heat-transmission coefficients from vertical plane surfaces
of various sizes and from vertical cylinders of varied lengths.
They found a considerable end effect on the lower part of the
hot surface, where the coefficients were much greater than
over the rest of the surface. With increasing distance from
the bottom the values decreased rapidly to a minimum value
and then increased slightly to a constant value for the rest of
the surface. Rice (18) has given an equation of the Nusselt
type for these results neglecting the end effect:
n „ 0.115 5

( ^

f f

(4)

where the reciprocal of the absolute temperature is used to
replace the coefficient of expansion since such a substitution
can be made for gases. A t the lower part of the surface the
effect of temperature drop seemed to be as the 1/ i power,
indicating that for short lengths the equation for natural con
vection would be similar to the above but have an exponent of
V< in place of 1/ 1. The exponent of 1/ i was found by Dulong
and Petit, Pcclet, Rice, and m any others, including Nusselt,
for the case of small horizontal cylinders, and so would seem
to be of application for heat transmission to fluids at low rates
of flow inside horizontal tubes.
Nusselt’s equation for this case (9), based on data for gases
of Griffiths and Jakeman (5) and Eberle (8) but predicted to
hold for all fluids, is:
,, . 0.502 A

( ^ ) °

”

(ilA M i-)0“

(5,

Rice (12) derived the following equation from data of many
investigators for gases and liquids:
and about the 0.5 power of the pressure of the gas. Pcclet
(11) carried out very careful experiments on the rate of heat
dissipation from bodies of various shapes and found that the
rate varied with the 1.23 power of temperature drop and with
a shape factor. Oberbeck (10) first related the Stokes equa
tion of flow with the differential equation of heat conduction,
but he did not reach a practical solution. Lorenz (6) inte
grated these equations for the special case of a vertical wall
by use of several rough assumptions and arrived at the
equation:
;i = 0.548
where H
T
cp
g
k
p
At
P

*-

t

(W

( jL ^

m

T

!i <•>

(2)

— height of the vertical wall
= absolute temperature
= heat capacity at constant pressure
= acceleration due to gravity
= thermal conductivity
= density
= temperature drop
= viscosity

All terms are expressed in consistent units. Nusselt (8)
applied an advanced form of dimensional analysis, which he
called “consideration of similarity,” to the fundamental
differential equations of fluid flow and heat conduction, and
derived for the case of natural convection the following
formula:
h =

(■' - ' f f i A t y

(3)

where a, m, and n are to be determined by experiment, and in
case of vertical walls the height of the wall is substituted for d.
P is the coefficient of expansion. N ote that this is a dimensionally homogeneous equation, so that any consistent
system of units m ay be used with it employing the same values
of the constants a, vi, and n.

Theoretical D iscussion
For the case of a vertical plane surface theoretical equa
tions have been derived by Lorenz and N usselt. Lorenz’
equation, derived with several inaccurate assumptions as to
velocity and temperature distribution in the fluid near the
surface, does not agree with the data of Griffiths and D avis
for long surfaces, since it includes a height factor and since
the exponent is y 4 instead of Vs. N usselt’s equation is not
rigorous and does not predict what value the exponent should
have.
A new conception in the mechanism of heat transmission
by natural convection has been introduced by one of the
writers (article in preparation) in deriving the following theo
retical equation for the case of a vertical surface:
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h = 0.104 *

(7)

where the variables are expressed in consisteDt units. This
conception assumes that there is a boundary .layer next to
the surface, flowing upward when the liquid is being heated,
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For the case of horizontal pipes the problem is-much more
complicated, since the film thickness is no longer definite.
Furthermore, the “thermal flow” in horizontal pipes is di
rected at right angles to the main fluid flow, so that there will
probably not be two definite ranges covered by independent
equations, as with vertical pipes. It will be expected that
there will be a wide intermediate range where the two velocity
effects will simultaneously affect the rate of heat flow. Fur
thermore, the heat-transmission coefficients at even very low
velocities might not be independent of the forced-flow veloc
ity. Since no theoretical solution has been made for this case,
preliminary correlation might be made by use of the general'
Nusselt equation for natural convection.
Experim ental Procedure

t • T t m p e r a tu re

e f W a t i r ~Deg. F

due to a density difference between the fluid in the layer and
that in the main body, and that this flow follows the laws of
viscous motion having a velocity of zero at the surface and in
creasing with the distance from the surface out to a certain
critical thickness. Beyond this critical thickness the flow
will be turbulent. The relationship between critical thickness
and velocity is found from viscous- and turbulent-flow equa
tions for a plane surface. The flow of heat from a solid sur
face to a fluid is by simple conduction across this viscous
layer, after which the heat is distributed by turbulent mixing
in the main body of the fluid. Because of the relatively great
rate of heat flow by turbulent convection, all the resistance to
heat flow, and hence the entire temperature drop, is assumed
to reside in the viscous film. The amount of heat picked up
by the film itself is small compared with the amount flowing
across because of the very small thickness of the film.
The end effects found by Griffiths and Davis can be
explained by the fact that the very high temperature
gradient just at the bottom of the surface will cause high
coefficients there. As the film becomes heated it begins
to flow upward and the temperature gradient decreases.
The viscous layer becomes thicker and extends beyond
the critical thickness in a metastable state before it
breaks into turbulence at its outer boundary. This ab
normal thickness of the viscous film causes the minimum
value of heat-transmission coefficient just before the con
stant value is reached.
In applying this new conception to the case of fluid flow
in a vertical pipe at low velocities, it is suggested that as
long as the velocity of the fluid by forced flow is less than the
value at the critical film boundary, the equation for natural
convection will hold and the heat-transmission coefficients will
be independent of the forced-flow velocity. When the forcedflow velocity is greater than the value that would be obtained
for natural convection at the film boundary, the thickness of
the film will be dependent entirely on the turbulent-flow equa
tion, and the heat-transmission coefficients will be independent
of any of the factors controlling natural convection alone, such
as temperature drop. The value for this boundary velocity
in terms of the fluid properties and temperature drop is:
V ,= 15 (/3 pJ g At fi)H

(8)

where Vt is the transitional mass velocity and all terms are in
consistent units. It is suggested that the type of flow caused
by temperature gradient be called “thermal flow” to dis
tinguish it from forced turbulent flow and also from purely
viscous flow (which apparently cannot exist in cases of heat
transmission), and that the value of the boundary velocity be
called “transitional velocity” to distinguish it from the
“critical velocity,” the term used to designate the change
from turbulent to viscous flow under isothermal conditions.

A general description of the experimental equipment and
procedure used in this investigation is given in Part II. The
rate of heat flow was determined from an air-steam mixture
flowing through an annular space 7 feet long surrounding a
vertical 3-inch i. d. pipe to cooling water passing through the
pipe at low velocities. The rate of flow of the water was de
termined by direct weighing, and'was maintained constant by
use of a constant-head tank. Temperatures of the pipe sur
face and water were measured at distance intervals along the
pipe (Figure 1, Part II). Multiple-j unction thermocouples
described in Part I were used to determine the average tem 
peratures of the pipe and of the liquid at various cross sections.
The rate of heat flow across any 6-inch section was calculated
from the increase in temperature of the water in flowing
through the section and the rate of flow of the water. Heattransmission coefficients were calculated for six typical posi
tions in the condenser. Since the individual values were
apparently not affected by an entrance effect when the first

foot of tube was not included, the six values were averaged for
each run to give better agreement, and were correlated with an
average of the corresponding liquid temperatures and of the
cube roots of the corresponding values of temperature drops
across the liquid film. B y preliminary correlation these fac
tors had been found to be the controlling variables.
The liquid temperature at each position was measured by
two three-j unction couples located so as to determine an
average value for a given cross section. These couples were
located on a movable support so that the same two couples
could be used at all positions. The outer couples in the sec
tion were distributed V< inch from the pipe surface, so the film
temperature was not included in the average. Thus the
entrance effect could not be determined from the heat-input
measurements. In fact, for cases of quite low velocities of
water flow, no heat input into the main body of cooling water
was indicated for distances of from 6 inches to 2 feet above the
entrance of the water to the heat exchanger (a typical example
is shown in Figure 1, Part II). Measurements of the de
creasing temperature along the gas-vapor stream and main
tenance of usual values of temperature drops across the gas
and coob'ng-water films indicated that the rate of heat flow
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into this abnormal region was of the same order of magnitude
as into the adjoining sections. This is the condition previously described—namely, storage of heat in the boundary
film at the bottom of a vertical hot surface. It was noticed,
in taking experimental data, that at the position where the
main body of water first showed a definite temperature in
crease the thermocouples fluctuated considerably and the
increase was abnormally large in this section.
To measure the relative-velocity profile at any cross section
of the liquid, a velocity thermocouple was used. This con
sisted of a fine copper-constantan thermocouple having the
junction coated with shellac and having a short heating coil

(m ‘)
Fig. S
HEAT TRANSMISSION COEFFICIENTS
OF WATER FILM
h . O H S Hr S ,* /)/* a i "
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of fine constantan wire slipped over the junction. The junc
tion was fastened to a swivel which permitted it to be swung
to any position in the cross section. The temperature of
the liquid at a certain point could be read, and then a small
current passed through the surrounding coil would cause an
increase in temperature. The magnitude of this increase was
a function of the velocity of the liquid at that point. Since
accurate thermocouple e. m. f. readings could be made by
use of a type K potentiometer, only a small temperature in
crease was used, so that difficulty caused by induced convec
tion currents was a minimum. This instrument showed that
at low velocities of water flowing in an upward direction the
velocity near the pipe surface was greater than in the main
fluid stream. This is further proof that viscous flow does not
exist in a fluid stream which is being heated or cooled.
Experiments with glass apparatus
showed that at high surface tempera
tures gas bubbles were continuously
released on the surface. To test the
effect of released air bubbles on the
rate of heat flow, separate tests were
m a d e w ith t h e cooling water de
a e r a te d b y s p r a y in g th r o u g h a
vacuum and also completely aerated
by spraying through air. The range
of other variables investigated were
as follows: (a) water velocity from
0.5 to 11 pounds per square foot per
second (note that the is o th e r m a l
critical velocity for these conditions
is about 4 pounds per square foot per second); (b ) tempera
ture from 40° to 180° F., (c) temperature drop across water
film from 7° to 70° F.; and finally (d) tests were made with
water flowing in both upward and downward directions.
The results of these tests were plotted against the properties
of the main fluid stream and of the film itself.
D ittu s’ data were replotted according to the general Nussclt
equation for convection to see if an approximate equation
could be obtained for horizontal pipes.
R esults
A preliminary plot of lieat-transmission coefficients against
water temperature showed that approximately straight lines
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could be drawn through points of the same temperature drop.
Values of heat-transmission coefficients divided by tempera
ture were plotted logarithmically against temperature drop.
This plot indicated that the coefficients varied with the cube
root of the temperature drop. To show the degree of agree
m ent of the data, the heat-transmission coefficients divided
by the cube roots of their respective temperature drops were
plotted against water temperatures and also against the film
temperatures (Figures 1 and 2) with the following resulting
empirical equations, for upward flow:
hw — 0.42 A tS t'iu
(9)
liw = 0.37 At** tj
(10)
where hw = B. t. u. per hour per square foot per degree
Fahrenheit, Af and ( = ° F , For downward flow the
average numerical constants of the equations were cal
culated from experimental data, giving the following
equations:
hw = 0.49 A tX tw
(11)
hw = 0.44 A l* tf
(12)
Velocity was found to have no effect on the heat-trans
mission coefficients over the range investigated, which in
cluded values up to two and one-half times the critical
velocity as calculated for isothermal flow. This checked
Too the results of the dehumidification experiments reported
in Part II, in which velocity was found to have no
effect below the transitional value. The magnitude of
the transitional velocity was apparently not reached in the
water-film experiments. According to Equation 6 the transi
tional velocity is a function of physical properties varying with
the temperature and of temperature drop. For water hav
ing an average temperature of 110° F. and an average tem
perature drop of 30° F., this velocity will be about 11 pounds
per square foot per second.
To determine the extent of correlation of the data with the
theoretical Equation 5 derived for the case of a vertical sur
face, the thermal properties of water were first collected and
plotted in convenient form. In securing values of the co
efficient of expansion of water, use was made of the relation:

7 TF

(13)

where /3 is the coefficient of expansion, p the density, and T

the absolute temperature.
written:
Ô lile p

ß

=

-

5 T

This equation may also be
5 lne s
5í

(14)

where s is the specific gravity of the liquid and t is temperature
in ° F. From data given in the Smithsonian tables, lne s was
plotted against temperature, and the value of the coefficient of
expansion at any temperature was found from the slope of the
resulting curve at that temperature. These values for the
coefficient of expansion were replotted against temperature.
(Figure 3) Since the properties of viscosity, density, ther
mal conductivity, and coefficient of expansion of a given liquid
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depend only on temperature, the moduli containing these
terms will be functions of temperature. Two such moduli,
also used in the theoretical equations, were accordingly
plotted. These moduli are:
A -

( - £ i^ - L) a n d 5 = £r

Values of h/k B m were plotted against values of (A Af)
using values of m = Va and m = ‘A- (Figures 4 and 5) The
values o( k, A, and B were taken at the arithmetic mean
temperature of the film. The resulting equations are:

f ilm , t e n d i n g t o c a u s e g r e a t e r f ilm v e l o c i ti e s a n d t h e r e f o r e a
s m a lle r v is c o u s f ilm t h i c k n e s s .
N o q u a n t i t a t i v e d e t e r m i n a t i o n s W 'ere m a d e o f t h e h e a t t r a n s m i s s i o n c o e f f ic ie n ts n e a r t h e e n t r a n c e t o t h e h e a t - e x 
c h a n g e s p a c e , b u t t h e q u a l i t a t i v e e f f e c ts p r e v i o u s l y m e n t i o n e d
a r e a f u r t h e r s u p p o r t o f t h e t h e o r y o f t h e r m a l flo w .

The data of D ittus for oils flowing through horizontal pipes
at low velocities are shown replottcd against the variables
predicted by the Nusselt Equation 3, assuming m and n to
be equal. (Figure 6) Although the correlation is very poor,
the following equation was determined by the curve drawn:

‘ - “ ‘ (iM V )’'
li = 0 .1 4 5 kt

)*

( P>/

(16)

The agreement of the data seems to be good forboth expo
nents of B. Equation 15, however, shows better agreement
with Rice’s Equation 4 for gases at vertical surfaces if the
constant value of 0.74 for diatomic gases is substituted for
B, giving:
h = 0 .1 1 6 k , ( * ' y

g y

(17)

The agreement between Equations 17 and 4 is quite remark
able and shows that heat-transmission coefficients for forced
flow' in a vertical direction at low velocities are the same as for
natural convection with no forced flow'. For downward
flow according to the above empirical equations (7 to 10), the
constant in the equation will be about 18 per cent greater.
If the properties are taken at the fluid temperature, the con
stant in the equations will be about 12 per cent greater for
downward flow.
The fine agreement of the experimental results with the
theoretical Equation 5 is an excellent substantiation of the
theory of thermal flow at vertical surfaces. Unfortunately,
no data were taken for water velocities higher than the theo
retical transitional velocity, owing to less experimental ac
curacy at high velocities and since at the time of the investi
gation it was thought by the writers that rates double and
treble the calculated isothermal critical velocity w’ould surely
be in the range covered by the heat-transmission equations for
turbulent flow'. However, the agreement of the theoretical
transitional velocity with the experimental values reported in
Part II is an excellent support of the theory of thermal flow.
For all velocities below the transitional velocity the co
efficients w'ere found to be higher than predicted by the equa
tions of turbulent flow, but agreed excellently with values
calculated from the theoretical equations assuming thermal
flowr. In the theoretical derivation of the equations of heat
flow for vertical surfaces a plane surface W'as assumed, w’hereas
experiments were made with vertical cylinders by Griffiths
and Davis, and w'ith the inside of a vertical pipe in the present
investigation. In these investigations the effect of surface
curvature was negligible because of the large diameters of the
cylinder and pipe in comparison with film thickness. For
cylinders and pipes of small diameter, how'ever, there may be
some complication due to the changing area of the film, and
possibly different critical thicknesses will result for different
interfacial velocities. Furthermore, the isothermal critical
velocity will increase with decreasing diameters, while the
transitional velocity as given by Equation 9 is independent of
diameter, so that for very small diameters different effects
m ay occur in the critical range.
The presence of air in the cooling water was found to have
no noticeable effect on the heat-transmission coefficients.
Possibly the effect on insulation of the heating surface by
liberated air was offset by the added density drop across the

as,

As predicted for the case of horizontal pipes, the runs with
high velocities resulted in points lying above the curve. The
data did not seem sufficiently accurate to permit determining
the exact velocity effect, although D ittus determined it
roughly as the 1/ n power. D ittu s’ data for water were not
included in the plot since they showed wide deviations.
A comparison of Equation 18 for fluids flowing inside hori
zontal tubes at low velocities with Equations 5 and 6 for
natural convection on the outside of cylinders of small di
ameter show's considerable similarity.
Sum m ary of Equations
(Heat transmission coefficients for water flowing in vertical
pipes at low velocities below the transitional velocity.)
When heat is flowing into a stream of liquid flowing at low
velocities, convection currents are established owing to
temperature differences. Under such conditions the water is
defined as moving in thermal flow. As the velocity of flow
increases as a result of forced convection, turbulent flow
results. The velocity at W'hich the flow of liquid changes
from thermal to turbulent flow is termed the “transitional”
velocity. The transitional velocity is much higher than the
so-called critical velocity for large pipes. The term “critical
velocity” does not apply strictly to liquids being heated or
cooled, for under such conditions viscous flow does not exist.
E

m p ir ic a l

E

q u a t io n s f o r

W

ater

For upward flow in vertical pipes:
hw
hw

= 0 .4 2 A t A ty]
= 0 .3 7 A t A tf

For dow'mvard flow:
hw
hw

= 0 .4 9 A t A tw
= 0 .4 4 A t A tf

where h w — B. t. u. per hour per square foot per degree Fahren
heit
A/ = temperature drop across water film, degrees Fahren
heit
tw = temperature of main water stream, degrees Fahren
heit
■If = average temperature of water film, degrees Fahren
heit
G eneral E

q u a t io n s

(A l l L iq u id s )

For upward flow in vertical pipes:

=

0 .1 2 8 k ,

where kj
Pf
(3/
IV
At
g
cp

=
=
=
=
=
—
=

(

p2

R)H

(19)

thermal conductivity of film
density of film
coefficient of expansion of film
viscosity of film
temperature drop across film
acceleration due to gravity
specific heat of film

Equation 19 is dimensionally homogeneous and so can be
used with any system of consistent units.
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Study of the Fibroin from Silk in the Isoelectric
R egion1
M ilton Harris2 and Treat B. Johnson
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Stable colloidal solu tion s of fibroin m ay be prepared
e c e n t studies of the
The work of von Weimarn
by dissolving the degum m ed silk in concentrated
physical as tvell as the
{6), whereby it has become
aqueous solu tion s of n eu tral salts and su bsequ en t
chemical properties of
possible to dissolve fibroin of
dialysis to rem ove th e salts.
natural silk have proved very
silk in strong aqueous solution
D eterm inations in th e isoelectric region gave the
valuable in the textile indus
of neutral salts, has given us
follow ing resu lts for th e isoelectric point: solubility
try. Since hydrogen-ion con
a new method of attack. He
m easu rem ents, pH 2.1; viscosity, pH 2.3; electro
trol plays an important role
has pointed out that fibroin
phoresis m ethod, 2.2; precipitation of dyed fibroin,
in such processes as degumcan be obtained in colloidal
pH 2.
ming, dyeing, soaking, and tin
dispersion in concentrations
weighting, it is necessary to
as great as 30 to 35 per cent
know not only at what pH we get the best process, but also
by heating 10 to 20 minutes at the boiling point of concen
at what point the silk itself is most stable. This is readily
trated solutions of very soluble salts. These include the
shown by isoelectric determinations.
chlorides, bromides, iodides, nitrates, thiocyanates, and
Investigation of the action of salts on silk is of twofold
chlorates of calcium, strontium, barium, or lithium; also
importance. Certain salts have a definite weakening effect sodium iodide or sodium thiocyanate. In some cases, as
on the fibers, which makes it necessary to keep them from
lithium thiocyanate, dispersion can be obtained at 25° C.
any prolonged contact with the textile material. Other in a few minutes.
salts are capable of acting as solvents in neutral solutions
B y combining von Weimarn’s discoveries with methods
and these are proving very interesting as a possible method of which they have worked out for preparation and purification
dissolving and precipitating silk similar to rayon manu of the protein solutions, the present writers have been able
facture.
to determine m any properties of fibroin in the isoelectric
It is the purpose of this and subsequent papers to contrib region which were previously unobtainable owing to their
ute data which will be of commercial as well as scientific
inability to prepare solutions sufficiently concentrated for
importance in the silk industry.
making a more accurate chemical study. For these de
In studying the properties of fibroin the greatest difficulty
terminations a large number of methods are available.
has been the extreme insolubility of this protein in ordinary
They are based on the fact that at the isoelectric point the
solvents. That strong acids and alkalies will dissolve it
osmotic pressure, viscosity, amount of alcohol required
has long been known, but their action is so drastic that few
for precipitation, migration of particles in an electric
of the original properties of the fibroin are retained in the
field, conductivity, and swelling, are all a minimum. The
resulting solutions. In order to study the physical, properties methods which the authors found to be most satisfactory
in the isoelectric region, we must not only dissolve the
employ electrophoresis, viscosity, and solubility measure
fibroin, but in effecting solution it is necessary that we ments.
utilize methods which will cause as little change as possible
Preparation and Purification of S olution s
in the original substance.
In previous studies on the isoelectric point of fibroin
In the preparation of the fibroin solutions a highly purified
carried out in this laboratory, Hawley and Johnson (2)
succeeded in preparing solutions of fibroin by dry grinding silk was used which had been carefully boiled oil to remove
sericin. This was dissolved in either a 50 per cent lithium
of the material in a ball mill and subsequent suspension
bromide or a 70 per cent calcium thiocyanate solution by
in water to form a fairly stable colloidal solution. Although
warming
to S0° C. A few drops of toluene were added to
these solutions had properties similar to those prepared by
prevent
any
bacterial action. The solutions were then
methods which will be described later, their chief disad
introduced into parchment bags which were allowed to re
vantage lay in the fact that they could not be prepared in
concentrations greater than 0.5 per cent. Since the solu main in the dialyzing tank for about 2 weeks. A colori
metric method was used for determining the amount of
tions were diluted in reactions by addition of reagents,
calcium thiocyanate or lithium bromide remaining in the
insufficient fibroin was present for m any of the determina
solution. B y means of this method it was found that after
tions carried out in this research.
dialysis for 1 week the solution contained about 1 part of
i R eceived M arch 21, 1930. Constructed from a thesis subm itted
salt in 1000 parts of solution, and after 2 weeks, 1 part in
b y Mr. Harris in partial fulfilm ent of the requirements for th e degree of
10,000. The fibroin concentration of the resulting solution
doctor of philosophy in the Graduate School of Y ale U niversity, June, 1929,
was obtained by determining the total nitrogen. B y this
* Holder of th e Cheney Brothers R esearch Fellow ship, 1928-29.
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procedure it is possible to prepare solutions in concentrations
up to 5 per cent. However, solutions of this concentration
are not very stable and are difficult to manipulate in some
physical measurements. It was found that a 1 or 2 per cent
solution was most satisfactory.

It is evident from these results, and also from those in
Figure 1, that a point of maximum precipitation or of mini
mum solubility occurs at pH 2.1. Inasmuch as proteins
exhibit a minimum solubility at their isoelectric points,
this may be taken as the isoelectric point of fibroin.

