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E D IT O R IA L S

The Prize Essay Contest
/"'H EM ISTS have a splendid opportunity for service in 

carrying out the details of the prize essay contest made 
possible by a gift on the part of Mr. and Mrs. Francis P. 
Garvan to encourage the study of chemistry so that the 
youth of the land may appreciate what the science is doing 
for our everyday life. Six topics have been chosen by the 
committee, and the first prize of a twenty dollar gold piece 
with a certificate will be awarded in each state and the Dis­
trict of Columbia for the best essay within these geographical 
areas on each topic. Undoubtedly, efforts will be made 
within the various states to provide inducements for further 
study in the form of scholarships in the institutions of higher 
education. From among the state winners a national com­
mittee, to be announced later, will select the winners to re­
ceive the four-year scholarships at Yale or Vassar. These 
scholarships carry S500 a year and tuition, and were made 
possible by the generosity of Mr. and Mrs. Garvan.

This is not all the story, for to insure access to suitable 
literature, the reading of which will stimulate the imagination 
of contestants and indicate methods of attacking their 
problem, Mr. Garvan has provided for the distribution of 
more than ten thousand sets of five books each, these to be 
sent to the accredited secondary schools, both public and 
private, without so much as a request. A number of sets 
will also be deposited with libraries prepared to facilitate 
their circulation, and we prophesy that the coming winter 
will see a wider demand for and a more extensive reading 
of popular literature on chemical subjects than ever before. 
We all recognize that in the boys and girls lies our greatest 
opportunity to encourage chemistry. This does not mean 
that we expect all high and secondary school students to 
become chemists. It does mean that attention will be 
drawn to chemistry as a cultural study, that a wider view 
upon everyday affairs will be obtained, and that chemistry 
will be placed in the popular estimation, on a par with 
astronomy, for example, which has obtained a big hold upon 
the layman.

This is the first nation-wide plan of this kind to be evolved. 
In accepting its administration the S o c ie ty  has assumed a 
real responsibility. It is a call to the individual chemist as 
well as to the organized sections to recognize their responsi­
bility in the successful completion of the work. Everything 
possible is being done to bring the contest before the boys and 
girls, and we must expect frequent calls for assistance in 
recommending literature, sometimes in discussing the chemi­
cal wrork, and perhaps in arranging for visits to plants utilizing 
chemistry in some of its phases. There will doubtless also 
be a large number of essays to be seriously considered in the 
competition. In fact, it  is difficult to predict all the ways in 
which some service may be required. While the prizes are 
to be aw'arded to students of high school grade,' much of 
the benefit of the contest will eventually accrue to chemists 
and their science. We therefore have a direct interest in the 
success of the contest.

A prize essay committee has been organized, with the 
secretary equipped to handle inquiries which chemists and 
others may care to make. There will be ample explanatory 
literature for distribution, and it is hoped that adequate and 
proper publicity for our effort may be obtained. It is another

opportunity for chemists to showr the value of their organiza­
tion. The w'ork at its inception holds promise of marked 
success.

The American Chemical Prize
VTI/'HEN^Dr. Smith announced at Pittsburgh that the 

Allied Chemical and Dye Corporation through William
H. Nichols as spokesman had founded an annual prize of 
S25,000, the Council wisely chose a committee consisting of 
Edgar F. Smith, E. W. Morley, C. F. Chandler, F. P. Venable, 
and Ira" Remsen, to collaborate with representatives of the 
corporation in arranging the necessary details. Shortly be­
fore the New Haven meeting the death of Dr. Morley was 
announced and Theodore W. Richards has taken his place 
upon the committee. The committee was not ready to 
report at New Haven and the Council eagerly awaited its 
report at Milwaukee. The magnificent prize will be known as

TH E AMERICAN CHEMICAL PR IZE

(F ounded by the A llie d  Chem ical an d  D ye C orporation )

and “will be aw'arded annually to that chemist, man or 
woman, a citizen or resident of the United States of America 
at the time, wrho in a certain year or through a period of 
years has made a contribution of high merit or in some 
marked way has promoted the betterment of society through 
the science of chemistry.”

Our committee is to designate the additional, members of 
the A m e r ic a n  C h e m ic a l  S o c i e ty  upon the jury of award, 
and as soon as this jury can be completed and agree upon 
recommendations the first recipient of the prize will be an­
nounced. This recognition of outstanding work in chemistry 
cannot fail to benefit chemistry in America to a degree in 
comparison With which the monetary reward to the chemist 
is insignificant. Somehow, for the' encouragement of the 
large number of chemists who now work faithfully in obscure 
places, we hope the first to receive this prize will be some one 
wrho has labored in a little-known laboratory with inadequate 
facilities. We should like to see it demonstrated that a man 
with native ability and steadfast purpose can achieve things 
even though he does not have the advantages obtained in 
large institutions and centers of population. We should 
also like to see one of the younger men encouraged in his 
work, as an indication that the prize is not to go necessarily 
to the older members of the profession and to dispel the idea 
that in addition to outstanding work a man must attain 
years before he can win full recognition.