Effect of pH on Solubility

Effect o f pH on V iscosity

Three grams of fibroin were dissolved in 25 cc. of the 70
per cent calcium thiocyanate solution by warming on the
water bath to 80° C. The solution was diluted to 150 cc.
and dialyzed for 14 days, after which it was removed and

In making viscosity measurements of the buffer solutions
of fibroin, it was necessary to obtain suitable concentrations,
since too concentrated solutions, when buffered at lower
pH’s, tended to precipitate before the measurements could
be made. For these determinations it was found that an
optimum concentration was obtained by dissolving 0.5 gram
of fibroin in 100 cc. of solution. In all cases readings were
taken immediately after preparation of the buffer solutions.
One gram of fibroin was dissolved in 25 cc. of the 50 per
cent lithium bromide solution and the solution was diluted
to 200 cc. After dialyzing for 14 days it was filtered through
a fine filter. Ten-cubic centimeter portions were made up
to the desired pH in exactly the same manner as those
prepared for solubility measurements according to the
scheme in Table I. A 4-cc. portion of each solution was
placed in a Washburn type of viscometer and the tim e re
quired for the liquid to flow between the two measured
marks was recorded on a stop watch. B y determining the
time required for each solution, the time for pure water,
and the relative density of the solution w ith respect to water,
the relative viscosity is directly obtained from the equation:
...................................
t (solution)X
d (solution)
Relative viscosity = f
x
(wa^ ■

pH
F ig u r e 1—E ffect o f p H o n S o lu b ility

carefully filtered to remove any undissolved fibroin. Ten
cubic centimeter portions of this solution were made up to
buffer solutions according to the scheme represented in
Table I.
T a b le I— B uffer S o lu tio n s o f F ib ro in
F ib r o in
0.2 M HC1
S olution
HiO
Cc.
Cc.
Cc.
10
3 .3 4
1 . 66
1.40
10
3 .6 0
3 .9 4
1.06
10
0.2 M K H phthalate
4 .6 7
5
10
0 .3 3
5
3.9 6
10
1.04
5
10
3 .3 0
1.70
5
2.6 4
10
2 .3 6
5
2 .0 3
10
3 .9 7
0.2 M N aOH
5
0 .3 7
10
4 .6 3
0.2 M KC1
Cc.

p

H

1. 8
1.9
2.0
2.2
2 .4
2.6
2.8

3 .0

pH

1 .2
2 .0
2 .2
2 .4
2 .6

T a b le III— R e la tiv e V is c o s ity
R e la t iv e
V isc osity
T im e
Seconds
106.4
1.079
104.0
1.057
1.052
103.6
1.052
103.6
103.8
1.053

of F ib r o in B u ffer S o lu tio n s
R e la t iv e
T im e
V isc osity
pH
Seconds
104.0
1.057
2 .8
1.061
3 .0
104.5
1.081
4 .0
107.0
1.1 0 8
109.2
5 .0
111.4
1.113
6 .0

Figure 2 shows that a minimum time, and therefore a
minimum relative viscosity, is obtained between pH ’s 2.2
and 2.4, and the mean, 2.3, may be taken as the isoelectric
point.

4 .2

The buffer solutions were allowed to stand for 30 minutes.
The precipitates were carefully filtered by suction in a small
Buchner funnel, employing a standard quantitative filter
paper. They were then thoroughly washed with distilled
water in order to remove any fibroin solution remaining.
The filter paper containing the precipitate was removed,
carefully folded, and placed in a digestion flask, where it
was treated in the usual manner for Kjeldahl determinations.
From the total nitrogen the number of grams of precipitate
is directly obtained.
The pH of each solution was found by taking the filtrate
from each buffer solution before the precipitate was washed
and making measurements employing the quinhydrone
electrode.
The amount of fibroin precipitated at each pH is given
in Table II.

tn
1 .8
1 .9
2 .1
2 .3
2 .4

The relative viscosity for each buffer solution is given
in Table III.

T a b le II— F ib ro in P r e c ip ita tio n a t V arious p H ’s
0.1 N HC1 F ib r o in P ptd .
0.1 N HC1 F ib r o in P p td .
Cc.
Gram
PH
Cc.
Gram
7 .7 1
0.0 6 0
2 .6
10.64
0.0 8 3
11.93
0 .0 9 3
2 .8
9 .9 0
0.077
12.92
0.101
3 .1
7 .8 3
0.001
12. IS
0 .0 9 5
4 .2
3 .1 0
0 .0 2 4
11.20
0.0S7

D eterm ination of Isoelectric P oin t by Electrophoresis
M ethod
For these determinations an electrophoresis apparatus,
similar to one used by Landsteiner and Pauli (3) and identical
with one used in this laboratory by H awley and Johnson
(2) was employed. The buffer solutions were about 0.01
normal, so that too much gas would not be formed at the
electrodes. The buffers used were as follows: for the
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pH range of 1.2 to 2.2 potassium chloride-hydrochloric acid
mixtures were used; for the range 2.2 to 3.8, potassium
acid phthalate-hydrochloric acid mixtures; for the range
4.0 to 6.2, potassium acid phthalate-sodium hydroxide;
for the range 5.8 to 8.0, monopotassium phosphate-sodiunr
hydroxide; and for the range of 8 to 10, boric acid-potassium
chloride-sodium hydroxide.
Two grams of fibroin were dissolved in 50 cc. of the lithium
bromide solution. The solution was diluted to 200 cc. and
dialyzed for 3 weeks. A t various intervals samples were
withdrawn and a few drops of silver nitrate solution added.
At the end of 3 weeks there was no weighable precipitate
of silver bromide. The solution was made up to various
iron concentrations and introduced into the apparatus.
The current was allowed to pass through the solution for 1
hour. The anode and cathode portions were withdrawn,
placed in small Kjeldahl flasks, and analyzed by the Nessler
modification for nitrogen determinations. The results of the
electrolysis are given in Table IV.
T a b le IV— E le c tr o ly s is o f F ib r o in
D ir e c tio n o f M o vem ent
10.0
Strongly anodic
5 .5
Strongly anodic
4 .0
Anodic
3 .0
Anodic
2 .8
S lightly anodic
2 .4
N o movem ent
pH

S o lu tio n s U s in é V a rio u s B uffers
pH
D ir e c t io n of M o vem ent
2 .2
N o movem ent
2 .0 .
N o m ovement
Slightly cathodic
1 .8
1 .6
Slightly cathodic
1 .2
Cathodic

The results of these determinations point to an isoelectric
range between pH 2 and pH 2.4 or a mean at 2.2.
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the following facts: The dye is chemically combined with
the fibroin; the fibroin exists in such large aggregates that
the dye is absorbed; or it may be a combination of both.
It is very probable that colloidal fibroin exists in such large
aggregates. This is not only evidenced here, but also is
shown by the fact that changes in structure have little,
if any, effect on the isoelectric point.
D iscussion of R esults
According to Lloyd (4) proteins may be kept in solution
in water by: (a) giving the particles an electric charge,
thereby introducing a force which tends to extend the surface
or scatter the molecules; or (b) increasing the association of
protein molecules with water molecules, thus lessening both
the interfacial tension and the difference in density between
the two types of particles.
Solutions under the influence of an association of the
colloid with the solvent is characteristic of the hydrosols
of proteins and it is -with this class with which we deal.
Von Weimarn (7) has shown experimentally that in the
dissolving of silk fibroin in concentrated, aqueous, salt
solutions the predominate feature is the hydrative capacity
of the salt and not its chemical nature. It appears that the
cohesion of the water molecule in the fibroin hydrate with
that in the salt hydrate is of importance in accounting for
the dissolving of the fibroin.
Another mechanism to explain why salts in neutral solu

Effect of Hydrogen-Ion Concentration on
Solutions of Dyed Fibroin
B y using fibroin which had been dyed previous
to dissolving in the concentrated salt solutions,
the writers have worked out a method by which
the isoelectric point of the fibroin can be de
termined with a fair degree of accuracy by com
paring the amount of precipitate either by eye
or by photographic means. As the isoelectric
point is approached the height of the colored
portion of the buffer solution becomes smaller—
that is, we get an increased amount of precipitate.
Two grams of fibroin which had been dyed
with a direct dye were dissolved in 25 cc. of the
lithium bromide solution. The solution was di
luted to 100 cc. and dialyzed for 14 days. It was
then filtered and divided into portions of 10 cc.
each, which were made up to the desired hydrogen-ion con
centration. The buffer solutions were allowed to stand until
sufficient fibroin had precipitated to show a clear space on
the upper part. (All buffers of each group, however, were
allowed to stand the same length of time.) The results
are given in Table V.
T a b le V— E ffe c t o f p H o n S o lu tio n s o f D y ed F ib ro in
p

H

1 .2
1 .6
1 .8
2 .0
2 .2

P

r e c ip it a t io n

—
x
xx
xxxxx
xxxx

p

H

2 .4
2 .6
2 .8
3 .0
4 .0

P

F ig u r e 3— E ffect of p H o n S o lu tio n s o f D yed F ib ro in

tions increase the solubility of proteins in water has been
worked out by Hardy (1). He postulates the formation of
compounds containing protein and salt combined by linkage
at the nitrogen of the free amino group.
/N H 2

R<
x COOH .

/ B
XS

/N H 2<

+

BS5=±R <

x COOH

r e c ip it a t io n

xxx
xx
xx
x

Figure 3 is an actual photograph winch shows a maximum
precipitation at pH 2.
A very remarkable feature is brought out in this deter
mination. In preparing the above solution the fibroin
has necessarily been dispersed into aggregates of colloidal
size. Apparently, however, the color (dye) has remained
with the dispersed solid. N o color was, ever detected in
the water surrounding the parchment bags even when the
dialysis was carried out in a liter beaker. This tendency
of the dye to remain with the fibroin may be due to one of

The values for the isoelectric point which the writers have
obtained by four different methods are in good agreement
and are easily reproducible. They are also in good agree
ment with results obtained by Hawley and Johnson (2).
Although their work was done upon fibroin which had been
ground up in a pebble mill and which in solution has slightly
different propcries from that prepared by dissolving in salt
solution, the close agreement was not surprising. Analysis
shows that the fibroin molecule contains few free amino or
carboxyl groups and that the latter are in excess. In weak
acids and bases in general it is enough to assume that a
single Ka and Kb functions in a buffer solution. Since all
differences in constitution do not find expression in the values
of K a and Kb, the isoelectric reaction of various proteins
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with buffer solutions is only partly affected by differences in
structure.
The low isoelectric point of fibroin (pH 2.2), although
somewhat striking, is easily accounted for with a little
knowledge of the structure. That the fibroin molecule
contains an excess of free carboxyl groups over free amino
groups has already been pointed out. Toa (5) demonstrated
that fibroin was a negative colloid in aqueous solution and
in an electrical field would migrate toward the anode.
These observations are also confirmed by the fact that
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basic dyes form more stable combinations with silk than acid
dyes.
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Organic Fluorides as R efrigerants1
Thom as Midgley, Jr., and Albert L. H enne
F rigidairb C orporation , D ayton , O hio

Irrespective of otherwise satisfactory engineering and
g r e a t ly r e d u c e s toxicity.
T IS e s s e n tia l t h a t a
therm odynam ic properties, all refrigerating agents
L ik e w is e , inflammability is
medium for mechanical
previously used have been either inflam m able, toxic,
greatly reduced by the sub
refrigeration be s ta b le
or both.
stitution of fluorine for hy
and non-corrosive, and pos
This paper covers a new class of refrigerating agents —
drogen.
sess suitable vapor-pressure
organic substances con taining fluorine. Som e of
A c o n s id e r a t io n o f th e
characteristics. These may
them are surprisingly non-toxic. Dichlorodifluorop e c u lia r it ie s just outlined
be c a lle d the engineering
m cthane is less toxic th an carbon dioxide, as nonmakes it at once evident that
p r o p e r tie s. In a d d itio n ,
inflam m able as carbon tetrachloride, and very sa tis
a proper adjustment of the
when certain special uses are
factory from every other standpoint. Its toxicity has
relative amounts of hydrogen,
contemplated, n o n -to x icity
been studied by the U. S. Bureau of M ines and their
fluorine, and other halogens
and non-inflammability be
results are included. A m ethod of correlating the
will afford a means of select
come of equal importance, in
properties of this class of substances is presented, and
ing a refrigerant w it h a n y
order that serious health and
the m ethod of m anufacture of dichlorodifluorom ethane
combination of the desired
fire hazards may be avoided
is described.
characteristics.
in the event of accident.
A graphical representation
Tabic I lists the materials
that have been used more or less commonly as refrigerating as shown in Figures 1 and 2 facilitates this method of pre
agents, and illustrates that heretofore no substance has been diction and selection. Similar charts m ay be constructed
adapted to refrigeration which combines non-toxicity and for other halogenated hydrocarbons. It should be borne in
non-inflammability with suitable engineering properties.
mind that the data given in these figures are of an engineer
ing nature rather than of a scientific exactness. Toxicity,
Fluoro-IIalo Derivatives of Aliphatic Hydrocarbons
stability, and corrosiveness are not susceptible of expression
in exact units, nor is non-combustibility. The boiling-point
The writers have discovered that individual members of a
temperatures plotted are as accurate as those found in the
certain class of compounds may be selected for use as refrig
literature for the fluorochloro derivatives and can be taken
erants having any desired combination of the above proper
to be within ± 3 ° C. of the true value.
ties. This class is described as the fluoro-halo derivatives of
aliphatic hydrocarbons.
T a b le I— C o m m o n R e fr ig e r a n ts
E n g in e e r in g
I nplamma These compounds show interesting differences from the
R e fr ig e r a n ts
T o x icity
P r o pe r t ie s
D IL IT Y
commonly accepted generalizations regarding organic com Air
D oes not liquefy
OK
OK
Carbon dioxide
Excessive
vapor
pounds containing halogens. In general, when a halogen
pressure
OK
OK
atom replaces a hydrogen atom, the boiling point of the re Water
E xcessive vacuum OK
OK
OK
Very slightly T oxic but gives am 
sulting compound is higher than that of its parent; for ex Ammonia
ple warning
inflammable
OK
ample, carbon tetrachloride boils at a higher temperature Sulfur dioxide
T oxic but gives am 
OK
ple warning
than does chloroform. Similarly the' boiling point of methyl M ethyl chloride OK
no
Slightly i n  T oxic, _ g i v e s
warning
flammable
fluoride is higher than that of methane. But a quite unex M ethyl bromide Vacuum
Slightly i n - T oxic,
g iv e s
no
pected result is obtained when fluorine replaces hydrogen on
flammable
warning
Butane
OK
Very inflam
a carbon atom which is already linked to one or more halogen
OK
mable
atoms; for example, chloroform boils at 61° C., while fluorotrichloromethane boils at 24° C.
Selection of D ichlorodifluorom ethane
Again, it is accepted that the substitution of halogen for
hydrogen in general increases toxicity, and in view of the toxic
A study of the charts will center attention on dichloro
properties of inorganic fluorides it is extremely surprising to
difluoromethane (CCI2F 2) as being a compound which should
find that the substitution of fluorine for hydrogen on a carbon be non-inflammable, substantially non-toxic, and have a
atom which is already linked to one or more halogen atoms suitable boiling point for commercial mechanical refrigeration
of the normal pressure type. Other substances will suggest
1 R eceived April 10, 1930. Presented before the General M eeting
themselves, particularly among the ethane derivatives, but
under the auspices of the Division of Industrial and Engineering Chemistry
a t the 79th M eeting of the American Chemical Society, Atlanta, Ga.,
the possibilities of commercial production favor dichloro
April 7 to 11, 1930.
difluoromethane.
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Properties of Dichlorodifluorom ethane
E ng ineerin g P roperties 2

“V

—Stability a n d C o r r o s io n
Data. According to vaporphase tests, dichlorodifluoromethane vapor is stable for at
least 30 days at 175° C., if
pure and dry and in an un
reactive container. The cor
rosion characteristics of pure
dry dichlorodifluorometliane
vapor at 175° C. are satis
factory with high and low
carbon and stainless steels,
a lu m in u m , copper, monel
metal, t in , an d t in - le a d
solders; doubtful with phos
phor bronze and Everdur
b ro n ze; and unsatisfactory
with the brasses and mag
nesium alloys. Water always
causes corrosion and decom
position. Zinc, magnesium,
an d w a te r a ll attack the
chlorine but not the fluorine.
A t room temperature there is
neither corrosion nor decom
p o s it io n with any of the
ordinary structural metals in
liq u id d ic h lo r o d if lu o r o methane.

F ig u r e I — C h lo ro a n d F lu o r o c h lo r o
D e r iv a tiv e s o f M e th a n e
H alogens only are indicated. Car
bon and hydrogen are understood;
P h y s ic a l C o n s t a n t s
thus: C L F 2=3 CHaCLF, and CL< =• Boiling p o in t.................... — 30° C.
CCL*
Freezing p o in t................ —155° C.
D ensity of liq uid.. . 1 .4 0 — 0.00326/
Cp liquid (5 -2 5 )..................
0.2 2 4
k =
C p /C v vapor. 1 .1 2 4
Cp vapor................................
0 .1 5
L atent heat, 39 cal. per gram a t boiling point and 34 cal. per gram at 30° C.

Vapor pressure: log p = 4.321 — 1047/Tabs
Equation of state of vapor (Keyes type):
_ 0 .0 8 2 r
34.4
P
V- b
(» + 0.762)2
log b = 0.035 — 1.165/7 ( 7 is in liters per mol)
N on -T oxicity — Robert A. Kehoe made a preliminary in
vestigation of the toxic properties of dichlorodifluoro-methane
from which it was evident that this compound was remarka
bly non-toxic. A more complete and detailed investigation
has been nearly completed by the United States Bureau of
Mines Experiment Station in Pittsburgh, under the direction
of W. P. Y ant and R. R. Sayers. The following statement
summarizes the more important features:

The possibility of chronic poisoning by inhaling dichlorodifluoromethane was investigated by exposure of dogs, monkeys,
and guinea pigs to air containing 20 per cent vapor. Preliminary
experiments had shown that single exposures to this concentra
tion would produce marked symptoms in dogs and monkeys,
and it was desired to ascertain if these represented temporary
effect or if permanent damage would result from repeated ex
posure. A 20 per cent concentration also appeared desirable,
because it represented, not only an abnormally high concentra
tion in use from the viewpoint of contamination of the air under
practical use as a refrigerant, but also the highest concentration
that could be used without the possibility of the health of the
animals being affected by the oxygen deficiency incurred through
dilution of the air.
The animals were exposed for 7 to 8 hours daily except Sunday
during an 83-day test period. A control group of animals,
similar in kind and number, was simultaneously exposed under
1 Preliminary data obtained from private com m unication from R . M .
Buffington.

543

identical conditions to normal air. All the animals were ob
served for the occurrence of symptoms, blood changes, fatality,
and pathological changes. At the end of the test period one-half
of the animals were killed for pathological examination and onehalf kept for a 32-day post-test observation period, at the end
of which they were also killed for pathological examination.
The dogs exhibited a generalized tremor which developed each
day in a few minutes after the exposure was started. The
tremor appeared to be cyclic during the exposure period, each
cycle ranging from a fine tremor while the animal was quiet, to
a marked coarse tremor often convulsive when the dog attempted
to be active. The dogs usually remained on their sides, and were
able to turn over or get up only after struggling. When standing
or attempting to walk they acted much like persons suffering
from alcoholic ataxia. Profuse salivation and lacrimation
occurred. The eyelids were held wide open, exhibiting a fixed
stare of the eyes. At all times, however, the animals reacted
to light and sound stimuli. The peak of the severity of symp
toms was usually reached in 10 to 20 minutes after starting test
and continued throughout the test period. The dogs never
became unconscious.
When exposure was started the monkeys usually huddled in
the corner of the chamber, sometimes in a prone position, and
frequently urinated. This was followed by an onset of general
tremor, but of a less severity than was shown by the dogs. As
in dogs, the tremor was of a recurring cyclic nature, varying
from coarse to fine. Fine tremor usually prevailed during the
time the animals were quiet and often apparently asleep. The
only other visible symptoms were apparent vertigo and un
steadiness, They reacted to sound and light and were alert
to persons’ movements.
Guinea pigs' showed signs of uneasiness when first exposed.
Occasionally they gave indication of slight irritation of the nose
as manifested by sniffing and rubbing their noses with their
paws. They almost invariably urinated. They remained hud
dled in the cage much of the time. They were able to walk and
frequently engaged in chewing the paper covering that was
placed on the bottom of the test cages. Symptoms of unsteadi
ness, vertigo, and tremor were not exhibited by guinea pigs.
From the viewpoint of
symptoms, the dogs and
monkeys gradually de
veloped a tolerance to
the gas. After about 2
weeks of the experiment
the dogs were able to get
up and stand with much
less difficulty than be
fore, and they remained
on their feet, for longer
periods of time. Lacri
m a tio n and salivation
gradually decreased and
finally ceased. T h eir
ey e s showed more ex
p ressio n and tremors
were less severe. Mon
keys show ed a coa rse
tremor only during the
first hour of test, after
which it changed to a
fine, at times almost in
v is ib le , in te r m itte n t
tremor. This condition
c o n tin u e d for the re
mainder of the day, ex
cept after p erio d s of
unusual activity, when
th e co a rse tremor re
tu r n e d . They usually
were quiet, in a sitting
position, often with the
a p p ea ra n ce of being
asleep. A male monkey
frequently showed signs FIfture 2 - F l a m m a b i l l t y of C h lo r o a n d
Of anger upon being dlS F lu o r o c h lo r o D e r iv a tiv e s o f M e t h a n e
turbed. Rectal tempera
tures, to ascertain whether or not the tremors in the dogs were
accompanied by lowered body temperature, showed no significant
difference between the control animals and the animals exposed
to dichlorodifluoromethane.
After test the dogs recovered almost completely in 1 minute,
They were slightly unsteady on their feet for 2 to 5 minutes,
but this unsteadiness completely disappeared in 10 minutes.
The time of recovery for monkeys was less than for dogs. Guinea
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pigs exhibited no distinct symptoms either during or following
exposure. All animals ate heartily in 5 to 10 minutes following
exposure.
The number of red blood cells and hemoglobin content ot the
blood of the majority of the animals exposed to dichlorodifluoromethane vapor was similar to that of the controls.
The weight curves were similar to the controls. In a number
of cases a trend toward an increase in the hemoglobin and red
blood cells of the exposed animals was similar to the controls,
and the only finding in differential white-cell examinations was
a slight increase in polymorphonuclear neutrophils and a similar
decrease in lymphocytes. This would be expected from even a
very mildly irritating atmosphere.
Autopsy findings revealed no gross pathology attributable to
dichlorodifluoromethane.
A determination of the lethal time-conccntration curve for
dichlorodifluoromethane in air and also in oxygen is now being
made by the Bureau of Mines.
Results of this work completed to date have shown that
exposure of guinea pigs to 80 per cent vapor in air which by
dilution reduces the oxygen content to approximately 4 per cent
causes the animals to fall to their sides and severe convulsions
to occur almost immediately. Recovery from this condition
is rapid and uneventful after a 15-minute exposure. An ex
posure of 20 to 30 minutes, however, causes death. The time
of occurrence of death in these animals is markedly influenced
by the low and fatal oxygen concentration. This is shown by
the fact that 60 to 90 minutes are required to produce death
when the animals are exposed to an atmosphere composed of
80 per cent dichlorodifluoromethane and 20 per cent oxygen.
Even in this case death is apparently due to rupture of the wall
of the stomach resulting apparently from the continuous severe
convulsions.
Continuous exposure of guinea pigs to 40 per cent dichloro
difluoromethane in air, which reduces the oxygen concentration
to approximately 8 per cent, causes severe symptoms but no
significant pathology and no deaths either during or following
25 hours’ continuous exposure. The animals which were help
less on their sides, exhibiting generalized tremor and severe
convulsions at the end of the exposure, were on their feet with
out signs of tremor or convulsions in 5 to 10 minutes after ter
minating the exposure. Exposure for 35 to 50 hours caused
death. The only significant gross pathological change in these
cases was mild to moderate to severe fatty degeneration of the
liver, the severity depending in general on the period of exposure.
Continuous exposure to 20 per cent dichlorodifluoromethane
vapor in air caused death to guinea pigs after 50 to 100 hours,
but a dog and a monkey exposed simultaneously with the guinea
pigs withstood 120 hours’ continuous exposure without death
occurring during or following exposure, and without subsequent
ill effects.
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The reaction involved in the manufacture of dichlorodifluoromethane is as follows:
3CCU + 2SbF3 --------» 3CC12F2 + 2SbCl,
SbCU
When pure and dry antimony trifluoride (obtained by
sublimation of the crude material) is brought into contact
with carbon tetrachloride, in the presence of a small amount
of antimony pentachloride, fluorine substitutes for chlorine
with great ease in the carbon tetrachloride. Since each
fluorine substitution lowers the boiling point of the resulting
compound by about 52° C., it becomes a relatively simple
matter to extract any desired substitution product by frac
tional distillation, thus removing it from the reaction field
as it is formed. Obviously, small amounts of excessively or
insufficiently fluoratfed compounds will accompany the prod
uct, but yields as high as 94 per cent have been obtained,
while 88 per cent yields are common experience. The reac
tion may be carried out at atmospheric pressure, but if di
chlorodifluoromethane is the desired product a large amount
of refrigeration will have to be spent in déphlegmation.

Although the experimental work has not been completed,
the results obtained to date show the gas to be non-toxic from
the practical viewpoint of health hazards. Table II gives
data for comparing the toxicity of dichlorodifluoromethane
with some of the refrigeration media in use at present.
C o m p a r a tiv e T o x ic ity o f D ic h lo r o d iflu o r o m e th a n e a n d S o m e
C o m m o n R e fr ig er a n ts
(Concentrations in per cent by volume)
K

il l s

A
in

G

as

n im a l s
a

Very Short
T im e

Per cent
Ammonia
0 .5 to 1 .0
M ethyl chloride
15 to 30
Carbon dioxide
30
Dichlorodifluoromethane N ot attainable

D

M

angbrous
t o L if e in
to

30
M

60

a x im u m

fo r

S evbral H ours
w it h o u t D a n g e r

in u t e s

Per cent
0 .2 5 to 0 .4 5
2 to 4
6 to 8
80

to

L

F ig u r e 3— A u to c la v e E q u ip p e d w ith F r a c tio n a tin g C o lu m n
a n d D e p h le g m a to r

if e

Per cent
0.0 1
0 .0 5 to 0 .1
2 to 3
40

N o n - I n f l a m m a b i l i t y — Dichlorodifluoromethane is
ob
viously non-inflammable. Its fire-extinguishing ability may
be judged by the fact that mixtures containing 30 per cent
butane by gas volume are still non-inflammable.

Industrial Production of Dichlorodifluorom ethane
The pioneer work on organic fluorides of F. Swarts has been
used as a basis for the manufacture of dichlorodifluoro
methane. The results published by Doctor Swarts have made
unnecessary an immense amount of work which would other
wise have greatly delayed the production development.

Therefore, it is more economical to run at 60 pounds pressure
and to use water to maintain the dephlegmator at 15° G.
Likewise, it is desirable to operate at a pressure slightly lower
than that corresponding to the vapor tension of dichloro
difluoromethane; this favors the formation of a mixture of
trichlorofluoromethane arid dichlorodifluoromethane and
hinders the formation of trifluoroehloromethane. Trichloro
fluoromethane can be re-run, while trichlorofluoromethane is
a total loss. Re-running trichlorofluoromethane raises the
fluoration yield to 98 per cent.
Figure 3 is a photograph of an autoclave equipped with a
fractionating column and a dephlegmator. A is a steamjacketed autoclave, with loading hole, B, and a dump valve
at the bottom (not shown). C is a flat spiral fractionating
column made from monel metal; I) is a monel m etal de
phlegmator. The pipe, P , leads the gases escaping from the
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dephlegmator to the washer, F, in which a caustic solution
eliminates any trace of phosgene, chlorine, or any derivative of
pentavalent antimony. From there the gases pass through a
regulating valve to the gasometer, G, and thence to pump H,
which delivers the liquefied product to receivers located on a
lower level.
The operation is as follows: 125 pounds of sublimed anti
m ony trifluoride are delivered to the autoclave through B,
and the required amount of antimony pentachloride is added.
Hole B is closed, the carbon tetrachloride supply pump, 7,
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is started, and steam is turned on. The reaction starts im
m ediately and in a short while the pressure reaches 60 pounds;
the subsequent operation is automatic. The end point is very
sharp and corresponds to the theoretical quantity of tetra
chloride. The pressure is then released through a by-pass
valve on the pressure regulating system. The dump Valve is
opened and the molten antimony trichloride flows by gravity
into hooded containers. No further cleaning is required)
After the dump valve is closed the apparatus is ready for the
next run.

A ction of T ry p sin on the Properties of Collagen1
R. O. Page and A. W. Page
W

oo lsto n

T

a n n e r ib s

IN C E the pioneer work of Wood (IS) on the mechanism
of bating, the functions of the various constituents of
the bate have been widely studied, more especially by
Wilson and Merrill, who have paid a great deal of attention to
the action of the enzyme. In 1920 Wilson showed that in bat
ing elastin was attacked by trypsin (8) and the following year
he carried the study of elastin removal further (10), setting
forth the factors controlling it and showing that it was the
only action of a bate liquor observable under a microscope.
As a result of this work it was generally assumed that elastin
removal was the primary function of trypsin in bating, except
in those few cases where the process is prolonged sufficiently
to cause partial digestion of the collagen itself. A few years
later, however, Wilson and Merrill (11) showed that not only
was keratose (formed by the action of lime solutions on
keratin) also removed by bating, but it was attacked much
more rapidly than elastin, and indeed in the case of certain
types of calfskin all measurable effects of bating were produced
before any noticeable action on the elastin had started. As it
was found possible to correlate the keratose-digesting power
of an enzyme with its bating value, it seemed very probable
that in working with calfskins this was the important function
of the enzyme.
Marriott (S) attacked the theory that the essential function
of the enzyme was the removal of elastin by drawing attention
to the fact that enzyme-treated skins, when tanned, are
always softer and lighter in color than skins treated similarly,
except for the absence of enzyme. He attributed the differ
ence to the removal by the enzyme of degraded or (3-collagen
while the unaltered or a-collagen remained unattacked,
and claimed that this removal of degraded collagen, together
with the cleansing of the grain, presumably by the solution of
keratose, is the essential change caused by the enzyme during
the bating process.
This viewpoint centers attention on the action of the
enzyme on the collagen, and in this connection Merrill (5, 6)
has shown that collagen is attacked by trypsin at exactly the
same rate whether from limed or unlimed calfskins, and that
during the normal bating of calfskins only negligible traces of
collagen are removed. While this work indicates that Marrio tt’s assumption of the preferential solution of degraded
collagen is untenable, the mere removal of keratose seems in
sufficient to account for the appreciable effect which bating
sometimes has on both the firmness and color of the resultant
leather. Although it is widely recognized that bating tends
to produce softness in leather and that this softness is often
connected with the falling which takes place in that process,

S

1 R eceived D ecem ber 23, 1929.
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Merrill (4), in his study of the rate of falling of calfskin during
bating, found that this was increased by enzymes only when
present in quantities much greater than any ever employed ip
practice, and ascribed the increases then observed to the
actual destruction of a considerable portion of the skin.
Previous work in this laboratory; (7), however, demonstrated
that hide plumps in lime progressively as the tim e is increased,
while Gustavson (2) has shown that increase in time of liming
increases the power of hide to combine with tanning materials.
Moreover, the plumping due to long liming cannot be entirely
reversed by mere reduction of the pH value to the isoelectric
point of collagen.
I
The present paper is a continuation of this line of investi
gation.
Effect of Pretreatm ent of Collagen on Enzym e A ction
Portions from the butt of a cowhide were soaked for 24
hours in each of two changes of water and then limed for 5
days in saturated lim e solution containing excess of lime and
0.1 normal in sodium sulfide. After being unhaired, the
pieces were washed for 2 hours in running water, delimed by
means of ammonium chloride, and then bated for 24 hours at
35° C. in a solution containing 0.2 gram of trypsin per liter
and 0.1 molar in sodium phosphate adjusted to pH 8. On
removal from the bate, the pieces were washed in running
water for 3 hours.
Nole— I t will be noted th at this tim e period of bating is far. in excess
of w hat would be used in practical tannery operation w ith this class of hider
T he results obtained, therefore, should not be construed as indicative of
w hat happens in practice but are, rather, of theoretical interest.

It was considered that this treatment would remove all the
elastin present. That keratose and other readily soluble pro-i
tcin material were also removed was also shown b y the fact
that upon further treatment with the enzyme a slow, uniform
solution of nitrogen took place. It seemed safe to assume,
therefore, that the hide pieces at this stage represented
collagen fairly free from other proteins.
Their thickness having been measured by means of a gage
pressing on them with uniform pressure for 1 minute, the
purified pieces were kept for 3 days in a larger reservoir con
taining 0.05 N sodium hydroxide solution, then neutralized
with an equivalent amount of hydrochloric acid, complete
penetration of which was insured by constant shaking, and
finally washed thoroughly in water.
The pieces were next placed in 0.1 M sodium phosphate
solutions of pH 8 containing different amounts of enzyme and
maintained at 35° C. for 24 hours. They were then removed
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and their thicknesses again determined. The results of both
the nitrogen and the plumping determinations are given in
Table I, the gage readings in each case being the mean of six
determinations.
T a b ic I— N itr o g e n a n d P lu m p in g D e te r m in a tio n s
A dkadi T

rbatm bn

T

A

c id

T

reatm ent

0. 2
0 .5
1.0
0
0.1
Trypsin, grams per liter 0
3 .6 3
3 .4 5
3 .9 3
3 .9 8
4 .0 0
Initial gage reading, mm. 4 .1 8
4 .2 7
4 .7 7
4 .3 6
4 .5 3
5 .1 6
Final gage reading, mm. 5 .4 7
1.264 1.176
1.308 1.290 1.215 1.139
R atio (plumping)
Hide substance dissolved,
0 .3 1
0 .5 4
1 .0 6
1 .2 7
0 .1 5
0 .5 8
per cent3
a Calculated from nitrogen in solution, correction being made for that
derived from enzyme, and expressed as percentage of total hide substance
n pieces before bating.

Pretreatment of hide pieces with 0.05 N hydrochloric acid
under the same conditions gave results closely similar to those
.obtained by alkali treatment, as is shown in Table I.

A ctive trypsin

Inactivated trypsin

F ig u r e 1— L ea th e r M ad e fr o m H id e P ieces w ith A ctiv e a n d w ith
I n a c tiv a te d T ry p sin

The experiments demonstrate (1) that pretreatment of
hide with either alkali or acid of approximately the concen
tration at which maximum plumping is produced still gives
very considerable plumping when the pH value is brought
back to 8; and (2) that treatment of plumped hide with
trypsin under such conditions that less than 1 per cent of hide
substance is removed by it reduces the plumping up to 13 per
cent, the reduction being roughly proportional to the con
centration of the enzyme.
It seems highly improbable that the small amount of
collagen dissolved is the main factor responsible for the falling.
It can be more easily explained on the assumption of some
change in the collagen similar to that which probably causes
the original plumping. As would be expected from the work
of Merrill (6) the rate of solution of collagen from hide
pieces pretreated in the way described above is practically
identical to that obtaining in the case of the original pieces.
The following experiments show that the same relationship
holds also in the case of hide powder.
Five-gram portions of standard hide powder were soaked in
{a) 0.05 N sodium hydroxide solution, (6) 0.05 N hydro
chloric acid, and (c) distilled water, respectively, each for
24 hours, neutralized in the first two cases, then all bated in
•solutions containing 0.2 gram of trypsin per liter and buffered
to pH 8 with sodium phosphate. In each case a duplicate was
run in which the enzyme had been inactivated by 15 minutes’
boiling. The nitrogen in the filtered solution was determined
and calculated as the percentage of that in the original hide
powder taken. The difference between the nitrogen in the
solutions containing the active and the inactive enzyme,
respectively, represents the percentage collagen attacked by
th e trypsin. The results are shown in Table II.

T a b le II— E ffe c t o f K in d of P r e tr e a tm e n t o f H id e P o w d er o n C o lla g e n
D isso lv e d b y T r y p sin

Collagen dissolved, per cent

It thus
plumping
is due, as
of altered

P retreated
W IT H 0.1 N

P retreated
W IT H 0.1 N

N aO H
2 1 .8 5

HC1
2 0 .0 7

P

retreated

W IT H
W ater

2 1 .6 6

seems unlikely that the influence of enzyme on the
capacity or on any other property of the collagen
suggested by Marriott (S), to preferential solution
collagen.
Appearance and T an nin Fixation

In order to study the effect of enzyme on subsequent tan
ning, hide pieces, purified as before and similarly plumped in
acid or alkali, were neutralized and then bated at 35° C. for
24 hours in sodium phosphate buffer solutions at pH 8 con
taining 1 gram of trypsin per liter. Each set was run in
duplicate with active enzyme in one case and inactive enzyme
in the other. On removal from the bate, the pieces were
rinsed in water and then tanned in wattle-bark liquors of pH 4
and of gradually increasing tannin concentration over a
period of 6 weeks.
From the beginning of the tanning those pieces which had
been treated with active trypsin were appreciably lighter in
color than those which had been treated with the inactivated
enzyme. This difference was maintained throughout the
tanning period, and ■when, on the completion of the 6 weeks,
the pieces were removed and dried, it became still more
marked. The leather made from the hide pieces with in
activated enzyme was dark, rough on the grain, and hard and
firm; that from the pieces bated with trypsin, on the other
hand, as light in color, smooth on the grain, and mellow,
closely resembling leather made from bated hide pieces not
subjected to subsequent treatment with acid or alkali.
(Figure 1)
As it seemed possible that the differences in appearance of
the finished leathers m ight be correlated with a difference in
their chemical compositions, a series of analyses of such
leathers was made. These analyses were inconclusive, fail
ing to show any very definite difference between leathers
from enzyme and non-enzyme treated hides. Another set of
experiments was therefore performed, this tim e with hide
powder, which, being so much more sensitive to pre-treat
ment than hide, was expected to reveal more readily any
variations in composition of the tanned powder.
Preliminary experiments.with ordinary hide powder indi
cated that the bated substance fixed less tannin than the
unbated. In view, however, of the possibility that the bating
had removed the smaller particles and left only larger pieces
which would tan more slowly, in the final experiments the
hide powder used was purified and freed from both the larger
and smaller particles. Water-soluble material and fat were
removed by the method of Wilson and Merrill (12), and the
purified powder was sifted through screens, only that portion
which passed a 20-mesh screen but was retained by a 40-mesh
screen being employed. In order to emphasize any action of
trypsin on the collagen, 5-gram portions of the hide powder
were first plumped for 16 hours in 0.05 N sodium hydroxide
solution and then brought back to pH 8, a treatment which, as
Gustavson (1) has shown markedly increased the amount of
tannin fixed in a subsequent tannage with vegetable tannins.
After being neutralized, the hide powders were covered with
200 cc. of a sodium phosphate buffer solution at pH 8 and
maintained at 35° C. for 3 hours, then drained, washed in one
change of distilled water, and tanned for 1 week in w attlebark liquors at pH 4. In all cases the concentration of the
initial liquor was 10 grams of solids per liter, and gradually
increased to a final concentration of 35 grams per liter.
Tanning was carried out at room temperature in bottles
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which were shaken continuously during the whole period.
The temperature was the same for all the hide-powder por
tions in each experiment.
After tanning, the powders were air-dried and then analyzed
as for a vegetable-tanned leather, water-soluble content being
determined by the method of Wilson. The results are sum
marized in Table III.
T a b ic I II — E ffe c t o f T ry p sin o n A m o u n t o f T a n n in F ix ed
C oncentration of trypsin, grams
p e r lite r
0
0 .0 1
0 .1
1 .0
H id e su b sta n c e dissolved in b a te ,
1.9 2
2 1 .2
p e r c en t
4 .8 8
14.32
ANALYSIS OF LEATHER
Per cent Per cent Per cent Per cent
M o istu re
14.00
14 .0 0
14 .0 0
14.00
36 .5 2
H ide su b sta n c e
3 6 .7 3
3 7 .0 0
3 7 .0 0
W ater-solub le
3 5 .9 5
30 .0 2
3 6 .7 0
3 6 .7 0
A sh (insoluble)
0 .2 4
0 .2 4
0 .2 4
0 .2 4
13 .2 2
T a n n in (by diff.)
13 .0 8
12 .0 6
12 .06
T a n n in g p e r 100 p a r ts of h id e su b 
3 6 .2
3 5 .6
3 2 .6
stan c e
3 2 .6

These results indicate that trypsin, in concentrations of
0.1 gram or more per liter, reduces slightly the amount of
tannin with which pretreated hide powder will combine. The
similarity in composition of the products from hide powders
treated w ith 0.1 gram and 1.0 gram of trypsin per liter, re
spectively, is to be expected from the work of Merrill (.9), who
showed that increasing the concentration of enzyme beyond a
certain point does not increase the rate of digestion of collagen,
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whereas increasing the surface of the collagen does; hence the
much greater effect on enzyme on hide powder than on hide.
Conclusion
It appears from the above experiments that where collagen
has been subjected to considerable pretreatment with alkali
in the unhairing and liming processes, trypsin has a wider
action on it than mere solution. Besides removing a certain
amount of hide proteins in the process of bating, trypsin acts
on the remaining collagen to reduce its plumping to lighten
the color and increase the mellowness of the leather produced
from it, and to lessen its power of combining with vegetable
tanning materials.
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A m idation of N itro-p-D ichlorobenzene'
L. McMaster and A. Steiner
W

a s h in g t o n
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ARA-chloro-o-nitroaniline, an important dye inter
mediate, has generally been prepared (1, 2, 3, 4) by
heating nitro-p-dichlorobenzene, dissolved in sufficient
alcohol, with ammonia under pressure at varying tempera
tures and for different periods of time. It is described as
orange-red needles of melting points from 115° to 116.5° C.2
The object of this investigation was to prepare the pchloro-o-nitroaniline from nitro-p-dichlorobenzene, using
aqueous ammonia, with and without catatysts, in an auto
clave so as to arrive at the optimum conditions of time,
temperature, pressure, and ammonia concentration.

P

Experim ental Procedure
The apparatus used was a brass-lined autoclave of 2 liters
capacity, provided with an iron stirrer and thermometer well.
The nitro-p-dichlorobenzene was supplied by the Monsanto
Chemical Works. It had a melting point of 54.5° C.
In each experiment 25 grams of the nitro-p-diehlorobenzene were heated with 140 grams of 28 per cent ammonium
hydroxide. This corresponds to 18 mols of ammonia for
each mol of the nitrodichlorobenzene. After each run the
autoclave was allowed to cool. The contents consisted of
an orange liquid portion and a solid portion. The liquid
contained unused ammonia, ammonium chloride, and a
small amount of the p-chloro-o-nitroaniline.
The solid portion was a dark red crystalline mass, con
sisting of a small amount of carbon, some unchanged nitro
dichlorobenzene, and the p-chloro-o-nitronniline. This mass
1 R eceived January 18, 1930. Presented before th e D ivision of
Organic C hem istry a t th e 77th M eeting of th e American Chemical Society,
C olum bus, Ohio, April 29 to M ay 3, 1929.
a T he International Critical T ables give 115° C.
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was crushed and successively treated with small portions of
hot hydrochloric acid (sp. gr. 1.18) and filtered at once.
About 500 cc. of acid were required. This acid extract was
cooled and poured into water. The p-chloro-o-nitroaniline,
of melting point 115° C., separated in the form of orange crys
tals, which were filtered off, dried at room temperature, and
weighed. When recrystallized from boiling water, in which
it is slightly soluble (1 gram in about 300 cc. of water), it
consisted of orange needles of melting point 115.8-116° C.
The diluted hydrochloric acid was used instead of water for
further precipitations.
Extraction with 36 per cent acetic acid does not give such
good results'on account of considerable difficulty in removing
the last traces of the acid. Numerous other solvents, such
as ether, alcohol, acetone, petroleum ether, were tried, but
none were so satisfactory as the hydrochloric acid.
Steam distillation of the solid portion was tried as a means
of removing the unchanged nitrodichlorobenzene from the
p-chloro-o-nitroaniline. In one experiment 40 grams of'the
dark red crystalline mass were steam-distilled for 1 hour.
After 1 liter of liquid was distilled off there separated out 2.5
grams of a yellow, non-crystalline mixture of unchanged
nitrodichlorobenzene and p-chloro-o-nitroaniline. The dis
tilling flask contained a dark red residue and a red solution.
From the solution 3 grams of pure orange-red crystals of the
amine separated. The residue in the flask weighed 34 grams
(85 per cent yield), melted at 110-111° C., contained some
carbon, and was impure p-chloro-o-nitroanilinc. Purification
by steam distillation was thus found to be impracticable.
A rapid method for checking the per cent yield of the amine
was devised. After drying and weighing the material as de
scribed, it was dissolved in anhydrous ether, and dry hydrogen
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T e m p e r a t u r e ”c .
F ig u r e 1—V a ria tio n o f P ressu re w ith T em p e ra tu r e, W h en
th e A m m o n ia C o n c e n tr a tio n Is 18 M ois per M ol o f N ltr o p -D lc h lo r o b e n z e n e , a n d th e R u n n in g T im e Is 2 H ours
chloride was run into the solution. The light gray hydro
chloride of the amine immediately precipitated in a quanti
tative yield. The ether was poured off and the hydrochloride
allowed to stand in the air. Hydrochloric acid rapidly split
off and left the free amine.

R un
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

T im b
H ours
2
2
2
2
2
4
4
5
2
2
2
4
2
5
2

P ressure
Cm. Hg
852
1100
1369
1369
1369
1369
1369
1369
1627
1627
1627
1627
1627
1627
1885

T em per a tu r e
°C .
120
' 135
150
150
150
150
150
150
170
170
170
170
160
170
185

Y ield
Per cent
T race
61
80
82
81
92
90
92
92
93
91
85
85
83
80

A series of experiments was also made using as catalysts
vanadium pentoxide and copper salts. It was thought that
these catalysts might induce the formation of the diamine. In
no instance was o-nitro-p-phenylenediamine formed. In
fact, the results of eight such runs showed smaller yields of
the p-chloro-o-nitroaniline than when no catalyst was used.
The iron stirrer of the autoclave probably affected the effi
ciency of the copper salts. An increase in time of heating
caused an increase in the amount of carbon.
R esults
Table I gives the yields of pure p-chloro-o-nitroaniline.
The temperatures were kept within 5 degrees of the recorded
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P R E 5 5 URE Cm. H<g.
F ig u r e 2—V a r ia tio n o f Y ie ld w it h C h a n g e i n P r e s 
su r e , W h e n th e A m m o n ia C o n c e n tr a tio n Is 18 M o ls per
M ol o f N itr o -p -D ic h lo r o b e n z e n e , a n d t h e R u n n in g
T im e Is 2 H o u r s

figure throughout the runs. In each case the ammonia con
centration was 18 mols per mol of the nitro-p-dichlorobenzene
except in run 13, where 28 mols were used. The variation
of temperature with pressure and of yield with pressure are
s h o w graphically in Figures 1 and 2. In runs 1 2 ,1 3 ,1 4 , and
15 the amount of carbonization increased as the running
times and temperatures increased. The corresponding de
crease in yields is quite noticeable. *
C onclusions
The best conditions for the production of p-chloro-o-nitroaniline from nitro-p-dichlorobenzene by amidation were found
to be heating for 2 hours, with constant stirring, 170° C.,
1627 cm. mercury pressure, with 18 mols of ammonia per
mol of the nitro-p-dichlorobenzene without catalysts such as
vanadium pentoxide and copper salts.
The maximum yield of the product was 93 per cent of
orange-red needles of melting point 115-116° C.
A cknow ledgm ent
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concerning this investigation.
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Uses of Zinc'
Zinc ore may be used for the manufacture of slab zinc, zinc
dust, pigments, and salts, according to the Bureau of Mines.
The three chief uses of slab zinc are in the manufacture of zinccoated (galvanized) products, in brass making, and in the manu
facture of sheet zinc. Other minor uses are in the manufacture of
French oxide, atomized zinc dust, die castings, and slush castings,
and for desilverization of lead.
The galvanizing industry is the largest user of slab zinc and has
accounted for approximately 47 per cent of the total zinc used
in the United States during the past several years. Brass
making provides the second largest use of slab zinc and has

accounted for about 29 per cent of the total consumption during
the past five or six years. The use of zinc in brass has not, how
ever, kept pace with the general increase in consumption of
zinc during the past few years. Another important and prom
ising use of zinc is as the essential constituent of die-casting alloys.
During the last three or four years its use for this purpose has
nearly doubled.
The use of zinc in the manufacture of rolled products has re
cently decreased to some extent. This phase of zinc consumption
has been adversely affected by the decreased use of dry cells in
radio receiving sets.
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Aging of R ubber and Its R etardation by the
Surface A pplication of A ntioxygens1
D iffusion Process
Charles M oureu,2 Charles D ufraisse, and Pierre Lotte
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HE deterioration of rubber may be due to any one or a
combination of a large number of factors, such as
oxidation, depolymerization, continued vulcanization,
action of heat or light, and so on. The present paper will
deal with the preservative action of antioxygens {12, 15)
when applied on the surface of articles, and with some general
remarks on the use of antioxygens.

T

Comparison of Accelerated Aging T ests
The only test not open to criticism is one which measures
the aging of an article under actual service conditions and the
writers used it in m any control experiments. This test
has the disadvantage of consuming an excessive amount of
time and of not being suitable for a series of studies. Hence
the necessity for artificially hastening the deterioration of the
rubber articles. This accelerated aging is obtained, as is
well known, by the use of such agents as heat, light, or com
pressed oxygen used separately or simultaneously. There is
some doubt as to which accelerated aging test gives results
most similar to natural aging.
Oxygen A ging —The test using compressed oxygen, either
hot or cold, has aroused considerable interest in the last few
years. The harmful action of oxygen on rubber was recog
nized as early as the middle of last century {1, 8, lt, 7, 9, 10,
11, 18, 21, 22). In an earlier series of the publications {15)
the writers have shown that the changes caused by oxygen in
organic substances are of two distinct kinds: one is of an
ordinary chemical nature, the other, catalytic.
The first type may be represented by a stoichiometrical
equation where the quantity of matter altered is proportional
to the mass of oxygen that reacts. A typical example of this
kind of reaction is the oxidation of benzaldehyde to benzoic
acid. The extent of the reaction m ay be measured by the
quantity of oxygen which reacts according to the following
equation:
2C6H6CHO + 0 2— >2C6H5C 02H
The second kind of change due to oxygen, to which the
writers have frequently called attention since starting their
work on autoxidation, is not due entirely to the oxidation re
action. It is some secondary transformation, such as a polym
erization, in which the quantity of material transformed
bears no stoichiometric relation to the quantity of oxygen
causing such transformation. A typical example of this is
the transformation of acrolein into an insoluble resin (disacryl). This change is produced by the merest trace of oxy
gen {18, 16), a mass 0.00001 as great as the aldehyde being
sufficient. The writers have attributed this type of reaction
to the catalytic action of peroxides formed by autoxidation.
This type of change is most serious because it requires such
minute quantities of oxygen for its initiation.
In practice with styrene, drying oils, rubber, etc., these two
kinds of change occur simultaneously, their relative effects
being dependent upon the conditions under which the test is
carried out. The resultant effect will therefore be variable for
the same quantities of oxygen absorbed by identical substances.
1 R eceived A ugust 5, 1929.
* D eceased.