Long after those who have been instrumental in the foun­
dation of this annual prize have passed on, the science and 
the general public will continue to reap the harvest. The 
thanks of chemists are properly due to William II. Nichols, 
a past president of our S o c ie ty ,  an honorary member, and 
the recipient of many scientific honors, who has acted as 
spokesman for the Allied Chemical and Dye Corporation in 
this matter. As for our committee, nothing that can be 
said here would add to the frequent expressions of the debt 
of gratitude that American chemists owe the members of the 
committee for their continued work which has done so much 
in the past, as in the present, to bring chemistry to the fore­
front and maintain America’s position as a nation unsur­
passed in its modern chemical achievement.
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In D uncan’s Footsteps
A CCORDING to the best of our information it was the 

late Robert Kennedy Duncan who, in modern times, 
emphasized the necessity of popularizing our science in or­
der to win that sympathetic appreciation on the part of the 
public which we must have if fundamental research and 
even the industrial application of its results is to have sup­
port upon an adequate scale. The “Chemistry of Com­
merce” and other works by Duncan are classics, and form 
the nucleus of a growing series of publications which are 
not only valuable to us as chemists, but which have attracted 
so wide a circle of nontechnical readers as to make them 
commercially attractive to the publishers.

Interest in the popularization of science on the part of 
those charged with public responsibility is manifest in the 
message upon the cover of our September issue, which was 
especially prepared for In du stria l and Engineering Chem istry  
by the Secretary of Commerce, and shows an appreciation 
for science which until lately has been unique among public 
men.

The women of the country are becoming increasingly in­
terested in the application of science to everyday life. Those 
who heard Mrs. Winter at the General Meeting at Milwaukee 
could not fail to be impressed by her plea for further simplifi­
cation of scientific facts- to facilitate their assimilation by the 
intelligent lay reader. She offered the cooperation of the 
efficient organizations of American women if chemists will 
do their part in preparing the results of their labors, their 
plans for the future, and statements concerning the signifi­
cance of their work, so they may be comprehended without 
previous training in the science.

The newspapers must consider the desire of the public in 
preparing copy for their numerous editions, and subjects not 
considered news are practically debarred from their columns. 
We doubt if any organization has ever obtained more de­
sirable space in first-rate newspapers than was accorded the 
A m e r ic a n  C h e m ic a l  S o c i e ty  in connection with the Mil­
waukee meeting. We seem to have passed the stage when a 
few inches tucked away on an inconspicuous page was con­
sidered adequate by the editor. We are frequently given 
preferred space, and our stories are carried on different pages 
of the same edition.

We, who are committed to the popularization of our science 
through the publication of authentic but nontechnical 
articles, are further encouraged by the steadily changing 
attitude of those who confine their efforts to researches in 
pure science. In this group are the representatives of 
sciences other than chemistry who have come to realize that, 
to  some extent at least, the present position of chemistry in 
America is due to the willingness of even our most renowned 
chemists to have the public understand their work.

All of which means that something is happening. The 
public is asking for chemical information. The daily press 
is making a greater effort to study that demand, and the 
extent to which we may go in securing publicity depends 
wholly upon the cooperation which the chemist gives, not 
only to our A. C. S. News Service, our News Edition, and the 
publicity committees of local sections, but to the individual 
reporter bent upon serious inquiry. Sometimes we cannot 
approve the headlines employed, but these are becoming 
more satisfactory and, after all, are not so objectionable as 
would be an omission of authentic chemical information from 
the daily press.

We have established an enviable reputation in the populari­
sation of science and our influence can be greatly extended 
with your hearty cooperation.

An Appeal for Opinions
n p iM E  after time the Council of the S o c ie ty  creates a com­

mittee of busy men and charges them with the duty of 
formulating plans or making decisions upon questions of 
vital interest to the life and growth of our organization. 
Having created the committee, members of the S o c ie ty  
forget their responsibility in its work, and as a consequence 
may be disappointed in the committee’s report when it ap­
pears. We know that in many localities men are devoting 
a great deal of thought to questions now before the S o c ie ty ,  
but for some unexplained reason results of their deliberations 
are too seldom registered with those who endeavor to serve 
the S o c ie ty .  We wish to appeal to sections and individuals 
to send their criticisms and suggestions to the committees 
seeking information. Two of the committees continued—  
namely, those on intersectional meetings and the classification 
of membership—have before them questions which merit pro­
longed discussion. These questions should be discussed by the 
local sections and their recommendations transmitted through 
the executive committees. In no other way will committees 
be able to discharge their duty as they see it and perform the 
service which they desire to render. There are more than 
sixty-five sections in the A m e r ic a n  C h e m ic a l  S o c ie ty ,  and 
the Committee on Intersectional Meetings has heard from 
but twenty-nine. The Committee on Prize Essays has also 
appealed to various local sections for recommendations with 
respect to the personnel of state committees and other de­
tails. The response has been far from complete.