, C

ollège de

F

rance

, P

a r is ,

F

rance

It is therefore not necessary merely to speed up the absorp
tion of oxygen by rubber to accelerate natural aging. If in a
given experiment the loss of elastic properties is due to change
catalyzed by oxygen {20), it is useless or even harmful, accord
ing to the information desired, to facilitate the oxidizing action
too greatly. An excess of oxygen may even lead to a false
conclusion by completely changing the course of the reaction.
Thus acrolein, which' is completely transformed into disacryl
by the catalytic action of minute traces of oxygen, no longer
produces disacryl in the presence of an excess {13). Com
pressed oxygen should therefore not be used in the study of
the accelerated polymerization of acrolein.
The oxygen test, in spite of its present popularity, may not
always lead to proper conclusions in a study of the deterio
ration of rubber.
H eat A ging — Deterioration due to heat must not be con
sidered as giving a faithful picture of natural aging, even
when carried out according to the improved technical method
described by Geer (5). The test, however, does give certain
important information relative to changes that will occur at
ordinary temperature. In addition it can be used to predict
the behavior of rubber materials that are designed to operate
at elevated temperatures.
The writers have used the resistance to heat as an em
pirical test having no essential relation to the normal changes
that might occur at lower temperatures. Samples are heated
in a hot-air oven at 90° C. until the control samples show
considerable deterioration, which is about 100 hours. Differ
ent lots are placed in separate containers to avoid contamina
tion of the samples, especially the controls, by vapors or dust
of antioxygens which might be evolved from other samples.
It is not considered necessary to pass a current of air through
the oven, since rubber does not oxidize rapidly enough to
decrease noticeably the oxygen content of the air in the oven
where spontaneous circulation and renewal is relatively rapid.
The use of controls minimizes errors due to differences be
tween successive experiments.
L ight A ging —Exposure to ultra-violet light should not be
considered a practical test {2) except where objects are to be
used under similar conditions. As a matter of fact, irradia
tion with ultra-violet light introduces an additional deterio
rating factor, ozone, which does not exist under the ordinary
conditions of use. Deterioration due to ozone is an entirely
different phenomenon than that due to oxygen and is. not
subject to the same influences. Those materials giving pro
tection against ozone will, in general, not be the same as those
which afford protection against oxygen. B y special experi
ments the writers have established that “antioxygens” are
not “antiozones.” Ozone itself should be avoided in tests
where it is desired to determine experimentally the efficiency
of an antioxygen in rubber. The writers made several tests
by sunlight.
Preservation of Rubber by D iffusion Process of Antioxygens
The preservation of rubber {12) by the use of materials
having antioxygenic properties may be carried out by various
methods.
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One process, outstanding for its simplicity and efficiency,
consists in depositing the antioxygen on the surface of the
rubber and is therefore applicable to the treatment of finished
objects.
The efficiency of this process of protecting rubber might,
as a matter of fact, be advanced as an argument in favor of the
“varnish theory” (17), which attributes to the antioxygen
a mechanical role consisting simply in preventing the contact
of oxygen with the object that is liable to be oxidized. In
this process the method of using the antioxygen is similar to
the application of a varnish. However, it is shown here that
the antioxygen penetrates into the article by diffusion.
It does not, therefore, form an isolating film at the surface,
and this mode of protection by surface application cannot
be invoked in favor of the varnish theory.
A r t i c l e s T e s t e d —Experiments have been carried out on
manufactured commercial articles such as rubber sheeting,
stoppers, tubes, air containers, bathing caps, erasers, fountainpen tubes, etc. Since the properties of rubber sheeting can
be more conveniently measured in a quantitative manner,
this material has been used for the majority of tests.
M e t h o d s o f A p p l y i n g A n t i q x y g e n — ( 1 ) The antioxygen
may be spread directly on the surface of the rubber without
the use of any diluent. This process suffers from the disad
vantage that it uses too much of the active material and the
application may not be uniform.
(2) The article may be exposed to the vapors of the anti
oxygen at a temperature depending on the vapor pressure of
the antioxygen. This process may be convenient in special
cases.
(3) The most convenient method of application consists in
applying the antioxygen in a dilute condition— that is, mixed
with inert powder or a liquid to give a true solution, emulsion,
or suspension. The best results have been obtained with the
antioxygen in true solution.
A n t i o x y g e n s U s e d —The experiments carried out with
three phenols—hydroquinone, catechol, and guaiacol—are
described to demonstrate the application of the method.
Phenols were chosen as being the simplest type of compound
with which to study the phenomenon.
Note— The antioxygen action of phenols on rubber has been the sub
ject of many papers {8, 19, 1, 23, 6) since the granting of the patent to the
writers {12). Furthermore several antioxygens have come into extensive
commercial use.
P r o c e d u r e —The efficiency of the treatments was com
pared by determining the ultimate tensile strengths of three
series of samples. The first two served as controls, one re
maining unaged, and the other being aged along with the
third sample which had been treated with the antioxygen.
In order to determine the influence of the solvent used in the
treatment, the writers have measured, on different occasions,
the ultimate tensile strength of a fourth series of samples
which were aged along with the others after first being im
pregnated by the solvent. The figures given in Table I
represent the ultimate tensile strength as determined by
breaking a series of six samples given the same treatment.
The rubber sheeting was painted with the solution of the
phenol and then allowed to dry for 24 hours.
Many other experiments not recorded here were also made.
In many of these tests too strong a solution was used, for
the phenol remained for the greater part on the surface
and when it crystallized was largely lost during the further
manipulations. In practice it would be better to use more
dilute solutions even though it were necessary to make
several applications.
R e s u l t s —It is possible to show the efficiency of this
method of preserving rubber in a very striking manner.
Half of the surface of a small sample of sheet rubber may be
protected by painting one end or by dipping the lower half

in a solution of the antioxygen. If the sample is now sub
jected to the aging test (heat, light, or natural), it will
be observed that the treated end retains its elasticity whereas
the other becomes short and brittle. In order that this
experiment may be completely successful, it is necessary
that one portion of the surface remain free from all trace of
contamination by the antioxygen. It is even preferable to
protect the untouched portion against the vapors of the anti
oxygen during the aging test, especially when an oven is
■being used.
T a b le I —E ffect of I i e a t o n P ro te c tio n of R u b b e r by A n tio x y g en s
U l t im a t e T e n s il e
S tren g th pe r S tandard
C r o s s -S e c t io n a l A r e a b

A n t io x y g e n

S

ouvent

Control,
not
heated

Hydroquinone
Hydroquinone
Catechol
Guaiacol
H ydroquinone
Catechol + guaiacol
H ydroquinone
H ydroquinone
H ydroquinone
H ydroquinone
H ydroquinone
H ydroquinone
Hydroquinone
Hydroquinone
Guaiacol
Coal-tar creosote
Hydroquinone
Hydroquinone
Hydroquinone
Hydroquinone
Hydroquinone
Hydroquinone
Guaiacol
Guaiacol ^
Hydroquinone
Hydroquinone

E th yl ether0
E thyl ether0
E th yl ether0
E thyl ether0
D istilled water
D istilled water
M ethanol (99%)
"Methanol (83%)
M ethanol (52%)
E thyl alcohol (95%)
E th yl alcohol (67%)
Benzene
Acetone
Turpineol
Turpineol
M ethanol (99%) _
Benzene 10, turpineol 1
B enzene 5, ether 5
Benzene 4, acetone 5
Acetone 8, turpentine 3
E ther 10, turpineol 1
Ether 10, am yl ether 1
E ther 10, turpentine 1
B enzene 10, turpentine 1
E ther,0 applied to one
side
E ther,0 applied to both
sides

•Grams
5700
6266
5700
5700
6266
3655
6266
5433
5433
6266
6266
5700
5700
3655
6266
5433
5700
5700
5700
5700
5700
5700
5700
5700

A F T E R H E A T IN G
F O R A P P R O X . 100
H R S . A T 9 0 ° C.

N ot Treated
with
treated phenol
Grains Grams
5080c
2700
874
2125
1676
2633
1676
5390
874
700
1687
780
874
1050
2300
976
5180
2300
874
237S
304
1620
1550 < 1 5 5 0
1000 1550
1774
508
874 < 300
1665
3686
2970
4320
1676
2993'
1550 < 1 5 5 0
1550
18802700
5730
1676
6560
4020 < 700
4020 < 700

6260

870

2830

6260

870

2120

° 10 per cent solution.
b Cross-sectional area not recorded.
c T he numbers in italics poin t.out th at the diffusion process may givea remarkable preservation.

The nature of the solvent used to apply the antioxygen is of'
importance, as is shown in Table I, although it is difficult tO'
give a rule of general application. Slight influences m ay pro
foundly modify the activity of the antioxygen or even com
pletely reverse its action. However, ether seems to be th e
best solvent for use with the phenols that were tried, whereasturpentine appears to have a detrimental effect. For other
antioxygens it may be that the best solvent will not be ether.
In any case, no single solvent or mixture of solvents should beadopted for use except after careful study.
I t is highly probable that all of the antioxygen did not.
remain deposited on the surface of the rubber, but that it
penetrated into the sample either when the sample was;
swollen by the solvent or by progressive diffusion after drying.
Hence the name “diffusion process” is proposed for thismethod of protecting rubber.
The sample treated on one side only was as thoroughly pro
tected as the sheet treated on both sides, proving that theantioxygen entered and thoroughly penetrated the sample.
A commercial eraser, which hardens superficially in a few
days, was treated in a, similar manner with an ether solution of
hydroquinone. After it had dried for several weeks the sur
faces were cut away, thus removing the superficial layer of
antioxygen. The interior thus bared was perfectly protected
and did not show any change for more than a year. Theantioxygen had thus penetrated by diffusion into the interiotof the material.
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N atural A gin g T ests — Natural aging tests, in which
the objects were treated by the diffusion process and sub
jected to normal use in the dark or in the sunlight, were
started at the beginning of the writers’ investigation long be
fore their first publication (12). These tests have frequently
been repeated either by the writers or by their assistants.
The results obtained were often remarkable and establish
with certainty the value of the diffusion process.

Advantages of D iffusion Process
P rotection Is A ssu red —In all applications where it is
necessary to rely upon an efficient protection of rubber—as in
surgeons’ gloves, gas masks, aeronautics, etc.— the process
offers security to the user because it assures the protection of
his rubber articles.
P rotection M ay B e R enew ed — The antioxygen deterio
rates in use. This phenomenon has already been described
(1//). The speed of the deterioration of the catalyst varies
according to conditions, but will increase in proportion to the
work it is called upon to do— that is to say, in proportion to
the resistance which it must offer to a more energetic action of
oxygen (highly concentrated oxygen, action of heat or light).
Thus the protection given to the rubber does not last indefi
nitely and it may be worth while, especially for objects ex
posed to heat and light, to prolong the protection by a second
application of antioxygen. The process by diffusion lends
itself to renewal of the protection. It alone provides a means
of retarding deterioration after it has once begun.
P rotection Is R ational —The oxidation of the interior of
rubber articles by oxygen which diffuses is not negligible.
However, m ost of the oxidation occurs on the surface. As a
matter of fact, in the vicinity of the atmosphere the oxygen
will be m ost highly concentrated and it is in these regions that
the deteriorating action of light will occur. It is therefore in
the interests of efficiency to have a higher concentration of
antioxygen on the surface. The diffusion process fulfils this
condition and thus appears to be a rational way of applying
antioxygens to rubber.

Rem ark on Use of Antioxygens
In order to avoid disappointment, one must take ad
vantage of the general information that has been acquired
regarding the peculiarities of antioxygenic catalysis. It is
m ost important to keep always in mind the important
fact of inversion of antioxygen action—that is, the hastening
of the autoxidation and the changes that result. As the
writers have frequently stated (16), a given substance should
not be given as an antioxygen (or pro-oxygen) but, in a more
general way, as a catalyst of autoxidation, without being
precise as to the sign of the catalytic action. The sign
(positive or negative) of the catalysis depends as much on the
experimental conditions as on the nature of the catalyst.
The experiments given above furnish new examples of this
inversion of the antioxygen action of a catalyst.
There is a danger, therefore, if one does not take all the
necessary precautions, of hastening the loss of the rubber
objects in trying to protect them.
“ A ntioxygens” vs. “A ntioxidants”
Since 1921 the writers have frequently called attention to the
property, possessed by numerous materials, of preventing the
action of free oxygen on a wide range of autoxidizable substances.
They have proposed the name of "antioxygens” for these ma
terials. This term has been adopted by many workers who
publish articles dealing with antioxygenic phenomena. How
ever, certain writers use the word "antioxidant.” The writers
believe that this substitution is contrary to scientific usage and
should be avoided.
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“Antioxidant” means that which opposes oxidation. It might
therefore be thought to hinder the action of such reagents as
potassium permanganate, chromic acid, nitric acid, hydrogen
peroxide, ozone, etc. Considered in this sense "antioxygens” are
not antioxidants. Many of them are even destroyed by oxidizing
agents. In order to use “antioxygens” they must be preserved
from contact with oxidizing agents.
Some errors in thought which may arise from the use of the
term “antioxidant” are shown by the following examples:
The action of oxygen on autoxidizable substances gives as
preliminary products peroxides, which are true oxidizing agents.
"Antioxygens” are not "antioxidants,” as has just been shown,
but are in general unable to resist oxidizing agents and may there
fore be destroyed by the peroxides. Thus an article which is to
be protected against oxygen, after having been subjected to the
action of the air, will heed a greater proportion of an "antioxy
gen” to make up for that which will be destroyed by the peroxides
already formed. With the term "antioxidant” there is the risk
that this peculiarity will be forgotten and give rise to disappoint
ing results.
In the rubber industry certain workers have used exposure to
ultra-violet light as a test of the efficiency of protection against
oxygen. The deterioration caused by ultra-violet light is prob
ably due to the action of ozone. Now, “antioxygens” generally
are not "antiozones,” but are often destroyed by ozone. It is
thus a mistake to test the efficiency of antioxygens under condi
tions where ozone may be present. Free oxygen is the only
suitable material for testing, and not any oxidizing agent chosen
at random, as has been believed by certain workers, deceived by
the word “antioxidant.”
The term "antioxygen,” precise and restricted, allows of no
ambiguity.
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Form ation of B utadiene by Cracking of
Hydrocarbons
In a paper under this title which appeared on page 240 of
the March, 1930, issue of I n d u s t r i a l a n d E n g i n e e r i n g C h e m 
i s t r y , the writers discussed the possibility of butadiene formation
as an intermediate step in the production of benzene by simul
taneous polymerization and dehydrogenation of olefins. Al
though it was mentioned that Davidson had suggested such a
reaction mechanism several years ago, J. I n d . E n g . C h e m ., 1 0 ,
907 (1918), the writers regret that they overlooked the additional
evidence published in the meantime by Zanetti, Suydam, and
Offner, J. Am . Chem. Soc., 44,2036 (1922). Their results showed
that butadiene was formed from ethylene at temperatures be
tween 600° and 850° C . and also substantiated the mechanism
of aromatic formation proposed by Davidson.
P e r K. F r ö l i c h , R . S im a r d , a n d A. W h i t e
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Research and Production of the R ubber Service
Laboratories C om pany1
R. L. Sibley
T im

R u b b e r S e rv ic e

L a b o ra to rie s C om pany, N itro , W . V a.

T h e R u b b er S erv ice L a b o r a to r ie s C o m p a n y , N itr o , W . V a.

EVELOPMENTS of the past ten to fifteen years have
resulted in the growth of a large and constantly
expanding chemical industry in the Kanawha Valley
section of West Virginia. Situated near the southern end
of this valley is the town of Nitro, which was constructed
in 1918 for the manufacture of explosives. Following the
armistice the entire site was sold by the Government to a
private corporation, which has succeeded in attracting
several plants to this section. Among these companies
is the Rubber Service Laboratories Company, organized
in 1921 for the production of a specialized line of chemicals
designed for use by the rubber industry. At that time
there were few vulcanization accelerators in commercial use
and the effect of these materials in the curing of rubber
was very much less marked than is realized by the use of
present-day accelerators.

D

Products
Both anhydro formaldehyde aniline and methylene
diphenyl diamine had been extensively employed prior to
1920 as accelerators by the rubber industry. Furthermore,
the Schiff’s bases, ethylidene aniline and ethylidene dianilide, were marketed as accelerators shortly after acetaldehyde became commercially available in 1920, and both
products were found to be slightly more active in the curing
of rubber than the corresponding formaldehyde homologs.
Research work carried out by the Rubber Service Labo
ratories Company developed the fact that the simple
Schiff’s bases are not the ultimate compounds capable of
production from the reaction of an aliphatic aldehyde and a
primary amine, but that additional aldehyde can be com
bined with a simple Schiff’s base to form more complex
products (S). Moreover, such products, and particularly
the reaction product of 2-molar portions of aniline with
3-molar portions of acetaldehyde, are more active as ac
celerators than ethylidene aniline and produce a rubber
stock that ages remarkably well. Such an acetaldehyde1 R eceived February 26, 1930.

aniline product is a dark reddish brown, semi-liquid resin,
which can be hardened by treatment with formaldehyde
to produce an even more active vulcanization accelerator
readily capable of grinding and reduction to produce a light
brown powder {4).
Following the wide adoption of these accelerators by
rubber manufacturers, other aldehyde-amine products were
developed and marketed so that at the present time the
Rubber Service Laboratories Company alone is marketing
eleven products of this class. These products are designed
for use in various types of rubber compounds and some one
member of the class is adaptable for use as an accelerator
in the manufacture of practically any article made from
rubber that is cured under pressure.
A large number of products have been prepared and their
properties investigated in the laboratories of the company.
Since many aldehydes are available in commerce and since
these materials are very active, their various reaction prod
ucts, particularly with amines, have proved a wide field for
research, inasmuch as each product possesses characteristic
properties depending upon various conditions, such as
catalyst employed and other variations in reacting conditions.
This is but one of many fields of accelerating compounds
being constantly investigated.
M anufacture of A ldehyde-A m ine Products
The method of manufacturing these aldehyde-amine
reaction products has been developed so that the products
can be made to possess a uniformly consistent composition
in spite of the complexity of their nature. This is an essential
requirement and has been accomplished by carrying out
the production of the materials in a carefully designed and
accurately executed process. In the production of the
acetaldehyde-aniline product previously mentioned (2),
acetylene is first produced and is hydrolyzed to acetaldehyde
by means of an acid catalyst (mercurous sulfate-sulfuric
acid).2 Approximately 16 per cent of the acetylene is thereby
2 Licensed under Chemical Foundation patents.
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converted into acetaldehyde. This mixture of gases and
vapors is passed through a reflux condenser maintained
to about 40° C. and thence through a series of traps con
taining coke to remove mechanically all traces of acid present.
The gaseous mixture of acetaldehyde and acetylene, cooled
to a temperature between 21° and 30° C., is then led through
a series of four absorbers, each containing a quantity of aniline.
The reaction between aniline and acetaldehyde is exothermic
and a sufficient quantity of heat is evolved to maintain the
mass at the optimum reacting condition.
However, because a large volume of inert gas (acetylene)
is passed through the aniline, the heat of the reaction is
rapidly dissipated and in order to prevent the reaction
product from becoming too viscous to permit the ready flow
of gases at atmospheric pressures, sufficient steam is passed
through coils in the first absorber to maintain the temperature
of the product between 70° and 90° C.
Although the greater portion of the aldehyde is removed
from the acetaldehyde-acetylene mixture by the aniline in
the first reactor, in practice it has been found desirable to
flow the gases through the four absorbers containing aniline,
in order that all the aldehyde may be absorbed from the
mixture. The acetylene, free of acetaldehyde, is then flowed
back into the acetylene line leading to the catalyst chamber
and a further portion is converted into acetaldehyde.
Control tests are always employed upon the product in
the first reactor to recognize the end point of the reaction,
which customarily is reached after the acetaldehyde-acetylene
mixture has flowed through the aniline for from 10 to 12
hours. The reaction product is then drawn off into a cooling
tank and the aniline or partially converted aniline in the
second, third, and fourth absorbers is run into the first,
second, and third absorbers, respectively, and a fresh charge
of aniline is run into the fourth absorber. The process is,
then, substantially continuous.
In the reaction between acetaldehyde and aniline as
described, 3-molar portions of water are formed. This
water, however, is completely removed from the mass by
the large amount of acetylene flowing through the system,
so that it is not necessary to dry the product drawn from the
reactor. To remove this water from the system it is neces
sary only to interpose a reflux condenser and water trap
between each of the reactors.
Control of Processes
The progress of the reaction is observed as stated, by
means of control tests. The final product is further tested
by analysts to ascertain that the material meets required
chemical and physical tests. All products manufactured
by the company, as well as all materials employed in the
production of these products, are required to meet rigid
specifications carefully selected as a result of several years
of specialization in the field of accelerators.
In addition to the control tests observed in the manu
facture of the accelerator, no product is shipped to a customer
until it has been first tested as an accelerator in a rubber
stock and its action compared with that shown by a carefully
selected standard for each product. Although in rubbertesting practice it is customary to consider modulus of
elasticity and tensile strength at break figures to be within
experimental error if they agree within 10 per cent of each
other, the Rubber Service Laboratories Company will not
approve for shipment any product differing by more than 5
per cent from the average values over a period of time
produced by a carefully selected standard.
Laboratory Equipm ent
Because of this, the means employed in the control testing
of the accelerators is most important. A large and well-
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equipped laboratory is maintained at Nitro for plant-control
purposes as well as for testing and investigation of the
products developed in the research laboratories of the com
pany. The equipment includes a regular 60-inch mixing
mill, utilized chiefly for the milling of master batches of
rubber stocks. Such master batches are used wherever
possible in control and other testing work in order to elimi
nate all possible variations arising from the milling process.
The laboratory also has two 12-inch laboratory experimental
mills used for the milling of small batches—for example,
up to 6 pounds of rubber stock. Three 2-deck hydraulic
presses, each having a capacity of four molds, each mold
containing two rubber test pieces, GVs by 4 l/ 2 inches, are
provided for curing the rubber specimens. The presses
are so controlled that vulcanization is effected under steam
pressures regulated as desired at from 5 to 40 or more pounds
steam pressure per square inch.
The testing of the cured rubber specimens is carried out
in a separate room, the walls of which are of double tile
construction, heavily insulated, and with double doors and
windows. The temperature of the room is maintained
constant at 70° F. by thermostatic control of steam or brine
circulation. Cured rubber stocks to be tested are allowed
to stand in the room for 24 hours before being tested on the
Scott testing machine.

P r e ss R o o m , R u b b e r T e s tin g L ab o ra to ry

Bomb-aging tests of cured rubber specimens are carried
out in another room of heavy reenforced construction. The
Bierer-Davis artificial aging process (1) is followed in the
manner recommended by the authors. The equipment for
this room includes a constant-temperature water bath ac
curately maintained at 70° C. and having a capacity of
five bombs, each bomb having room for twelve rubber test
pieces.
Other equipment for curing and testing rubber includes
an open steam heater, an abrasion machine, an oven for
aging by the Geer method, a Hanovia Standard Luxor
ultra-violet lamp for determining the effect of light on rubber
stocks, and a flexing machine.
Several types of flexing machines have been designed and
tested in the laboratories. The one found m ost satisfactory
consists of four wheels, each containing twelve grooves on
their outside circumference spaced equidistant from one
another and having means for securing the test pieces of
rubber in the grooves. The test pieces project from the
wheels and are flexed twice during each revolution of the
wheel by rotating against two cylindrical metallic rolls
mounted on shafts and placed on opposite sides of the wheel.
The revolutions of the wheel are recorded on an automatic
counter and the number of revolutions before the test piece
cracks or fails is determined. The flexings are, of course,
twice the number of revolutions.
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Research on Products
Before any new product developed in the research labora
tories of the company is introduced to the rubber trade, a
complete study is made of the product in all types of rubber
stocks to determine the best ratios and effects of all com
pounding ingredients, the manner in which the various
stocks age, how they resist abrasion and flexing, whether
or not they discolor or are affected by ultra-violet and sun
light, and frequently by other special tests. In many
instances tires are built and subjected to regular road tests.

investigated in the service laboratory of the company main
tained at Akron, Ohio. This laboratory, like that at Nitro,
is equipped for carrying out all the recognized and approved
tests on rubber goods. The equipment includes two experi
mental laboratory mills, a small laboratory 3-roll calender,
two hydraulic presses, an open steam and a dry heat vulcanizer, an oven and a bomb ager, a flexing machine, a plastometer, an abrasion machine and a Scott testing machine.
It is no idle boast of the company that “service” is its middle
name.
Other Products

Service
The interest of the Rubber Service Laboratories Company
in its products does not cease as soon as its products are
sold to a customer. A number of experienced rubber com
pounders are busily engaged in calling upon rubber manu
facturers to give as much service as may be desired of them.
Studies are made of the compounding problems of the
trade and changes in practice recommended that frequently
are of great value to the customer. The technical service
given by the salesmen has always been a feature of this
company’s activities and has been greatly appreciated by
the rubber trade. Cooperation of the salesmen with the
technical staff of a rubber company results in the develop
ment of a large number of rubber compounds.
Before these rubber compounds are adopted and put into
production by the customers, the stocks are thoroughly

In addition to manufacturing twenty-four products
particularly designed for the rubber trade, the company
manufactures a number of xanthates for mineral flotation,
operates a large phenol plant, and manufactures a number
of phenol derivatives, triphenyl phosphate, sulfuryl and
thionyl chlorides, various grades of sodium sulfite and bi
sulfite, and other products.
The Rubber Service Laboratories Company last July
was merged with the Monsanto Chemical Works and is now
operated as a division of that company.
L iterature Cited
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ARIOUS theories of corrosion have been advanced
from time to time, two of which are more or less ac
cepted today. Fujihara (1) says that the initial phase
of corrosion is electrolytic, which soon forms a film on the
metal, while the secondary phase is acidic, dissolving the
protective film. According to Speller (2), films start to form
shortly after the metal comes into contact with a corroding
agent. After a film forms over an anodic area the poten
tial may be reversed, and this change of potential may occur
repeatedly, resulting in fairly uniform corrosion. We have
here a little difference of opinion as to the secondary phase
of corrosion, although all agree that the first phase is electro
lytic.
In attempting to obtain more data on the development
of rust, the author watched its development with a binocular
microscope magnifying 46 diameters. A drop of water satu
rated with oxygen was placed upon a steel specimen which had
been given a high polish. Brown spots began to appear
on the metal in 40 to 45 seconds and rust was fairly well
developed in 5 minutes. The second experiment consisted
of using water saturated with carbon dioxide. The rust
developed around the edge of the drop in 60 to SO seconds,
while the remainder of the surface did not appear to be at
tacked until from 6 to 8 minutes. No rust appeared on the
metal as in the first experiment. As shown by Fujihara
(1), rust forms quicker in the presence of carbon dioxide on
polished steel when a film is first formed, than when oxygen
only is present.
After watching the development of rust in this manner,
the author came to the conclusion that electrolytic action

V
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begins in the presence' of water according to the following
equation:
Fe + 2H+ (ionic) + 2(OH)~ = Fe++ (ionic) + 2(OH)~ + H2
The product of this reaction, ferrous hydroxide, forms a film
on the metal and protects it from further corrosion. Carbon
dioxide then reacts with this film dissolving ferrous carbonate
which is later precipitated in the form of ferric hydroxide,
when oxygen from the air dissolves in the water.
Fe(OH)j
+
Protective film

2 H 2CO3
=
Dissolved C 02

Fe(HC03)2 +
Soluble

2H20

Electrolytic action then sets in again and thus continues.
L iterature Cited
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Lac Research in India
A bill called the “Indian Lac Cess Bill” was introduced in the
Legislative Assembly of India on February 12, 1930.
Under the Act of 1921 the net proceeds of the lac cess are paid
to the Lac Association. Control of these funds is vested in a
committee of the association composed of three representatives
of Calcutta shippers, two Indian manufacturers, two Indian
brokers, one European manufacturer, and one European broker.
The Lac Association has represented to the government that
it is not in a position effectively to control research. It has
accordingly recommended that the existing Lac Cess Act be
replaced by the proposed new act providing for a continuance
of the lac cess and constituting a statutory committee. The
governments of Bihar and Orissa concur in this recommendation.
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NICHO LS M EDAL A W A R D
The William H. Nichols Medal for 1930 was presented to
Samuel E. Sheppard, assistant director of the Research Depart
ment of the Eastman Kodak Company, Rochester, N. Y., at the
meeting of the New York Section of the A m e r i c a n C h e m i c a l
S o c i e t y , the Society of Chemical Industry, the Société de
Chimie Industrielle, and the American Electrochemical Society
on March 14, 1930, in recognition of his "outstanding achieve
ment in the chemistry of photography.”
The presentation was made by R. R. Renshaw of New York
University. Doctor Renshaw opened his remarks with a tribute
to Doctor Nichols, through whose generosity the medal was
founded and whose death had occurred only about three weeks
previously. In speaking of the medal and what it stands for,
Doctor Renshaw said :
I will not recite to you the details of the rules for the award
of the William H. Nichols Medal. Suffice it to say that funds
were provided for a gold medal which may be presented annually
by the New York Section of the A m e r i c a n C h e m i c a l S o c i e t y
at its March meeting to the author of a paper or papers published

in any of the S o c i e t y ’s journals during the three calendar years
next preceding the presentation meeting, which in the judgment
of the jury will have an important influence in stimulating
original research in chemistry.
Medals have been awarded to a number of the outstanding
men of science in America for important discoveries and develop
ment in the fields of applied and theoretical chemistry. To belong
to this roster is a distinction obtainable only by a few.
To this roster of Nichols medalists belong:
1003
1905
1906
1907
1908
1908

E. B. Voorhees
1915 Irving Langmuir
C. L. Parsons
1916 C. S. Hudson
M . T. Bogert
1918 T. B. Johnson
H. B. Bishop
1920 Irving Langmuir
W. H . Walker
1921 G. N . Lewis
W. A. N oyes and
1923 Thom as M idgley, Jr.
H. C. P. Weber
1924 Charles A. Kraus
1909
L. H . Baekeland
1925 E- C. Franklin
1911
M. A. RosanofT and
1926 Sam uel C. Lind
C. W. E asley
1927 Roger Adams
1912 Charles James
1928 Hugh S. Taylor
1914 M oses Gomberg
1929 W illiam L. E vans
1930 Sam uel E. Sheppard

After the presentation of the medal Doctor Sheppard de
livered the following address.

T h e R eactions of Photographic Materials to L ight1
S. E. Sheppard
E

astm a n

K

odak

C

o m pa n y

, R

och estbk

,

N . Y.

HE value of photogra
importance.
They are, in
phy to modern life and
order of development, as fol
industry is recognized
lows: First comes the greenby this award. M y selection
l e a f synthesis of carbohy
as personal recipient of the
drates, whereby w e h a v e
honor affords a great pleasure
vegetation and, since “all flesh
and imposes an arduous duty.
is grass,” animal and human
I will speak of the pleasure
life. Next there is vision,
first— the chance to acknowl
with its organ, the eye, and
all that implies. Thirdly, we
edge the great debt which I
have photography, much less
owe to m y friends and co
fundamental, yet essential to
workers of the Eastman Labo
our present civilization. I
ratories. It is not possible
shall discuss only the last, the
to name them all, it would be
human art or technology, but
invidious to name a few, but
with the hope that its relation
one and all they are associated
to photochemistry m ay throw
with me in this honor. One,
a casual gleam upon those two
however, I may name. It
Courtesy Underwood and Underwood
great arts which nature made.
was m y friend C. E. K. Mees
The historical relation of
who first awakened m y inter
S a m u e l E. S h ep p a r d B e in g P r e s e n te d w ith t h e W illia m H .
N ic h o ls M ed a l b y R . R . R e n sh a w
photography to photochemis
est in photographic chemistry
try is not a little curious.
and who has sustained, coun
Initially the relation was very close. Photography actually
seled, and extended it ever since.
began in a photochemistry of the sheerest empiricism. It
And now I must proceed to the duty.
soon became a self-contained and rapidly evolving technology';
When I started to prepare this address, I found a more
suitable title— "The Relation of Photography to Photochem whereas photochemistry remained a chaos of unordered ob
istry.” This includes the original subject but permits a servations, faintly illumined by the candle beam of the
Grotthus-Draper absorption law and by occasional marsh
more general treatment. M y excuse for this is the belief
lights
of speculation. In the last two decades, however, the
that closer relations between photography and photochem
science of photochemistry has made rapid strides to a selfistry will be to the advantage of both.
consistent theory. It gives promise of being nourished by
W e can discern on this earth three activities related to
the revolutionary changes in the doctrines of matter and
photochemistry, which, humanly speaking, are of capital
energy which have shaken the foundations of older sciences,
and
one can hope that it will yet have its day.
Communication
N
o.
431
from
the
K
odak
1 R eceived March 20, 1930.
So far this progress has been achieved chiefly in the field of
Research Laboratories.
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Absorption of light
in the continuous re
gion produces a silver
atom (not ion) and an
excited halogen atom.
The direct photochemi
cal process in the gas
state is
Ag Hal + h v 7=1 Ag
+ Hal*
We shall see that this is
very different from the
photochemical process
in the solid state, as in
photography.
Photochemical reac
tion is not limited to
this direct decomposi
tion. This is particu
larly i m p o r t a n t for
organic photochemical
reactions. Recent in
Courtesy Underwood and Underwood
vestigations, largely ex
P r in cip a ls a t P r e se n ta tio n of N ic h o ls M ed a l to S a m u e l E. S h e p p a r d
tended by examination
Left to right: C. E. K. M ees, Wilder D . Bancroft, Sam uel E. Sheppard,
of the Raman spectra,
R . R. Rensliaw, J. G. Davidson, and Stephen P. Burke
h a v e allowed definite
Photochem ical Reactions and Photochem ical Sensitivity
energy values to be given to the chief organic linkages, such
Modern photochemistry teaches that the absorption of as:
radiation by atoms or molecules produces primarily one “ex
C .N
C :0
Linkage C-Hai C-Har O-H N -H C : C C :C C I O
70
203
12 5
257
166
A
92
101
120
98
cited” atom or molecule per quantum absorbed. This must
A
is
dissociation
energy
in
kilogram
calories
per
mol.
be qualified by limitation to the so-called “optical levels”—
i. e., excluding the penetration of cosmic and x-rays into the
atomic core. This primary action can be symbolized as fol To break these linkages by direct absorption of one quantum
lows
requires radiation in the ultra-violet, frequently in the ex
A + hv^± A*
treme ultra-violet. B ut photochemical reaction is not limited
Here v is the vibration frequency of light and h is Planck’s to these direct decompositions. Reactions can also take
constant, 6.56 X 10~27 ergs per second. Obviously the ab place when the molecule is absorbing light above the conver
solute magnitude of an energy quantum increases directly
gence limit— i. e., when it is merely “excited” to a higher en
with the frequency, or inversely as the wave length. We can
ergy level. It appears that such a molecule or atom can do
express these energies, according to convenience, as ergs,
one of several things. It m ay relax to a lower energy level,
gram-calories, or volt-electrons.
giving out either resonance or fluorescent radiation, or it may
yield up its excess energy by collisions, merely producing
U l t r a -V io l e t
I n era -R ed
V is ib l e
X in A.
2000
3950
4550
7500
10,000
heat. But in certain cases collisions with other molecules
v X 10 12 per second
1500
7 5 9 .5
659 .3
400
300
are followed by chemical reactions. In one kind of these,
hv (ergs) X 1 0 -12
9.9
4.9 7
4 .3 2
2 .6 2
2 .0
N h v (volt-electrons)
6 .2
3 .1
2 .7
1.6 4
1 .2 3
the excited molecule itself takes part in the reaction and ap
N h v (kilogram-calories
per gram-mol)
142
7 1.S
6 2 .3
3 7 .8
28.4
peal's in the product (5); in another it passes on the whole
If the quantum absorbed is of frequency beyond the con of its excess energy to another molecule, which is thereby
vergence limit of the series spectrum of the atom, or the. brought to chemical reaction (by decomposition or dissocia
tion) but remains unaffected itself. Such reactions are
band spectrum of the molecule, decomposition occurs. The
molecule splits up, the atom loses an electron. This occurs termed, “sensitized” and the original excited molecule, the
“sensitizer.”
when chlorine gas is exposed to light of wave length somewhat
It may be noted that the time period of a state of optical
shorter than 5000 A., or when sodium vapor is exposed to
excitation is usually of the order of 10"8 second, so that gen
light beyond 3200 A. It happens that when the optical
“note” is pitched too high for simple resonance the molecule or erally any time phenomena, or intermittency effects, of
greater duration m ay be held to indicate factors other than
atom cracks asunder.
excited molecular states. There are, however, certain
Evidently the yield is one atom or molecule decomposed
per quantum absorbed, in agreement with Einstein’s original metastable states known for certain atoms and molecules
principle of photochemical equivalence. At this point we which can persist indefinitely in absence of collisions. Such
metastable states have possible bearings on photochemical
may note that the three silver halides, AgCl, AgBr, and A gl,
catalysis, on so-called continuing actions of light (continuance
which are so important photographically, have been examined
as vapors spectroscopically (<5). They all behave as homo- of a reaction after illumination), and even on photographic
polar molecules, giving band spectra converging in the near latent images.
In such reactions initiated by excitation of atoms or mole
ultra-violet to a continuous spectrum.
cules the quantum yield of chemical product m ay be much
D is c o n t in u o u s
C o n t in u o u s
below or far above quantum equivalence. Lower quantum
L im it
S pec tru m
À.
A.
yields indicate interfering secondary processes, greater yields,
AgCl
3485
3500-3400
so-called “chain reactions,” in which a cycle of changes re
AgBr
339 6.6
A gi
(3500)
3150-30 50
generates an originally active molecule or atom. Such chain

gaseous system s,
whereas photography,
v i s i o n , and p h o t o 
synthesis take place in
solid and semi-solid or
c o l lo id al s y s t e m s .
Necessarily so , s i n c e
o n l y t h u s could defi
nitely contoured
images and graphs of
light action be secured.
In this sense photog
r a p h y , v i s i o n , and
photosynthesis have an
important common fac
tor in their relation to
photochemistry. And
now photography is
a ga i n a p p r o a c h i n g
photochem istry, ex
pecting an interpreta
t i o n of s om e of it s
fundamental data and
hoping for stimulus to
new technical triumphs.
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reactions m ay follow either primary decomposition reactions
of the first type, or excited molecule reactions.
P rim a ry D eco m po sitio n
and C hain
(a) C1» + hv >>2C1
(b) Cl + Hr -> H C 1 + H
(c) H + Ch- -> H C 1 + Cl
tf) -Cl + Ht
“
>-da capo

E x c it sd M o lbcul B a n d
C hain
CIi + hr'-----C Ij* + H j
> 2 H C 1*
HC1* + Ch
+ HC1

Reactions (6) and (c) m ust not be accompanied by marked
decrease of free energy for chains to be possible.
Heretofore there has been little evidence in the photochemi
cal reactions in photography of true chain reactions. It is
indeed evident that such reactions, even if possible in semi
solid systems, might soon diffuse an image and spoil definition
or resolving power. The great increase in efficiency (ef
fective sensitivity) which such a multiplying process can
achieve is attained photographically by subsequent develop
ing processes, in which traces of a primary photoproduct are
used to catalyze deposition of a solid phase upon this nucleus—
the development of a latent image. The conception of ex
cited molecules, borrowed from the spectroscopy of gases,
has been applied with success to the photochemistry of gases,
but it appears that considerable caution should be used in
applying it to photographic reactions. Since these occur in
solid or semi-solid systems, less opportunity exists of inde
pendently testing for the formation of excited molecules;
the production of fluorescence offers a possible means, how
ever, and should be applied. In a crystalline solid the com
ponent atoms or groups are confined to the execution of
small oscillations about fixed centers of equilibrium, the ampli
tude of which increases with temperature. In default of
true translatory motions, can one assume that collisions occur,
or m ust a continuous state of collisions be assumed, due to
the oscillations? The specific heats of crystalline solids
tend to zero at absolute zero. Therefore, experiments on
the temperature coefficients at low temperatures—for ex
ample, of dye sensitized silver halides—might throw light on
the hypothesis that in this case energy is transferred by rayless collisions.
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high dielectric constant of the medium. Joffé (IS) has
pointed out that the inner photo-electric effect (photoconduc
tance) with rock salt (NaCl) crystals containing microscopic
sodium particles has its wave-length threshold extended con
siderably beyond the ionization potential of sodium atoms
in vapor. Let x 0 be a critical distance of separation for an
electron of a metal (distance of effective electric image, aver
age distance from metal ion of a lattice), and D be the dielec
tric constant of the medium in which a metal particle is em
bedded. Then the energy of the field surrounding the elec
tron, starting at x0 and extending to infinity will be
Uc =

2Dxo

The analogous field in vacuo would have the energy
e‘
2xo
The difference in work required to separate the electron from
the metal in the crystal and in vacuo will be, therefore,
Uc

-

Uv

=

_

2xq
ufc

F ig u r e 1- -S p e ctra l D is tr ib u t io n of P h o to -E le c tr ic E ffect
in C e siu m V apor

P hotochem istry of Solids and Solutions
The photochemistry of solids, and to some extent of solu
tions, can profit from the study of the thermionic and photo
electric effects with solids such as metals, oxides, and salts.
In a gaseous or vapor state an atom or ion loses an electron
when excited by light of frequency equivalent to its ioniza
tion potential—i. e., in its continuous spectrum. The proba
bility of this happening for lower energy values, though not
zero, is relatively small (Figure 1), but the behavior of solid
metals and oxides indicates a notable intensification of this
process of photo-ionization caused by the close proximity of
like and unlike atoms. B y close proximity we mean inter
vals of the order of 2 to 3 A. or about 2 X 10”8 cm. Whereas
the electron emission of sodium vapor is limited almost to
light of frequency equivalent to 5.1 volts, for the solid metal
this occurs down to about 2.5 volts. In monatomic layers
electron emission has been detected at frequencies equivalent
to the resonance potential, 1.84 volts, corresponding to the
principal line of the series spectrum. Finally, in composite
films of one monatomic metal on another, or upon oxygen
on metal, still lower frequencies can release electrons. These
“sensitized” conditions of metals in thin films m ay have con
siderable bearing on certain photographic reactions.
The emission threshold is the work required to get the elec
tron out of the surface of a metal into a vacuum or rarefied
gas. If the metal is embedded in another medium, of higher
dielectric constant, it appears that this work can be reduced.
We know that the ionization of an electrolyte is favored by

If D is fairly large— e. g., 5.6 for NaCl—it will be seen that
this means more than a 50 per cent diminution of the energy
hv required to shift an electron. In the case of silver bro
mide, with H ~ 1 2 , the reduction is still greater, the critical
wave length being theoretically displaced into the infra-red.
There are photographic sensitizing effects with colloid silver
which show some approximation to these estimates.
L ight-Sensitive M aterials of Photography
Survival of the fittest has left a quite restricted number of
primary photographic materials and processes:
(1) Silver processes (silver halides and other salts); (2) iron
processes (ferric complexes with organic acids); (3) bi
chromate processes (alkaline dichromates with colloids);
(4) diazo processes; and (5) dye processes. Briefly, the
silver processes give primarily silver images; the iron proc
esses, ferrous salts which can reduce platinum or be converted
to Prussian blue; the bichromate processes give a chro
mium oxide, which can tan gelatin; the diazo-bodies lose nitro
gen when the residual diazo-body can be coupled to form a
dye; while in dye processes photosensitive dyes are bleached
by light, generally by oxidation.
Regarding these metaphorically as the digits of the photo
graphic hand, then the silver process is the thumb; it is
opposable to any of the others to form a combination process,
and practical photography lives by this rule of thumb. In
that world of compromise, photographic technology, silver
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inserts itself and survives chance and change with the adroit
ness of an expert politician.
There are good reasons for this. Silver is rather stub
bornly monovalent, so that in oxidation-reduction reactions
it swings definitely between the ionic and the metallic con
ditions. Three of the silver halides—the chloride, bromide,
and iodide—have very low solubility in water, but are readily
soluble as complexes.
They can be prepared as crystalline grains from ultramicroscopic dimensions up to crystals several microns in
diameter. (Figure 2) Suspensions of these in gelatin con
stitute the emulsions of photography. The finer grained
emulsions permit great resolving power—the reproduction
of fine lines very close together. The coarser grains permit
the highest photographic sensitivity. Both the retina of the
eye and the green-leaf chlorophyll show a discrete or granular
structure, superposed on a basic molecular discontinuity.
The retina has its rods and cones, the leaf its chloroplasts.
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A principle of limitation of action to finite areas and volumes
is indicated in each case. In photography with silver halides
this makes for a reciprocal relation between resolving power
and sensitivity. In the retina also a relation of resolving
power (visual acuity) to sensitivity is involved. B ut the
visual process is not cumulative like photography. It in
volves a photochemical stationary state, so that the acuity
(resolving power) depends statistically upon the number of
units responding per unit area at a certain level, instead
of a fixed statistical distribution of different sized units.
The biological significance of the discrete micellar character
of chlorophyll assimilation does not seem to be known.
Special Photochem istry of th e Silver Halides
These are the only photographic materials whose photo
chemical reactions have been intensively studied. Their re
actions to light may be divided broadly into: (A) pho
tography by printing out (visible-image production), and (B)
photography by development (latent-image production).
Y i s i b l e - I m a g e P r o d u c t i o n —The visible image is colloid
silver, adsorbed to silver halide or occluded in it. Silver
halides lose halogen in light, the chloride and bromide up
to 90 per cent in a vacuum (10). Apart from grosser reac
tions to chemical oxidizing agents, Koch (18) has shown that
the first traces of an image give x-ray powder diagrams identi
cal with those of metallic silver.

Vol. 22, No. 5

The initial colored product, so-called photohalide, ob
stinately retains slight excess— about 1 to 2 per cent— of silver
on extraction with nitric acid. This led Carey Lea and others
to regard the product as a subhalide, laked or mordanted by
silver halide. The physical evidence is apparently conclusive
that this residuum is colloid silver, adsorbed or occluded.
Lüppo-Cramer has shown that simultaneous coagulation of
mixed silver and silver halide hydrosols, followed by acid
extraction, gives typical photohalides. Although adsorp
tion of silver to silver halide is frequently mentioned, no one
has yet shown that silver atoms are actually adsorbed to
silver halide, with a definite energy value of the adsorption.
It m ay be possible to obtain some evidence on this by ther
mionic or photoelectric measurements. The chemical facts
could be largely accounted for by mechanical occlusion.
The silver halides are originally sensitive to light in their
own absorption bands (for optical levels) from the ultra
violet to the blue-violet. It is a remarkable fact that this
initial action "sensitizes” the material for longer w'ave lengths;
that is, the photohalide is sensitive to green and red. T he
discovery of this by Becquerel in 1840 was the first observa
tion on “optical sensitizing.” Lüppo-Cramer showed th a t
his synthetic photohalides possessed the same property—
i. e., colloid silver is the optical sensitizer. It has been known
for more than a century that the silver photohalides, particu
larly photochloride, could reproduce the spectrum, though
rather poorly. Seebeck, Poitevin, and others attempted
processes of direct color photography thereby. In the last
decade Weigert (22) has shown that in plane-polarized mono-,
chromatic light silver photochloride (in very fine grain layers)
and certain light-sensitive dyes become both dichroic and
optically anisotropic. They show definite accommodation
both to the periodicity and the orientation of the light vibra- .
tions. Recently Weigert has produced this phenomenon with
dilute suspensions of visual purple (rhodopsin) in gelatin..
In the photohalide primary excitation under these conditionsproduces a colloid-silver deposit having regular accommoda
tion to the polarization. The optical axis of the photoanisotropic system is alwrays parallel to the plane of the elec
tric vector. Moreover, the color adaptation is much more
definite than writh unpolarized light.
Wiener had explained color adaptation on broad grounds
of the principle of least action— the survival of that material!
least affected by the incident light. Direct photodichroism,
associated with photo-anisotropy, is more specific than Wien
er’s generalization would predict. N ot only is the trans
parency of the reacting layer increased for the exciting color,
but it is lessened for the neighboring wave lengths. Weigert
has been able to distinguish three chief aspects or phases of
the reaction— primary, secondary, and induced photo-aniso
tropy (photodicliroism). Primary photo-anisotropy appears
as a decomposition of silver salt, which is sensitized by pre
existing “ripening silver” (termed “Ursilber” by Weigert).
The secondary process he considers does not involve silver
salt, but is confined to a rearrangement or redistribution of
the photo-silver from the primary process. Induced photodichroism is the production of photo-silver by the primary
process in an anisotropic condition by unpolarizcd short
wave-length light, after a certain degree of photodichroism
has been produced by a preliminary exposure to planepolarized light. In other words, the preliminary orientation
set up by polarized light determines or orients a subsequent
decomposition in non-polarized light. An affiliation of this to
certain aspects of contact catalysis will be evident.
Mechanism of Pholo-Accommodalion— It should be noted
that the phenomenon is shown, not only by silver photo
halides, but by light-sensitive dyes, and will probably be
observed in other light-sensitive systems under suitable con
ditions. As Weigert points out, photo-anisotropy is likely-
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to be only an evanescent event in gaseous or liquid systems.
Like photography, it requires a solid or semi-solid medium
for persistence, being indeed to a certain extent actually an
autographic record of the wave character of the radiant
energy. Whereas the primary action definitely involves
photodecomposition of silver salt, Weigert concludes that the
secondary phase, in the photo-silver, involves no increase in
the amount of silver, and is not really photochemical. It
was found to be limited to microscopic silver particles, and is
attributed by Weigert to a new photokinetic action of light.
This is described as a deformation of micelles in consequence of
a special form of “rayless atomic collisions.” Weigert has
previously proposed a photo-electric mechanism, and else
where I have suggested a relation to sensitized photo-electric
effects in composite films. The application of strong magnetic
and electric fields to the Weigert effect, if practicable, should
yield interesting results, possibly differentiating between the
photo-electric and photokinetic hypotheses.
I have discussed the Weigert effect somewhat fully, be
cause it shows that almost the oldest photographic reaction,
the formation of visible images with silver salts, has unex
hausted potentialities for research. This field has been in
creasingly abandoned by the photographic technologist and
industrialist. Weigert’s discoveries disclose a region of
common interest to photographers, photochemists, colloid
chemists, and biologists.
L a t e n t P h o t o g r a p h i c I m a g e — It is well known that
photographic technology has turned more and more to devel
opment processes. In these an invisible or “latent” image
catalyzes a subsequent chemical process, most generally of
silver reduction. Consequently the theory of these latent
images becomes of increasing importance. The possibility
of destroying the latent image by reagents which oxidize and
dissolve silver indicates that it consists chiefly of the metal,
present in minute traces. There are two main theories as to
its origin:
(1) One theory assumes that it was already present before
the action of light, which merely changed its physical state.
Rcnwick suggested that colloid silver, present as a "negative
sol,” is coagulated by light to a "neutral gel” which can catalyze
reduction of the silver halide. Weigert’s theory is based on
his discovery of induced photo-anisotropy. He has been able
to show that in very fine grained silver halide emulsions exposure
to monochromatic plane-polarized light insufficient to produce
visible photodichroism gives an image which can be developed
to an anisotropic dichroic image. The optical properties of
the developed image depend upon the polarization and color of
the illuminating light. He suggests, like Renwick, that no
photochemical decomposition of silver halide is involved in
latent-image formation. Instead he supposes that the micellar
deformation (re-orientation) of preexisting specks of colloid
silver, with or without silver sulfide or dye, produces a more
active nucleus fpr catalyzing chemical deposition of silver on
development.
If these conceptions are correct, it might be said that almost
the last link connecting photography and photochemistry would
be severed. Photography, as based on latent-image formation
with silver halides, would depend upon an action of light entirely
sui generis, in the application of which optics and chemistry
participate in necessary but secondary roles. This would be a
very interesting conclusion surely, but we must consider the
evidence on the other side.
(2) The other main theory is that the silver of the latent
image is produced by the photolysis of silver halide, according
to the same primary reaction as the measurable decomposition.
The silver halides form crystals which, at least for the chloride
and bromide, have lieteropolar lattices. That is, they are built
of interpenetrating space lattices of positive silver ions and
negative halide ions in electrostatic balance. Silver iodide is
probably much more definitely homopolar, and its photographic
behavior indicates notable- differences from the chloride and
bromide. It has been suggested (6, IS) that the primary photoly
sis consists in a separation of electrons from the halogen ions,
followed by their acceptance by silver ions, according to the
scheme:
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B r ~ + h v - ->B r + 0
Ag + + e - ^Agmi,t.

The strongest argument that the “normal” latent image,
not optically sensitized, is produced from silver halide itself
is furnished by the spectral absorption factor. In the first
place, the spectral sensitivity curves of the silver halides
agree, about as well as could be expected, with the apparent
spectral absorption curves of the silver halides. I say appar
ent, because the determination of true absorptions for dis
persed light-scattering materials is far from easy. B ut it
certainly appears that the spectral sensitivities of silver chlo
ride, bromide, and iodide are determined by the halide, a fact
borne out by the behavior of mixtures Q l ) , whereas on
Weigert’s hypothesis they should be determined without
reference to the halogen, only by the specific silver-adsorption complex or “sensitivity speck.” In confirmation of this,
desensitizing by chromic acid and other oxidizers does not
change the relative spectral sensitivity distribution, although
greatly reducing its absolute value (16). (Figure 3)
Moreover, Toy-and Edgerton (Ê0), of the British Photo
graphic Research Association, found that the relative number
of “developable centers” produced in silver bromide grains by
exposure to monochromatic light was proportional to the
number of quanta of light absorbed by silver bromide at a
given wave length. As they point out, this relation is likely
to hold only for very insensitive silver halide, and would
undergo limitation with increased sensitivity, which depends
upon the size and distribution of sensitizing specks. But the
other evidence that sensitizing specks of silver or silver sulfide
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do not alter the spectral sensitivity indicates continuity be
tween the less sensitive and the more sensitive grains. They
appear to differ photographically, but have the same photo
chemical reaction.
Electron Loosening in Silver Halides
Valuable studies have been made by Toy and collaborators
(19) on the photoconductance of silver bromide. They show
that the threshold wave length and spectral distribution on
the long wave-length side agree closely with the light absorp
tion and with the photographic effect in latent image forma
tion. The photovoltaic effect of the system
Agmot- 1 AgBr.KBraq. I KBraq. I KBraq..AgBr I Agmol.
|
light
I
|
dark
|
has been studied by Sheppard and Vanselow. We have found
that absorption of light by the silver bromide leads to instant
production of electrons (negative potential difference in less
than 0.001 second) and free bromine. The photo-electrons
in silver bromide have a mean free path of the order 10“6 cm.,
while Lenz, from a study of the Hall magnetic effect on photo
conductance, found a value of 3 X 10“6 cm.
In agreement with these results it has been shown by
Pauling (15) that the long wave-length absorption limits of
the silver halides can be calculated on the assumption of a
photo-ionization process
Ag+Br~ + liv^±kg+ + O -1- Br
by an equation of the form
liv = (/>e + £br ~ E c
where <pe is the electrostatic part of the lattice energy, E Di
the electron affinity of bromine, and E t is a quantity termed
by Pauling “the electron affinity of the crystal.” Whereas
Pauling regards this as a function of the crystal’s diamag
netism, I am venturing to suggest (paper in preparation) that
it represents the field of a “virtual” silver metal lattice, which
comes into being as soon as the electrons are displaced from
the halogen ions.
The photo-ionization process is indeed essentially virtual.
If the electrons are not taken over by silver ions, the halogen
atoms by some acceptor, then the process must reverse and,
to secure detailed balancing, must do so witli emission of
resonance or at least fluorescent radiation. It is questionable
whether silver halide could actually react to light if abso
lutely pure, perfectly dry, and completely crystallized.
However, in the presence of gelatin, or sodium nitrite, Eggert
and Noddack (5) have shown that for low exposures silver
is produced in the proportion of one silver atom to one
quantum of light absorbed. The primary action of light is
apparently on the halide ion
Br- + hv— *-Br + 0
which is immediately followed by the combination
Ag+ + 6— s-Agmet.
Note—Siuce metallic silver is regarded as a lattice of silver cations
containing equivalent mobile gas electrons, the essential part of this coupled
reaction is approach of the cations.

Now photographic latent-image formation and sensitization
for development are essentially concerned with the aggregation
of the silver atoms. Langmuir has pointed out the importance
for reactions in solids of the interface with the resultant solid
product. The photochemical decomposition of silver halide,
as well as the development of the latent image, follows thé
rule that the reaction occurs at interfaces with certain nuclei.
In sensitizing for the latent image it is believed that pre
formed silver nuclei, too small to act as centers for develop
ment, can concentrate the silver produced by light. We have
shown in our laboratory that silver sulfide nuclei can form
sensitizing nuclei, and that the efficiency of photographic
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gelatins depends largely upon the presence of traces of organic
sulfiding compounds.
The normal function of these nuclei appears to consist
solely in concentrating the photoproduct, so that a grain
becomes developable for a lower exposure than if the same
amount of silver were atomically dispersed over the grain.
There are a number of photographic phenomena which accord
with this conception. Examples are the existence of an
optimum concentration of sensitizer and of optimum light
intensity of maximum efficiency (failure of reciprocity law).
The absorption of light, the quantum equivalence, and
amount of photoproduct, in short the photochemical sensi
tivity, are unaltered by the nuclei. Using a term introduced
by Kohlschiitter, their function in normal latent-image
formation is purely “topochemical.” This explains the func
tion of grain size. Large grains are not primarily more photochemically sensitive than smaller ones. Renwick has shown
that in the presence of small amounts of iodide the larger
grains in a silver bromide precipitate tend to contain more
iodide than the smaller ones. B ut larger grains of pure
silver bromide are photographically more sensitive than
smaller ones. The probability of their securing a sensitizing
nucleus of a certain size is proportional to their area, while
their contribution to the developed image is again proportional
to their size. This is why photographic technology cannot in
crease speed indefinitely without loss of resolving power.
The more intimate mechanism of latent-image formation
has become a subject of much speculation. Since very similar
nucleation phenomena are known in thermal decomposition
of solids—e. g., of silver oxalate— it is questionable whether
any specifically photochemical element enters into this topo
chemical phase. A question which will occur to the chemist
is the disposal of halogen— e. g-., bromine— released by light.
If this is not removed, obviously it may attack the silver and
destroy the image. There are several possibilities for the
bromine. Released as atomic bromine, the following are
a number of reactions delaying or inhibiting it from attack on
silver:
Br -f Br = Br2, molecular bromine

(1)

Ag+Br“ + Br2 = A g + B r - J r , } adsorbed bromrae
2Br2 + 2H20 = 4HBr + 0 2
— C = NH + Br2— >- — CBr.NHBr
/H B r
> N H + Br2— ?->N<
X Br

(2)
(3)
(4)

Reactions 1 and 2, molecular bromine formation and adsorp
tion to silver bromide, could only delay, not eliminate, regres
sion. Reaction 3, with water, goes over intermediate stages,
and is not a very effective halogen-removing process. The
reactions indicated in 4 could occur with certain constitu
ents of gelatin, and specifically with histidine (ca. 0.4 per
cent), arginine (ca. 10 per cent), proline (ca. 8 per cent), and
oxyproline (3 per cent). Direct experiments show that these
substances rapidly combine with molecular bromine, as does
gelatin itself. In recent experiments Vanselow and I have
observed that the combination of dilute bromine with gelatin
is considerably accelerated by light. Hence, on exposure of
gelatino-silver halide, a favorable condition exists for a limited
absorption of bromine at the grain surface. The evidence from
solarization (reversal) indicates that it is only for the higher
stages of exposure that the bromine-accepting power of the
gelatin is inadequate to prevent regression. Moreover, this
regression appears chiefly to affect the rate of development,
and not the actual number of developable grains.
Optical Sen sitizin g
The primary photographic reaction with silver halides ap
pears to be a photochemical reaction of the direct decomposi
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tion type, with unit quantum yield. I t is photographically,
not photochemically, sensitized, for the absorption region of
the silver halide. The extension of sensitivity beyond this
region by optical or photochemical sensitizing is of great im
portance. I t makes the color-blind photographic emulsion
equal, and indeed surpass, the human eye in its range. Op
tical sensitizing by certain d3 res was discovered by Vogel in
1873, but the observations of Becquerel in 1840 on the “con
tinuing action” of green and red light on silver photochloride
produced in blue light are perhaps the first record. In 1909
Liippo-Cramer showed that colloid silver was acting as the
optical sensitizer, and can do so for latent-image formation.
Recently we have shown in our laboratory that silver sulfide
can optically sensitize silver halide.
In gaseous systems an atom of a gas such as mercury, ab
sorbing in its series spectrum, or a molecule of chlorine ab
sorbing in its band spectrum, becomes excited. This excited
molecule can transfer the absorbed energy in a single act
to another molecule, by a type of inelastic collision, whereby
the assaulted molecule is decomposed. It is still an open ques
tion whether the optical sensitizing of silver halides by colloid
metals, colloid silver sulfide, and by djres is due to excitation
and rayless collisions or to another process, perhaps a photo
electric effect. It appears to be a condition of optical sensi
tizing b y colloid silver and the like that the sensitizer be sub
divided to amicroscopic particles, containing very few atoms,
and perhaps monoatomic in one dimension. Fajans and his
collaborators (7) have found that silver halide with silver
ions adsorbed is sensitized for visible decomposition by longer
waves, while adsorbed thallous ions sensitized both for visible
and latent image formation. He attributes this to a deform
ing action of the surface cations on adjacent halide ions, the
deformation being greater than in the symmetrically ar
ranged interior of the crystal. The deformed halide ions
are supposed to lose electrons for a lower energy quantum.
It is also possible that it is due to a reduction of the electro
static energy by lattice loosening. Fajans has applied the
deformation concept to the case of colloid silver sensitizing,
assuming deformation by adsorbed silver. Since there is
no quantitative evidence on the adsorption of silver, the
application remains hypothesis.
It is also possible that the sensitizing is due to a photo
electric electron emission from the silver, below its critical
threshold at about 3300 A., equivalent to 3.6 volts. This
appears reasonable for m etal particles in a salt of high di
electric capacity. In this case, however, it appears that only
a redistribution of silver atoms should take place, since for
each electron emitted by a silver atom a silver cation remains.
Delicate methods for determination of free silver have been
developed by Weigert and Ltihr {14) which may give quantita
tive data on this point.
The status of dye sensitizing is much the same. A great
amount of valuable technical information has been obtained
and the number and efficiency of such optical sensitizers enor
mously increased, but the theory of their action is still ob
scure. The hypothesis of collisional transfer of energy has
been applied here also, but is difficult to test. Leszinski,
working in Eggert’s laboratory, found that the absorption of
light by one dye molecule (of erythrosin) could give at least
20 silver atoms on visible decomposition of silver halide.
This requires something more than the collisional transfer of
energy quanta—namely, a superposed chain reaction—the
mechanism of which is not clear. Sheppard and Crouch
have found two conditions of adsorption of basic dyes to silver
bromide. One consists in approach to monomolecular layer
formation, provided the dye is in true solution i. e., if its
“concentration” at equilibrium is below its actual solubility.
Above this—from colloid solutions of the dye—multimo-
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lecular adsorption of dye micelles occurs. The maximum
effect in optical sensitizing is reached far below this level of
concentration and much below formation of a complete monomolecular layer. This indicates that sensitizing is effected
by monomolecular patches of relatively few dye molecules.
If the collision hypothesis is correct, it would seem that any
strongly adsorbed dye could act as a sensitizer for its own
absorption band. This is not the case. Although many
classes of dyes give more or less feeble sensitizing, many
strongly adsorbed dyes do not sensitize. Actually only
two groups of dyes are now practically employed as sensitizers,
the phthalein and the polymethine or cyanine type dyes.
The phthaleins, regarded as derived from the xanthene
skeleton

have obvious analogy with the acridines
/ \ / NH\ / X
V

/ NH

\ CH/

and flavines

•\ r / V

which also furnish sensitizing dyes (but also powerful op
tical desensitizers).
The existence of either two oxygens or two nitrogens, in
two stages of valency, joined by a chain of conjugated double
bonds, is the common factor. This is more strongly devel
oped in the polymethine dyes, the general reference frame of
which, for the cyanines, m ay be expressed as
G *\
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gN c /

K /g\
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where G 1G 2 are unsaturated groups such as vinyl, —CH =
CH—, / S \ or / 0 \ , while n = 0, 1, 2, etc.
This involves the carbocyanines, oxocyanines, and thiocyanines. For the isocyanines, the analogous frame is
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The presence in these of coordinatively saturated and coordinatively unsaturated atoms of nitrogen (also oxygen, in
phthaleins) joined by a system of conjugated double bonds,
makes rather plausible Baur’s (3) theory of photosensitizing
as an intramolecular electrolysis. A continuous system of
conjugated double bonds is equivalent, in a single molecular
structure, to a metallic conductor, since it permits transmit
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tance of an electron along it according to the potential at a
given point. The length of this system will determine the
mean resonance frequency for light waves. Given two atoms,
which are capable of two valency stages, sufficiently separated
by such a chain, then electrolytes could be attached by
“Anlagerung,” and activation by light absorption could bring
about actual decomposition.
\ /
r N

. ¥

+ (C20 4)

{Fe-iC-Odsl— > 2 F e“ (CaO<)2
+ (C20 4) — + 2C 02

ferrous oxalate and carbon dioxide.
The values for the quantum equivalents at different wave
lengths for the analogous ferric, cobaltic, and manganic
oxalates support this view:
C o m po u n d
D ecom posed

KsFeCCtO«)*

x-

K î C o (C î 0 4 ) s

X + Ag

KjM nCCjO iJi

À g+

-N / \

.[FefCjOi)»]
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M y colleague, A. P. H. Trivelli (21), has discussed a similar
possibility for micellar plioto-elements, with colloid silver
and silver sulfide, which would bring optical sensitizing by
these in line, formally at least, with Baur’s interpretation.
Historically, it appears that this is in direct line of descent,
through Bancroft (2) with Grotthus’ electrochemical theory of
photochemical reactions. This is the sad part of the theory,
that it is a return to a quite primitive conception. Mention
should be made also of Steigmann and Kogel’s hypothesis of
photochemical dehydrogenation and hydrogen activation.
While it would not decide the actual mechanism, investiga
tion of the intermittency failure for sensitized spectral regions
should indicate one thing. If any considerable series of inter
mediate stages is involved, as required by the last-mentioned
hypothesis, then the intermittency failure would probably be
greater than for the non-sensitized region.
To sum up, several hypotheses have been advanced to
account for optical sensitizing by dyes, but quantitative evi
dence is lacking.
Iron Compounds in Photography
The problem of optical or photochemical sensitizing meets
us again in connection with the iron processes in photography.
These are based on the reduction of ferric iron in organic com
plexes to the ferrous state. Compounds of ferric iron with
organic polybasic and hydroxy acids are used, in which the
iron is present probably as central atom in a coordinated com
plex. Examples are oxalic, citric, and tartaric acids. In a
complex like potassium ferric oxalate, the ferric atom may be
supposed coordinatively bound to oxalate radical.

Q

313 tn/i
1.59

uantum

365 —
mn
1 .1 6
1.5 0

Y

ie l d

405 m/x
0 .9 1
0 .9 0

a t

:

436 m*i
0 .8 9
0 .6 0

488 mu
1 .2 8

The theory would give a quantum equivalent of 2 if every
activated ion reacted. This value is approached with short
ened wave length, when increased activity— perhaps effective
molecular cross-section—would be expected. This reaction
was used in photography in the platinotype process. Other
iron processes— e. g., with citrate— are probably similar in
character, but have been even less studied photochemically.
B ichrom ate Processes
A number of investigations have been made on the photo
chemistry of dichromate reactions, but without very conclu
sive results. Hantszch supposes that both the soluble chromates and dichromates form optically saturated complexes,
which should be very little reactive. The solid crystals
appear to be stable in light, as also simple solutions in water,
whereas a great variety of organic substances react with di
chromates in light. This m ay be due to activated dichromate
ions reacting directly, but also suggests the possibility of a
primary dark reaction producing traces of an insoluble chro
mium oxide acting as a heterogeneous catalyst.
The reactions of dichromate with mono- and polybasic
alcohols are being investigated. Rather varying values of
the quantum equivalent, in terms of the alcohol molecules
oxidized, have been obtained. For ethyl and isopropyl al
cohol Bowen and his collaborators (/f) found approach to
unity. They suggest that the reaction takes place in a coordinative complex of the acid dichromate ion (IICi^O?)with alcohol molecules. The ion ( C 12O 7) ~ “ can be regarded
as either a single nucleus coordination complex:

( %

:r

or as a dual one:
F e+++ + 3(C20 4)-

The absorption is shifted toward the long waves, in agreement
with an initial deformation of both ions. In such a case we
can speak of the iron as an optical sensitizer (just as, accord
ing to Fajan’s conception, Ag+ is an optical sensitizer for
halogen ions, compared with the non-deforming K +, N a +,
etc.). I he absorption act is now effected in this whole com
plex. From a recent study by Allmand and Webb (1) it
appears probable that the first product is an activated com
plex ion
C20 A _
+ hv—

/
~( Fe

c,cv/
represented by a dislocation of an oxalate anion. This is
supposed to collide with another inactive ferri-oxalate anion,
giving:

In the acid ion we must assume presence of OH in place of
one oxygen atom, and this possibly acts as the coordinating
link with the alcohols. The photochemical reaction has
affinities with that of ferric complexes, as well as with the
photolysis of permanganates, tungstates, and molybdates
in presence of oxidizable organic substances. The oxide of
chromium produced in photographic layers (with cellulose,
gelatin, etc.) has been regarded as C r02 (CrCr04) or Cr20 3
(Cr(OIi)3), but its exact composition is uncertain.
Photochem istry of Organic C om pounds and Photography
With the exception of dyes, photography has made little
use of the photochemical reactions of organic compounds.
Recently the diazo reaction has again aroused interest. The
essential reaction is the destruction of the diazonium linkage
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b y light, followed by the coupling of the unexposed or residual
diazo body to form an azo dye.
R—N = N + hv— > N 2 + RX
I
X
Kogel (18) has introduced certain practical improvements.
H e has shown th at suitable photosensitive diazo compounds
and coupling agents m ay be coated together, the development
of color after exposure being effected by treatment with alkali
— e. g., ammonia.
References in the patent literature show that the possi
bilities of photo-isomerization and photo-polymerization are
receiving attention. It is possible that this interest in the
applications of organic photochemistry to photography may
grow with certain tendencies of invention. The object of
photography hitherto has been to secure permanent records,
and for this purpose the gelatino-silver halides process has
emerged practically supreme. It is feasible, however, that
another type of photography might be developed, transient
rather than permanent, resembling in fact the photographic
basis of vision. Ilech t has shown that the response of the
eye can be interpreted in terms of a photochemical stationary
state
light
S

P + A
dark

where 5 indicates visual purple (rhodopsin) and P + A
products of its photolysis which reform it in the dark. It is
conceivable that similar processes might be used in television,
if dye production could be electrochemically balanced against
its photodecomposition.

The American Illustrated Medical Dictionary. B y W. A. N e w 
m an B o rla n d .
15th edition, revised and enlarged, with the
collaboration of E. C. L. M i l l e r . 1427 pages. W. B. Saunders
Company, Philadelphia, 1929. Price, plain, S7.00; with
thumb index, S7.50.
Fully revised, with the entire text reedited by the editorial
staff of the American Medical Association under the direction of
Morris Fislibein, the 15th edition of this dictionary contains
1427 pages of material embracing terms used in medicine, surg
ery, dentistry, pharmacy, chemistry, nursing, veterinary medi
cine, and biology, many of which appear for the first time in any
dictionary.
The definitions have been prepared in language that is com
prehensive to workers in professional fields outside of medicine,
and where the descriptions include words of doubtful meaning
they can usually be explained by referring to other pages. On
this account the dictionary is invaluable to chemists who are
confronted with chemical problems connected with physiology
and toxicology. The definitions of chemical terms are clear and
concise, and while, as might be expected, the work is not allembracing from the standpoint of a chemist, it includes refer
ences to substances that are of interest to the medical profession
and to chemists and pharmacists whose activities are concerned
with remedies, tests, reactions, and other medico-chemical
questions.
While not an encyclopedia, it gives short biographical notes on
those who have played prominent parts in the development of
medicine. It tabulates biological reactions, tests, staining and
fixing methods, and reagents, and describes briefly the practical
laboratory procedure for conducting them. A table of the
actions, uses, and doses of medicinal agents is very complete.
The book is not profusely illustrated, but the pictorial designs
that have been selected are well chosen for presenting informa
tion that cannot be emphasized by words alone.
T h e w o r k s h o u ld b e in c lu d e d in t h e u p - to - d a te lib r a r y of t h e
w o r k in g c h e m is t.— H . C . F u l l e r
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C onclusion
An ultimate extinction or displacement of pure science by
its offspring, technology, is regarded as inevitable by many.
This modem version of the “Götterdämmerung” m ay be
delayed by forming and strengthening interrelations between
technology and the sciences. In the specific case of photog
raphy and photochemistry, the prospects for such interac
tion are encouraging. It is photochemistry which is ex
periencing its renascence, photography which has become
stereotyped. Both can gain by closer relations, toward which
these words are dedicated.
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Select Methods of Metallurgical Analysis. B y W m . A r c h i b a l d
N a i s h a n d J o h n E d w a r d C l E n n e l l , with Introduction by S i r
II. C. H a r o l d C a r p e n t e r . 473 pages. John Wiley & Sons,
Inc., New York, 1930. Price, S7.50, net.
In Part I of this volume Chapters I on sampling, III on general
methods of solution and separation, and IV on preparation, weigh
ing, and measuring of samples for quantitative analysis are for the
most part so general as to be of little assistance. Section I, Chapter
II, contains the usual schemes for qualitative analysis of common
metals and acid radicals. The section on the qualitative analysis
of rare metals contains valuable information which is often diffi
cult to locate in concise form. Many novel and useful direct
confirmatory tests for the metals are given.
Considerable space is devoted in Part II to descriptions of the
elements. This is regrettable in view of the brevity which
appears to be necessary in the methods of procedure, frequently
at the sacrifice of clarity even to the experienced analyst. Too
often the reader is left in doubt as to the amounts and strengths
of reagents. As is usually necessary in a single volume cover
ing such a broad subject, many references are made to other
portions of the book. The exact location of these references is
sometimes so vague as to require the reader to cover much
extraneous material.
Part III gives methods for the analysis of commercial metals,
non-ferrous alloys, iron, steel, and ferro-alloys; Part IV, pro
cedure for ores, copper, iron, lead, and tin slags, drosses, ashes,
skimmings, mattes, scrap, etc. Part V is devoted to the analysis
of refractory materials and the proximate analysis of coal. Part
VI touches the subject of electrometric titrations very briefly,
general mineral analysis, and has 21 pages on the increasingly
important subject of spectrographic analysis.
It is hoped that in future editions more space will be devoted
to the more important functions and less to portions which are
either easily available or too general in character to be of value.
The book contains a large amount of information and an-extensive
bibliography apportioned to each element is a helpful feature.—■
H. C. P a r i s h
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AM ERICAN C O N TEM PO R A RIES
Lafayette D. Vorce
AFAYETTE DENTON VORCE, small in stature, big in
heart, has accomplished more than his share in the advance
ment of the American chemical industry. His work in the
electrolytic chlorine-caustic field is important, for his part in the
development of the present circular cell has had much to do with
its predominance in the chlorine field. He
and the group with which he was associated
at Wyandotte in the early years of this
century have been responsible for probably
a considerable majority of the chlorinecaustic cells in use in America today.
He was born January 1, 1865, in what is
now part of Cleveland, Ohio, of a pioneer
family. His small stature and weak physique
as a boy convinced him that his success
must come mentally. Chemistry attracted
him early, and after early training in the
Cleveland schools he entered Case School
of Applied Science, a year after the Perkin
medalist of this year. There must have
been an electrolytic germ in the air or in the
courses at Case, for Mr. Dow’s work at
Midland shows very decided signs of the
infection. However, in both cases th e
period of incubation was extended, for sev
eral years elapsed before it broke out in
virulent form.
With Vorce these years were spent in
varied w ays. Leaving Case, he went to
Whiting, Ind., to work under W. M. Burton at the Standard
Oil refinery. Here he remained until 1896, and was in touch
with the early development in petroleum technology. On leav
ing Whiting oils of a different nature occupied his attention,
for he went back to his native town with the Cleveland Lin
seed Oil Company. For the next eleven years he was with
various companies in this field, building and operating plants in
different parts of the country. In 1907, while in Bridgeport,
Conn., he was offered a position as superintendent of the Wyan
dotte plant of the Pennsylvania Salt Manufacturing Company.
The long perjod of incubation was now over, and the electrolytic
germ, long buried in oil, came forth.
After previous unsuccessful trials of other types of cells, the
salt company had obtained the services of Arthur E. Gibbs and
the circular cell which bears his name, shortly before Vorce be
came superintendent. There were associated together at Wyan

L

dotte during the years that Mr. Vorce was superintendent other
men who have taken an important part in the chlorine industry
and in other electrolytic work—F. G. Wheeler, Y. F. Hardcastle,
Howard P. Wells, and William G. Harvey. Although the cell
was successful early, efficiencies and production were greatly
increased, and operating and construction
costs greatly reduced. The relatively high
power costs at Wyandotte at that time com
pared with the competitors at Niagara Falls
acted as a spur to this work. But while
the success of the cell was important to
Vorce, the success of the personnel was
equally so. He has always watched with
great interest the careers of those who were
associated with him there.
With the Great War came an offer of the
vice presidency of the Tennessee Copper
Company, which took him away from elec
trolytic chlorine. After two years, how
ever, he was back again as manager of the
Canadian Salt Company’s electrolytic plant
at Windsor, Ont. For six years this plant
developed under his supervision, hydroelec
tric power from Niagara and the local salt
bed combining to give low production
costs.
Leaving the Canadian Salt Company to
enter the consulting field and to look after
private interests, he supervised several in
stallations of circular cells bearing his own name, including a
large installation at the Westvaco Chlorine Products Company
at Charleston, W. Va. This work led to his definite connection
with this company as consulting engineer, where he is now carry
ing on development and experimental work in electrolytic
chlorine and associated fields.
His family life is ideal, and a visit to the Vorce’s home is a
pleasure and an inspiration. A wide interest in cultural fields
and a charming circle of friends have rounded out his life to a
satisfying whole. At technical gatherings, although he does not
seek the limelight, his picturesque mode of expression and genial
manner have endeared him to a host of friends. He would, I
am sure, rather be remembered for his influence on his friends
and associates, rather than for his accomplishments technically,
important though they may be.
W a l t o n S . S m it h

New Books
Analyse dilatoméirique des matériaux. P. C iie v e n a r d . 80 pp. Illus
trated. Dunod, Paris. Price, 35 francs.
Course In Practical Biochemistry for Students of M edicine. A. T . C am eron
and F rank D . W h it s . 222 pp. The Macmillan Co., New York.
Price
$2.75.
E ssences naturelles— extraction, caractères, emplois. C ai. isto C ra v er e
Translated from the second Italian edition by H . T atu . 602 pp. Illus
trated. D unod, Paris. Price, 80 francs.
Fabrication de la fonte m alléable. C. B u squet . 160 pp. D unod, Paris.
Price, 41 francs.
M anuel pratique de l ’ém aillage sur métaux. L o u is -E l ie M il l e n e t . 3rd
edition. 130 pp. Dunod, Paris.' Price, 26 francs.

M ineralogy: An Introduction to the Scientific Study of M inerals. H e n r y
A. M ie r s . 2nd edition, revised by H . Iy. B ow m an . 058 pp . T he M a c 
m illan C o., N ew York. Price, $8.50.
Nature and Properties of Soils. T . E y ttl et o n L yon and H arry O. B u c k man . R evised edition. 428 pp.
T he M acm illan C o., N ew York.
Price, $3.50.
N ew er K now ledge of Nutrition. E. V. M cC o llum and N in a S im m onds .
4th edition, rewritten. 594 pp. T he M acm illan Co., N ew York. Price,
$5.00.
R églage et e ssa is d e s m oteurs à explosion.
trated. D unod, Paris. Price, 74 francs.
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BOOK REV IEW S
The Making of Chemistry. B y B e n j a m i n H a r r o w . 221 pages.
12.5 X 19 cm. John Day Company, Inc., New York, 1930.
Price, S2.00.
In this volume the author "has kept two objects in view.
First, to stress leading principles only, the discoveries and
hypotheses centering around the few personalities upon which
the progress of the science has depended; secondly, to avoid in
so far as possible, technical expositions which embarrass the
non-scientific reader, and yet to explain within certain obvious
limits the significance of such hypotheses and discoveries.”
The first 52 pages are devoted to “the Ancients, to Roger
Bacon, Paracelsus, Robert Boyle, the phlogiston theory, Priestley
and oxygen, and Lavoisier and the introduction of the quantita
tive ideas.” The reviewer feels that any sketch of the history
of chemistry might well describe in more detail the great achieve
ments of the workmen of the past in the ceramic arts, metallurgy,
glass, etc.
Fundamental ideas regarding the elements and their classi
fication are represented by the contributions on Dalton, Avogadro, and Mendeljeff, with an excursion into protons, electrons,
and the atom as a "shell,” which may be a little confusing to the
non-technical reader, as is the picture of the atomic structures of
nitrogen and hydrogen in the discussion of synthetic ammonia
(pages 132-3).
The rise of organic chemistry is told in the chapters on Wohler
and Perkin. The author devotes nearly a page to one variant of
the snake story of the conception of Kekule’s benzene ring, space
that could have been devoted to Emil Fischer, who occu
pies five lines. It seems hardly worth while to quote Kolbe’s
acid criticism of van’t Hoff without giving a definite idea of the
theory of “the atom in space,” which was attacked.
A little of modern physical chemistry is treated in the chapters
on Arrhenius, the Curies and radium, and LeChatelicr and the
application of pure science to industry.
The rest of the volume is taken up with condensed chapters on
the rise of biochemistry, analytical chemistry, chemistry in
medicine and in industry, closing with a short account of chem
istry in America.
The author set himself a very difficult task in portraying the
growth and accomplishments of chemistry in so limited a space,
and for this reason the book, while containing some interesting
chapters, is not a very successful portrayal of the growth of this
great science.
One would suggest more care in giving the full name of chem
ists; "Fischer” does not necessarily mean Emil Fischer of Berlin,
and few will recognize in "Charles Eliot” the great president of
Harvard, Charles William Eliot. In the list of reference books
the volumes of “Chemistry in Industry” and "Chemistry in
Agriculture” published by the Chemical Foundation should be
included.—F. B . D a i n s
X-Ray Technology. The Production, Measurement, and Appli
cation of X-Rays. B y H. M. T e r r i l l a n d C. T. U l r e y . 256
pages. 143 illustrations. D. Van Nostrand Company, Inc.,
New York, 1930. Price, §4.50.
The purpose and scope of this new contribution to the literature
of x-ray science is best expressed in a few sentences from the
preface.
I t has been the purpose in preparing this book to present the practical
rather than the theoretical aspects of x-ray measurements as th ey are
inevitably encountered by all who choose to work in the x-ray laboratory.
Much of the contents is devoted to problems which are common to all
x-ray laboratories, but particular attention has been given to the quanti
tative measurem ents involved in x-ray therapy and in industrial applica
tions. A considerable portion of the contents may be properly classified
as x-ray engineering. M uch space has been given to the description of
instrum ents and apparatus and m ethods of using them , siuce it is recog
nized th a t in the x-ray laboratory it is often necessary to make use of special
equipm ent which cannot be obtained except by constructing it in the
laboratory workshop.

This book, therefore, covers a unique field and on this account
alone it would be truly welcome, but it is also splendidly done
by these two authors who are well qualified by training and

experience. The material is obviously meant primarily for those
people who are actually doing experimental x-ray research, since
it is concerned primarily with the tools which they are using.
It also stands as a silent protest against the large number of
users of x-ray equipment, particularly in the medical field, who
are told how to throw the switches by the salesmen of an equip
ment manufacturer and to whom beyond this the actual mech
anism of the apparatus and of the production of x-rays remains
a mystery,
Anyone concerned with the various applications of x-rays will
find the book interesting reading, even though it is not designed
to show industrial executives or research directors how x-rays
may be used in the solution of problems. One of the difficulties
which the authors must have faced in the preparation of this
volume was to decide just how exhaustively each piece of equip
ment should be described or each theoretical treatment de
veloped. In general the authors have been successful in this
respect. Naturally in a volume of this size numerous details
which are essential to good technic have been omitted, perhaps
because each type of investigation in various laboratories in
volves different details. However, the fundamentally necessary
facts are here to be found concerning the properties of moving
electrons, x-ray tubes, practical operation of x-ray tubes, highvoltage generators, voltage and current measurements, ioniza
tion measurements, total-energy measurements, wave-length
measurements, biological measurements, radiography, and x-ray
analysis.
The book is profusely illustrated and its mechanical features
and freedom from error are everything to be desired.—G. L.
C la r k

The Principles of Electroplating and Electroforming. 2nd edi
tion. B y W i l l i a m B l u m a n d G e o r g e B. H o g a b o o m . 424
pages. McGraw-Hill Book Company, 1930. Price, $4.50.
In this edition the authors have sought to improve the text
with respect to accuracy and clarity of expression. The de
velopments in the plating industry during the past six years have
necessitated the incorporation of new material, notably a chapter
on chromium plating. This chapter of 28 pages contains a dis
cussion of the composition of the plating solution, anodes, oper
ating conditions, bath formulas, and methods of analysis. Much
of the subject matter of the chapter has been provided by the
studies carried on so successfully at the Bureau of Standards, and
the authors write, therefore, with the advantage of an intimate
acquaintance with the field. Additional matter has been in
cluded in the section on brass plating. This is timely in view of
the large possibilities for development in the field of alloy plating.
The paucity of theoretical knowledge on alloy deposition should
be an incentive to investigative work in this field.
Until the appearance of this book six years ago, there was no
adequate treatise in English covering the field. The revised
edition should be of even wider interest to the practical man and
to the college student, whose course in electrochemistry generally
has neglected the subject of electrodeposition.—R. M. B u r n s
The Assay of Coal for Carbonisation Purposes. Part III—
Correlation with Coal Gas Manufacture. By J. G. K i n g a n d
E. J. E d g c o m b e . 30 pages. Department of Scientific and
Industrial Research, Fuel Research Technical Paper 24. H. M.
Stationery Office, London, 1930. Price, 9 d„ net.
This paper is a continuation of Fuel Research Technical Papers
1 and 21, which describe an "assay” apparatus designed to assist
in the laboratory examination of coals as to their suitability for
carbonization. It deals with a modification of the apparatus for
testing coals for use in gas retorts. Correlation factors are given
with results obtained in full-scale horizontal and continuous
vertical gas retorts, and with continuous vertical retorts using
5 and 10 per cent steam. Thirteen different coals of various
coking properties were included in the investigation.
It would be interesting to compare the correlation factors of
the U. S. Steel Corporation coking test with those given in this
paper.—A. C. F i e l d n e r
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U n te r s u c h u n g s m e th o d e n d e r E rd ö lin d u s tr ie .
s t i n . ix + 300 pages. 86 illustrations.

Berlin, 1930.

B y H ugo B u r -

Julius Springer,

Price, 30 marks.

The author has presented in a small compact volume informa
tion on the testing of petroleum products which is undoubtedly
of great value to European users of these materials. In his
preface he points out the gap in the German literature between
the large volume by Holde and the various pamphlets on labora
tory practice. This gap he has filled with a book neither depressingly large and detailed nor too small to be of any use.
There is enough discussion of each test to give some idea of its
theory and significance, and there are many illustrations, par
ticularly of various forms of apparatus. In many cases average
properties for typical materials are given, and for more important
products specifications are reproduced—American and British
frequently, as well as German. Recognizing the inevitable
influence of American methods on those of the consuming nations,
the author has made an effort to introduce these methods to
Europeans. Pie expresses some admiration for the exactness
and minute detail with which American testing methods are
described in our official publications, and desires something
similar for Germany. By way of making a start he has de
scribed, after the manner of the American Society for Testing
Materials, a set of thermometers for flash points, distillation
tests, melting points, etc.
In this country the book is likely to be of value chiefly to those
who manufacture petroleum products for export and who must
therefore be acquainted with foreign testing methods.—W. A.
G ru se
G r u n d la g e n

der
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S im m e r s b a c h .

3rd edition, fully revised by G. S c h n e id e r.

74 figures.
marks.

Julius Springer, Berlin, 1930.

366 pages.

Price, bound, 29

Chemists interested in the production or utilization of coke
will welcome this enlarged and revised edition of Simmersbach’s
classic on the chemistry of coke. There is no other text on this
subject in any language that covers so completely the chemistry
and physics of coke, its production.and its use. The original
work was limited to the fundamentals of blast-furnace, foundry,
and gas coke. The present work is revised extensively to bring
this information up to date and is enlarged to include present-day
knowledge of the origin and constitution of coal, low-temperature
coke, and recent work on the combustibility, reactivity, and
physical properties of coke and their relation to its utilization.
The book is divided into three parts. Part I, General, begins
with a comprehensive section on the origin and constitution of
coal. Composition is discussed in relation to the mechanism of
coke formation and the swelling, sintering, and caking properties
of coal. The European system of coal classification and numer
ous tables giving yields and composition of coke, gas, tar, light
oil, ammonia, and other products are given. The discussion of
the coking process itself is most complete and includes diagrams
and tables showing the flow of heat in the charge, effect of mois
ture in the coal, size of coal, stomping the charge, oven width,
and temperature and time of coking. Blast-furnace reactions
and the influence of the properties of coke on these reactions and
on its use in the foundry cupola are reviewed.
Part II, on coke and its properties, takes up in detail the physi
cal structure of coke, its density, porosity, strength, and chemical
composition. The influence of each chemical constituent is dis
cussed with numerous tables of composition of various cokes
from French, Belgian, German, British, and American coals.
The analyses in many cases include composition of ash and de
terminations of chlorine, phosphorus, arsenic, selenium, and the
less common chemical constituents. Recent work on reactivity,
combustibility, and ignition temperature is given adequate
consideration and the chapter concludes with a section on specific
heat, heat conductivity, calorific value, and statistics on use of
coke.
Part III, on the examination of coke, describes methods for
determining the agglutinating value, swelling properties, and
laboratory coking tests of coal; the chemical analysis of coke;
specific gravity, porosity, compression strength, resistance to
shatter, fusibility, combustibility, reactivity, and calorific value
of coke.
The book is a veritable mine of references on coke chemistry
and covers the world literature fairly well. The author might
have given more consideration to the work of foreign investiga
tors. Important omissions are the work of Thiessen and White
in America on the origin of coal, the investigation on combusti
bility of coke by Perrott and Kinney in the United States, the
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extensive researches on physical properties of coke by the British
Coke Research Committee, and the work of Audibert in France
on the relation between coal composition and coke produced.—
A. C. F i E l d n e r
Kohlenstaubfeuerungen. Bericht dem Reichskohlenrat erstat
tet im Aufträge seines technisch-wirtschaftlichen Sachverständigen-Ausschusses für Brennstoffverwendung. B y H e r 
m a n n B l E i b t r e u . 2nd edition. 495 pages.
267 figures and
48 tables. Julius Springer, Berlin, 1930. Price, 39 marks.
There have been many advances in the use of powdered coal
since the publication of the first edition of this book in 1922; at
that time but little use was being made by European plants of
this method of burning fuel. Even with this edition the author
introduces few developments which are distinctly European.
The work has been excellently done and makes a well-arranged,
complete textbook which is reasonably up to date. American
engineers who are acquainted with the subject will find little new,
nor may they consider the treatment of any one phase long
enough, but this is to be expected in such a comprehensive
book. To list the subject heads of the chapters and sections
would be to itemize every operation, type of apparatus, and pos
sible application of powdered coal. The broader subjects are:
combustion, preparation, and transportation of the fuel; con
struction of furnaces, feeders, burners, air heaters, and metering;
application of powdered coals to industrial furnaces, cement,
lime, glass, ceramic, and chemical; to metallurgical furnaces by
type; to boilers; to locomotives; and to marine boilers.
Not much space is given to combustion, but probably suffi
cient for most readers. The predrying of the coal is thoroughly
covered and full use is made of available grinding data. The
transportation of powdered coal by railroad is a German de
velopment, and its adoption in this country is not likely to be
economically desirable unless the use of powdered coal in small,
isolated power plants becomes more common. The application
of powdered coal in cement mills is covered in one page, although
that industry is the original, and now the third largest user,
whereas metallurgical applications get 90 pages. This might be
explained by the fact that the former industry does it success
fully and says nothing. An engineer interested in the appli
cation of powdered-coal firing to furnaces used in the ceramic,
lime, and other chemical industries would find those sections
very sketchy, and that the author does not report on the degree
of continuous operating success of the particular applications and
'installations that he describes. Not much space is given to the
economics of the use of powdered coal, and the author avoids con
troversial discussions.
Although American literature abounds in papers on powdered
coal and in descriptions of plants and apparatus, there is a
great need of a comprehensive textbook. If those best fitted
to write it have not the time or feel that it would too soon be
out of date, then an early translation of this book should be
made. If a new book were written, then chemical engineers
would desire that more space be given to the application of pow
dered fuel to industrial furnaces, since this adaptation has re
ceived little attention compared with that given to use in boiler
furnaces.
The author fully acknowledges his indebtedness to American
engineers both in his preface and in his many references to authors
of papers.—P. N i c h o l e s
Atlas Metallographicus. A Collection of Photomicrographs with
Descriptions. B y 'H e i n r i c h H a n e m a n n a n d A n g e l i c a
S c h r a d e r . Lieferung 6, Tafel 41-48. 64 pages. Lieferung
7, Tafel 49-56. 57 pages. Gebrüder Borntraeger, Berlin,
1929. Price, each section, 7 marks.
The first five sections of this important work have been re
viewed in two previous issues of this journal [ In d . E n g . C h e m .,
20, 448 (1928), and 22, 105 (1930)]. In accordance with the
original plan each section consists of seven or eight plates of
micrographs. Every plate is accompanied by a convenient
tabulation of information relating to composition, thermal treat
ment, etc., and nearly always by at least one page of descriptive
material.
Sections 6 and 7, now available, reach the same high standard
of excellence set by the first five. Plates 41 to 45 complete the
series on the several types of secondary structures in steels. The
remainder are devoted to the effect of the factors such as original
grain size, distribution of pearlite and cementite, carbon content,
temperature, heating, and cooling velocities, etc., which modify
the structure of steel castings on annealing.—W . H. B a s s e t t
a n d H. F. S i l l i m a n
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N ew er C h e m ic a ls
Acetaldehyde, drums, lc-1.» w ks.. .Ib.
Acetaldol, 50-gal. drum s...................lb.
A cetylene tetrachloride, sec T etrachloroethane
A m yl furoate, 1-lb. tin s.....................lb.
B u tyl carbitol, see D iethylene
glycol m onobutyl ether
Cellosolve, see E thylene glycoi
monobutyl ether
Furoate, tech., 50-gal. drum s., .lb .
Carbitol, see D iethylene glycol
m onoethyl ether
Cellosolve, see E thylene glycol
m onoethyl ether
A cetate, see E thylene glycol
m onoethyl ether acetate
Cellulose acetate, 50-lb. k eg s......... lb.
Crotonaldehyde, 50-gal. d ru m s.. . lb.
D ichloroethyl ether, 50-gal. drums lb.
D iethylene glycol, drum s................ lb.
M onobutyl ether, drum s............. lb.
M onoethyl ether, drum s............. lb.
M onom ethyl
ether,
50-gal.
drum s............................................. lb.
D iethylene oxide, 50-gal. drum s. . lb.
D ioxan, see D iethylene oxide
D iph en yl................................................. ,1b.
E th yl
acetoacetate,
50-gal
drum s............................................. lb.
Carbonate,
90% ,
50-gal
drum s........................................... gal.
C hlorocarbonate, carboys.......... lb.
Ether, absolute, 50-gal. drum s. . lb.
Furoate, 1-lb. tin s.......................... lb.
E thylene chlorhydrin, 40% , 50gal. drum s..................................... lb.
Dichloride, 50-gal. drum s........... lb.
Glycol, 50-gal. drum s................... lb.
M onobutyl ether,
drums
w ks............................................. ,1b.
M onoethyl ether, drums, wks
,1b.
M onoethyl
ether acetate
drums, w ks.............................. lb.
M onom ethyl ether, d r u m s.. .,1b.
Oxide, c y l..................................... ,1b.
Furfuramide (tech.), 100-lb.drum s .lb.
Furfuryl acetate, 1-lb. tin s ..............,1b.
Alcohol, tech., 100-lb. d r u m s ... Ib.
Furoic acid (tech.), 100-lb. drums .lb.
Lead dithiofuroate, 100-lb. drums. .lb.
M agnesium peroxide, 100-lb. cs... .,1b.
M ethyl acetate, drum s...................\ gal.
C ellosolve, see E thylene glycol
m onom ethyl ether
Furoate, tech., 50-gal. d r u m s.. . lb.
Paraldehyde, 110-55 gal. drum s. . lb.
Phosphorus oxychloride, 175 cyl... lb.
Propyl furoate, 1-lb. tin s.................. ,1b.
Strontium peroxide, 100-lb. drums .lb.
Sulfuryl chloride, 600-lb. drums
crude.............................................. lb.
D istilled.............................................,1b.
Tetrachloroethane, 50-gal. drums.,1b.
Trichloroethylene ‘50-gal. drums. lb.
Triethanolam ine, 50-gal. d r u m s.. .,1b.
V inyl chloride, 16-lb. c y l.................. lb.
Zinc dithiofuroate, 100-lb. drums.,1b.
Perborate, 100-lb. drum s............. ,1b.
Peroxide, 100-lb. drum s............... ,1b.

. 18H
.27
5 .0 0

.50

1.2 0
.32
.05
.11
.2 8
.13
.15
.50
.40
.65
1 .8 5
.30
.5 0
5 .0 0
.75
.05
.25
.23
.16
.19
.19
2 .0 0
.3 0
5 .0 0
.50
.50
1 .0 0
1 .0 0
.95
.5 0
.2 0 'A
.20
5 .0 0
1.2 5
.1 0
.3 5
.09
.1 0
.40
1.0 0
1 .0 0
1 .2 5
1 .2 5

C h e m ica ls P re v io u sly Q u o te d
Acetanilide, tech., b b ls..................
Acetic anhydride, 92-95% , cbys.. .lb.
Acetone, C. P., drums, wks...........
Acetphenetidin, bbls........................ .lb.
A d d , acetic, 28% , c/1., bbls.. 100 lbs.

.21
.2 8
.11
1.25
3 .8 8

56% , c/1., bbls.................. 100 lbs.
Glacial, c/1., bbls............. 100 lbs.
Acetylsalicylic, bbls......................lb.
Anthranilic, 99-100% , drum s., .lb.
Benzoic, tech., bbls..............
Boric, bbls............................... .........lb.
Butyric, 100% basis, cbys,.........lb.
Chloroacetic, mono-, bbls., wks.lb.
D i-, cbys..............................
Tri-, bbls.............................
Chlorosulfonic, drums, wks
Chromic, 99% , drums.
Cinnamic, b o ttle s........................lb.
Citric, U . S. P., kegs, bbls. .........lb.
Cresylic, pale, drum s.........
Formic, 90%, cbys., N . Y . ......... lb.
Gallic, U. S. P., bbls........... ......... lb.
Glycerophosphoric, 25%, 1-lb.
bot....................................... .........lb.
H , bbls., wks........................ ......... lb.
Hydriodic, 10%, U . S. P., 5-lb.
bot........................................
Hydrobromic, 48% , cbys., wks..lb.
Hydrochloric, 20 °, tanks, wks.
100 lbs.
Hydrofluoric, 30% , bbls., w k s.. lb.
60% , bbls., w ks.............. ......... lb.
Hydrofluosilicic, 35%, bbls.,
lb.
wks......................................
Hypophosphorus, 30% , U . S. P.,
5-gal. dem is...................... ___ lb.
Lactic, 22% , dark, b b ls ... ......... lb.
44% , light, bbls.. w k s... ........ lb.
M ixed, tanks, wks............... . N unit
S unit
M olybdic, 85% , kegs........ ___ lb.
N aphthionic, tech., bbls... ......... lb.
Nitric, C. P., cbys.............. ......... lb.
Nitric, 38°, c/1., cbys., wks.
. 100 lbs.
Oxalic, bbls., wks................ ......... Ib.
Phosphoric, 50% , U . S. P. ......... lb.
Picramic, bbls......................
Picric, bbls., c /1 ................... ......... lb.
Pyrogallic...............................
Salicylic, tech., bbls........... ......... lb.
Stearic, d. p., bbls., c /1 ... ......... lb.
Sulfanilic, 250-lb. bbls.. .. ......... lb.
Sulfuric, 66°, c/1., cbys., wks.
. 100 lbs.
66°, tanks, w ks................
60°, tanks, w ks................
Oleum, 20% , tanks, wks
40% , tanks, w ks........
Sulfurous, U . S. P ., 6% , cbys.. .Ib.
Tannic, tech., bbls.............. ......... lb.
Tartaric, U . S. P., cryst., bbls.. .lb.
T ungstic, kegs...................... ......... lb.
Valeric, C. P ., 10-lb. bot.. . .. . Ib.
Alcohol. U . S. P., 190 proof, bbls.
Am yl, Im p. drum s............. .........gal.
B u tyl, drums, c/1., w k s... ......... lb.
Cologne spirit, bbls............ ------ gal.
Denatured, N o. 5, comp, denat.,
c/1, drum s.....................-------gal.
N o. 1, comp, denat., drum s.gal.
Isoam yl, drum s................... .........gal.
Isobutyl, ref., drum s......... ..........lb.
Isopropyl, ref., drum s. . . .
Propyl, ref., drum s............. ......... lb.
W ood, see M ethanol
A lpha-naphthol, bbls............. ...........lb.
Alpha-naphthylam ine, bbls..
Alum, am m onia, lum p, bbls., wks.
. 100 lbs.
Chrome, casks, w ks........... . 100 lbs.
Potash, lum p, bbls., w ks.. . 100 lbs.
Soda, bbls., wks.................. . 100 lbs.
Alum inum , m etal, N . Y . . . . . ............lb.
Alum inum chloride, anhyd., com 
mercial, wks., drums extra, c/1.lb.
Aluminum stearate, 100-lb. b b l.. .lb .

7 .3 5
13.68
.85
.98
.51
.0Ù H
.85
.18
1 .0 0
2 .5 0
.04M
.1 7 H
3 .2 5
.46
.72
.1 0 H
.74
1 .4 0
.65
.67
.45
1 35
.06
.13
.11
.85
.0 4 K
.11
.07
.008
1.25
nom.
.11
5 .5 0
.1 1 ^
.14
.65
.3 0
1 .3 0
.33
• 14M
.15
1 .6 0
1 5 .5 0
1 1 .0 0
18.50
4 2 .0 0
.0 5
.3 0
.3 8
1 .4 0
2 .5 0
2 .6 6
1 .7 5
.1 7 X
2 .6 9
.4 4
.45
4 .0 0
1 .0 0
.6 0
1 .0 0
.6 5
.32
3 .3 0
5 .0 0
3 .2 0
3 .7 5
.2 4
.05
.2 5

Aluminum sulfate, coinm'l, bags,
Iron-free, bags, wks............. 100 lbs.
Aminoazobenzene, 100-lb. k e g s .. . Ib.
Ammonia, anhydrous, cyl., w ks.. .lb.
Ammonia water, 26°, drums, wks.. lb.
Ammonium acetate, k e g s .. . ,......... lb.
Bifluoride, bbls.................... .
Bromide, 50-lb. boxes......... ......... lb.
Carbonate, tech., c a sk s... ......... lb.
Chloride, gray, bbls............. 100 lbs.
Lump, casks.....................
Iodide, 25-lb. jars............... ......... lb.
N itrate, tech., cryst., bbls. .........lb.
Oxalate, k egs........................
Persulfate, cases.................. ......... lb.
Phosphate, dibasic, tech., b b ls..lb .
Sulfate, bulk, wks................. 100 lbs.
T hiocyanate, tech., k e g s .. ......... lb.
Am yl acetate, tech., d ru m s.. ......... lb.
Aniline oil, drum s................... ......... lb.
Anthracene, 80-85% , casks, wks..lb.
Anthraquinone, subl., b b ls... ......... lb.
A ntim ony, m etal.....................
A ntim ony chloride, drums .. ......... lb.
Oxide, bbls............................
Salt, dom ., bbls..............
Sulfide, crimson, bbls........
Golden, bbls..................... ......... lb.
Vermilion, bbls................ ......... lb.
T artrolactate, bbls.............
Argols, red powder, bbls....... ..........lb.
Arsenic, m etal, kegs...............
Red, kegs, cases..................
W hite, c/1., kegs.................
A sbestine, bulk, c/1.................
Barium carbonate, bbls., bags,
w ks.......................................
Chloride, bbls., wks.......... .
Dioxide, drs., wks............... ..........lb.
H ydroxide, bbls...................
N itrate, casks......................
Barium thiocyanate, 400-lb. bbis..Ib.
B arytes, floated, 350-lb. bbls,,, wks.
,. . . . ton
Benzaldehyde, tech., drums. ......... lb.
F. F. C„ cbys....................... ......... lb.
U. S, P., cbys.......................
Benzene, pure, tanks, m ills..
Benzidine base, bbls...............
B enzoyl chloride, cbys.......... ......... lb.
B enzyl acetate, F .F . C ., bottles, .lb .
Alcohol, 5-liter bot.............
Chloride, tech., d ru m s.. . . ......... lb.
B eta-naphthol, bbls................ ......... lb.
B eta-naphthylam ine, b b ls... ......... lb.
Bism uth, m etal, cases........... ......... lb.
B ism uth, nitrate, 25-lb. jars. ......... lb.
Oxychloride, boxes............. ......... lb.
Subnitrate, U. S. P., 25-lb . jars.lb .
Blanc fixe, dry, bbls.............. ......... ton
Bleaching pbwder, drums, wks.
. 100 lbs.
B one ash, k egs.........................
B one black, bbls......................
Borax, bags...............................
Bordeaux m ixture, bbls........ ............ lb.
British gum , com ., c /1 ....... . 100 lbs.
Bromine, b ot.........................................lb.
Brom obenzene, drum s.
Bromoform, jars...................
B utylacetate, drum s, c /1 ...,............lb.
Cadmium bromide, 50-lb. jars. . . .lb .
Cadm ium , m etal, cases........ ........... lb.
Cadmium sulfide, b o x e s .. . ............lb.
Caffeine, U . S. P., 5-lb. cans ............ lb.
Calcium acetate, bags.......... ,. 100 lbs.
Arsenate, bbls.................... ............lb.
Carbide, drum s.................
Chloride, drums, w k s ....,
C yanide, 100-lb. d ru m s.. ............lb.
L actate, tech., bbls..........

1.95
1 .1 5
.15M
■03 H
.33
.21
.48
.09
5 .2 5
.11
5 .2 0
.06
.30
.26
.1 2 «
2 .1 0
.36
.2 2
.15
.00
.80
.0 8
. 13
.08 «
.2 4
.25
.16
.3 8
.4 5
.0 8
.5 0
.0 9
.0 4
15 .00
68 .0 0
03 .0 0
.1 2
.04 «
.0 8
.27
23 .0 0
.60
1 .4 0
1 .1 5
.22
.6 5
1.00
.95
1 .2 5
.25
.22
.60
1 .7 0
1.85
3 .1 0
1 .6 0
75 .0 0
2 .0 0
.0 8
.0 8 «
.0 2 «
.1 2
4 .3 7
.4 5
.5 0
1.8 0
.192
1 .4 0
.9 0
.0 5
2 .7 5
4 .5 0
.07
.05
20 .0 0
.3 0
.45
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N itrate, bbls................................ . ton
Phosphate, monobas., bbls.. .. .lb .
Tribas., bbls.............................
Calcium carbonate, tech., bgs.,
.............................................. 100 lbs.
U. S. P., precip., 175-lb. bbl— , .lb.
Camphor, Jap., cases..................... .lb .
Camphor, monobrom., cs.............. .Ib.
Caramel, bbls.................................. ■gal.
Carbazole, bbls................................. .lb.
Carbon, activated, drums............. .lb.
Carbon bisulfide, drum s................ .lb.
Carbon black, cases........................ .lb.
Carbon dioxide, liq. c y l................. .lb.
Carbon tetrachloride, drums....... .lb.
Casein, stand, gr., bbls.................. .lb.
Cellulose acetate, kegs................... .lb.
Cerium oxalate, kegs...................... .lb.
Charcoal, willow, powd., b b ls .... .lb.
China clay, bulk............................. .ton
Chloral hydrate, drums................. .lb.
Chloraminę, U . S. P., 5-lb. b o t ... .lb.
Chlorine, liq., c/I., cyl.................... .lb.
Chlorobenzene, mono-, drums. .. .lb.
Chloroform, tech., drums.............. .Ib.
Chromium acetate, 20° solu., bbls.lb.
Coal tar, tanks, bbls., wks............. gal.
Cobalt, metal, kegs......................... .lb .
Cobalt oxide, bbls............................ .lb.
Cod-liver oil, bbls............................ bbl.
Collodion, drums.............................
Copperas, c/1., bulk........................ ton
Copper, metal, elec..................100 lbs.
Copper carbonate, bbls................. .lb.
Chloride, bbls............................... .lb.
Cyanide, drum s........................... .lb.
Oxide, red, bbls............................ .lb.
Sulfate, c/1., bbls................. 100 lbs.
Cotton, soluble, bbls...................... .lb.
Cream tartar, bbls.......................... .lb.
Cyanamide, bulk, N . Y.
.................................. Nitrogen unit
Diaminophenol, kegs.....................
Dianisidine, bbls.............................. .lb .
Dibutylphthalate, drums, w ks.... .lb.
Diethylaniline, drum s..................... .lb.
Diethylene glycol, 1. c. 1. lots,
drums.........................................., .Ib.
Carload lots, drums................... . .lb.
D iethyl phthalate, drums.............. .Ib.
D iethyl sulfate, tech., drum s----- .lb.
Dim ethylaniline, drums................ .lb.
D im ethylsulfate, drum s................ .lb.
Dinitrobenzene, drum s.................. .lb.
Dinitrochlorobenzene, bbls........... .lb.
Dinitronaphthalene, bbls.............. .lb.
Dinitrophenol, bbls......................... .lb.
Diphenylamine, bbls....................... .lb .
Diphenylguanidine, bbls............... .lb .
Epsom salt, tech., bbls., c /l., N . Y.
.............................................. 100 lbs.
Ether, nitrous, bot........................... • lb.
Ether, U. S. P., drum s.................. .lb.
E thyl acetate, drums, c/1............. .lb .
Bromide, drums........................... .lb .
Chloride, drum s........................... .lb.
M ethyl ketone, drum s............... .lb.
Ethylbenzylaniline, 300-lb. drums.lb.
Ethylene dichloride......................... .Ib.
Chlorohydrin, anhyd., d ru m s.. .lb.
Glycol, c/1.,wks........................... .lb.
Feldspar, bulk................................. . ton
Ferric chloride, tech., bbls............. .lb.
Ferrous chloride, cryst., bbls. . .. .lb.
Ferrous sulfide, bbls............... 100 lbs.
Fluorspar, 98%, bags................... • ton
Form aldehyde, b b ls.............................Ib.
F orm aniüne, d ru m s.............................lb.
Fuller’s earth, bags, c/I., mines, .ton
Furfural, 500-lb. drums, c/1. ......... lb.
Glauber’s salt, bbls................ .100 lbs.
Glucose, 70°, bags, d ry......... . 100 lbs.
Glycerol, C. P., d ru m s.........
G salt, bbls...............................
Hexamethylenetetramine,
tech.,
drums.................................
Hydrogen peroxide, 25 vol., bbls..lb.
Hydroquinone, kegs............... ......... lb.
Indigo, 20% , paste, bbls.. .. ......... lb.
Iodine, crude, 200-Ib. k g s ... ......... lb.
Iodine, resubl., jars................ ......... lb.
Iodoform, b o t...........................
Iridium, m etal.............. . . . . . .

IN D U S T R IA L A N D E N G IN E E R IN G C H E M IS T R Y
42 .0 0
.08
.11
1 .0 0
.0624
.60
1 .8 5
.63
.1 5
.08
.0534
.12
.06
.0624
.14
1.20
.32
.06
8 .0 0
.60
1.75
.0434
.10
.16
.0524
.07
2 .5 0
2 .1 0
30.00
.23
13.00
14.00
.13
.25
.44
.24
5 .5 0
.40
.2624
2 .0 0
3 .8 0
2 .7 0
.2534
.55
.11
.10
.24
.30
.26
.45
.1534
.13
.34
.31
.40
.30
1.70
.80
.14
.115
.50
.22
.30
1.05
.0 5
.75
.25
2 0 .0 0
.05
.06
2 .5 0
4 1 .0 0
.0724
.3724
15.00
.1 5
1 .0 0
3 .1 4
.14
.45
.4S
.0624
1 .2 5
.15
4 .2 0
4 .6 5
6 .0 0
280.00

Kicselguhr, bags
ton
Lead, m etal
100 lbs.
Lead acetate, bbls., w hite
lb.
Arsenate, bbls
lb.
Oxide, litharge, bbls........................ lb.
Peroxide, drum s
lb.
Red, bbls............................................. lb.
Sulfate, bbls........................................lb.
W hite, basic carb., bbls
lb.
Lime, hydrated, bbls................100 lbs.
Lime, live, chemical, bbls., wks.
................................................100 lbs.
Limestone, ground, bags, w k s.. . . ton
Lithium carbonate, 100-lb. k g s.. . . lb.
Lithopone, bbls...................................... lb.
M agnesite, crude
ton
Calcined, 500-lb. bbls., w k s... .to n
M agnesium, metal sticks, w k s .. . . lb.
Magnesium carbonate, bags
lb.
Chloride, drums
ton
Fluosilicate, cryst., bbls
lb.
Oxide, U . S. P., light, bbls
lb.
M anganese chloride, casks
lb.
Dioxide, 80% , bbls
ton
Sulfate, casks.....................................lb.
Mercury bichloride, cryst., 25 lb s..lb .
Mercury, flasks, 75 lbs
flask
Meta-nitroaniline, bbls
lb.
M eta-phenylenediamine, bbls
lb.
M eta-toluylenediam ine, bbls
lb.
M ethanol, pure
gal.
Denaturing grade, tan k s............. gal.
M ethyl acetone, drum s
gal.
Salicylate, cases................................lb.
Methyl chloride, cylinders
lb.
Michler’s ketone, bbls
lb.
N aphtha, solvent, tan ks.................. gal.
N aphthalene, flake, bbls.................... lb.
N ickel, m etal......................................... lb.
N ickel salt, single, bbls
lb.
Double, bbls....................................... lb.
N iter cake, bu lk...................................ton
Nitrobenzene, drum s........................... Ib.
Oil, castor, N o. 1 .................................. lb.
China wood, bbls..............................lb.
Coconut, Ceylon, tanks................. lb.
Cod, N . F., tan ks...........................gal.
Corn, crude, tanks, mills............... lb.
Cottonseed, crude, tanks............... lb.
Lard, edible, bbls..............................lb.
Linseed, bbls.......................................lb.
M enhaden, crude, tanks.............. gal.
N ea t’s-foot, pure, bbls....................lb.
Oleo, N o. 1, bbls............................... lb.
Olive oil, denat., bbls....................gal.
F oots, bbls...................................... lb.
Palm, Lagos, casks...........................lb.
Peanut, crude, bbls..........................lb.
Perilla, bbls.........................................Ib.
Rapeseed, bbls., E nglish..............gal.
Red, bbls............................................. lb.
Soy bean, crude, bbls......................lb.
Sperm, 38°, bbls............................. gal.
W hale, bbls., natural, winter, .gal.
Ortho-aminophenol, kegs................... lb.
Ortho-anisidine, drum s.......................lb.
Ortho-dichlorobenzene, drum s.. . .lb .
Ortho-nitrochlorobenzene, drums
lb.
Ortho-nitrophenol, bbls...................... lb.
Ortho-nitrotoluene, drum s.................lb.
Ortho-toluidine, bbls............................lb.
Palladium, m etal.................................. oz.
Para-aminophenol, kegs..................... lb.
Para-dichlorobenzene...........................lb.
Para-formaldehyde, cases.................. lb.
Paraldehyde, tech., drum s................ lb.
Para-nitroaniline, drum s.................... lb.
Para-nitrochlorobenzene,
drums
lb.
Para-nitrophenol, bbls.........................lb.
Para-nitrosodimethylaniline, bbls.
lb.
Para-nitrotoluene, bbls....................... lb.
Para-phenylenediamiue, bbls............lb.
Paia-toluidinc, bbls.............................. lb.
Paris Green, 250-lb. kegs................... lb.
Phenol, drum s........................................lb.
Phenolphthalein, drum s......................lb.
Phenylethyl alcohol, 1-lb. bot............lb.
Phosphorus, red, cases........................lb.
Phosphorus trichloride, cyl................ lb.
Phthalic anhydride, bbls...................lb.

6 0 .0 0
7 .7 5
.13
.1 3
.0854
.25
.0954
.0834
.0934
.85
1 .0 5
4 .5 0
1 .4 5
.0524
3 6 .0 0
5 0 .0 0
.8 5
.06
36 .0 0
.1 0
.42
.08
8 0 .0 0
.07
1.66
116.00
.6 7
.80
.67
.4034
.45
.7 3
.42
.45
3 .0 0
.35
.0534
.35
.1 3
.13
15.00
.0 9
.13
.1234
.07
.54
.0724
.0724
.13
.14
.50
.1224
.1224
1.15
.09
.0734
nom.
.1324
.80
.1034
. 1024
.84
.74
2 .1 5
2 .5 0
.0 8
.32
.85
.17
.27
46 .8 0
.99
.17
.4 0
.23
.48
.25
.45
.92
.29
1.15
.40
.2 5
.1424
1 .1 0
7 .0 0
.60
.35
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Platinum , m etal......................
Potash, caustic, drum s........
Potassium acetate, k e g s .. . .
Bicarbonate, casks............. ..........lb.
B ichromate, cask s.............. ............lb.
Binoxalate, bbls................... ......... lb.
Brom ate, cs....................... ........... lb.
Carbonate, 80-85% , calc., casks, lb i
Chlorate, kegs......................
Chloride................................
Cyanide, cases.....................
M eta-bisulfite, bbls............ ..........lb.
Permanganate, d r u m s.. . . ..........lb.
Prussiate, red, cask s.......... ...........lb.
Yellow, casks................... ......... lb.
Titanium oxalate, bbls___ ......... lb.
Pyridine, drum s.......................
Quinine bisulfate, 100 o z___
Sulfate, 100-oz. can s.........
Resorcinol, tech., k egs..........
Rochelle salt, bbls., U . S. P. .......... lb.
R salt, bbls................................
Saccharin, cans........................ ......... lb.
Salt cake, bu lk..........................
Saltpeter, gran., bbls.............. ......... lb.
Silica, ref., bags........................
Silver n itra te , 16-oz. b o t...................oz.
Soda ash , 5 8 % , light, bags, contract, wks............................100 lbs.
Soda, caustic, 76% , solid, drums,
contract, w ks.....................100 lbs.
Sodium acetate, b b ls... .. - ............. .lb.
Benzoate, bbls...............................
Bicarbonate, bbls................. 100 lbs.
Bichromate, cask s....................... .Ib
Bisulfite, bbls.................................
Bromide, bbls................................ .Ib,
Carbonate, sal soda, bb ls.. 100 lbs.
Chlorate, k egs............................... .lb,
Chloride, bags................................, ton
Cyanide, cases............................... .Ib,
Fluoride, bbls................................
M etallic, drums, 1224-lb. bricks
N aphthionate, bbls..................... .Ib.
N itrate, crude, bags, N . Y.
................................................100 lbs.
N itrite, bbls...................................
Perborate, bbls.............................. .lb.
Peroxide, cases..............................
Phosphate, trisodium ................. .lb.
Picramate, k egs............................
Prussiate, bbls...............................
Silicate, drum s, tanks, 40
................................................100 lbs.
Silicofluoride, bbls........................
Stannate, drum s........................... .lb.
Sulfate, anhyd., bbls................... .lb .
Sulfide, cryst., bbls...................... .lb.
Solid, 60 %................................. .Ib.
Sulfocyanide, bbls........................ .lb.
T hiosulfate, reg., cryst., b b ls .. .lb.
T ungstate, k egs............................
Strontium carbonate, bbls............ .lb.
N itrate, bbls.................................. .lb.
Strychnine alkaloid, 100 oz
powder........................................ . oz.
Sulfate, pow der............................ •O
Z.
Sulfur, bulk, mines, wks.................. ton
Sulfur chloride, red, drum s.......... .lb .
Y ellow, drum s............................... .lb .
Sulfur dioxide, commercial, c y l.. . .lb .
Sulfuryl chloride, drum s................
Thiocarbanilid, bb ls......................... .Ib.
Tin, Amer., stand............................. .lb .
Tin bichloride, 50% sol., bbls.. . . .lb.
Oxide, bbls...................................... .lb .
Titanium oxide, bbls., wks........... .lb .
T oluene, tan ks................................... gal.
Tribromophenol, cases................... .lb .
Triphenylguanidine, drum s.......... .lb.
Triphenyl phosphate, bbls............ .lb .
T ungsten................................... W oi unit
Urea, pure, cases.............................. .Ib.
W hiting, bags............................ 100 lbs.
X ylene, 5°, drums, m ills................ gal.
X ylidine, drum s................................ ,1b.
Zinc, metal, N . Y .............. 100 lbs.
Zinc amm onium chloride, bbls. . ,.lb.
Chloride, granulated, drum s.. .lb .
Oxide, Amer., bbls..................... .lb .
Stearate, bbls................................
Zinc dust, bbls., kegs, c /1 .............. .Ib.

57 .0 0
.0624
.29
.10
.09
.16
.35
.05*4
.0824
34 .55
.5 5
.12
.16
.39
.1834
.21
1 .75
.40
.40
1 ..20
,23
.45
1 ,,75
20.,00
0624
22. 00
.4024
1 .3 2
2 .9 0
.04
.5 0
2.41
.07
.04
.42
1 .3 0
.08
12.00
.1 8
.09
.27
.5 4
2 .1 6
.0 7 «
.2 0
.27
.0 4
.0 9
.12
1 .0 5
.0 5 «
.3 8
.0 2 «
.0 2 «
.0 3 «
.2 8
.0 2 «
.88
.0 7 «
.09
.50
.40
18.00
.05
.0 3 «
.07
.10
.2 2
.40
.1 4 «
.42
.2 2
.35
1 .1 0
.5 8
.7 0
15.50
.1 5
1 .0 0
.40
.38
5 .5 5
.0 5 «
.0 0 «
.0 7 «
.25
.0 9 «