These and other questions should be placed upon the pro­
gram of each local section for early consideration and dis­
cussion. Do not let the matter end with discussion. By  
all means transmit to the appropriate committee or individual 
specific opinions containing suggestions along definite lines 
and, where possible, complete plans for consideration. In 
the case of questions requiring sectional action, communica­
tions should be official and not merely the expression of 
individual ideas.

Earning Power of Research
/'“\RIGINALLY, the lead from which cable sheaths are 
^  made was given a 3 per cent admixture of tin to obtain 
the necessary mechanical properties in the alloy. About 
twelve years ago the price of tin advanced, while the increase 
in the quantity required for new telephone cable construction 
became so large that research was called upon to provide 
a substitute. As a result new sheaths contain one per cent 
of antimony and in ten years the new formula has earned a 
saving approximating §6,000,000.

Another important metallurgical rqsult was an improved 
contact metal used in the millions of relays and tiny switches 
required in telephone plants and central stations. Since 1916 
this new metal has earned through savings about $13,000,000.

Another illustration of the earning power of research 
taken from the experience of the Bell system is the use of 
so-called phantom circuits. A simple circuit consists of 
two line wires. In phantoming it is possible to superimpose 
a third circuit upon two pairs of such wires, utilizing each 
pair as if it were a single line wire. At present there are 
about 400,000 miles of phantom circuit in the Bell system. 
The cost involved in obtaining these phantom circuits was 
about §9,000,000, but the cost of the additional copper '«'ire 
necessary to string simple circuits to do this work would 
have been S90,000,000.

These earnings are real and the income upon the investment 
in research which makes them possible is greater than that 
usually obtained in commercial ventures.
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Minimizing H um an Error
rP H 0 S E  who have been for long associated with the scientific 
■*- apparatus and supply business know how continually 

Americans have been told that it would be impossible, for 
three principal reasons, to produce precise ware in this coun­
try. These reasons are fundamental characteristics which 
differentiate American business methods from those of most 
other countries, and upon two of these the success of many 
an American enterprise has to a large extent depended. 
First, our standards of living make high wages necessary in 
practically every line of our activity. Second, to compete 
successfully with this unavoidable high cost, we have de­
veloped automatic or semi-automatic machinery to an un­
usually high degree. Third, the manufacture of precise 
scientific instruments requires a patience and diligence, not 
to say an actual love of one’s work, which unfortunately has 
never been characteristic of the American worker. But those 
who assured us that precision glassware, for example, would 
never be made in America, did not take into account American 
genius in providing mechanical devices which would be almost 
human in their movements, and which would not only mini­
mize errors of the workman, but provide a substitute for an 
extreme accuracy which they thought impossible in America.

We are accustomed to think of “shoes and ships and sealing 
wax,” automobiles, typewriters, sewing machines, etc., as 
standardized and produced in immense quantities, but it has 
taken Americans to standardize and produce in quantity such 
an article as an analytical buret of precision. A recent visit 
to a plant in Vineland, N. J., impressed us most of all with the 
great genius displayed in minimizing human errors and in 
attaining a quantity production of precise apparatus which 
makes it more nearly possible to compete with low wage 
standards of other countries and to surpass in quality ap­
paratus formerly made solely by hand.

We used to marvel at the skill of the glass-blower who was 
able to produce standard lengths of tubing, fairly uniform in 
diameter and thickness of wall, but here is a mechanical de­
vice which works continuously and draws tubing to a given 
size varying not more than 0.2 mm. in diameter and 0.02 mm. 
in thickness of wall, without striae or air bubbles. Such 
tubing is blown by the mile and is cut in specified lengths by an 
automatic machine as it cools.

To be sure, the graduation of a buret made from such an 
ideal piece of straight tubing is comparatively simple, and 
yet to do this mechanically, making allowances for slight but 
inevitable variations, even in machine-made tubing, is an 
accomplishment worthy of note. The tubing is first fitted 
with a stopcock and is then coated with wax upon which the 
engraving is done prior to etching. Bench marks are placed 
at intervals on the basis of weighed mercury fillings. This 
part of the process is carried out by an expert operative, using 
all possible mechanical aids. The tube is next put into the 
automatic grading machine upon which adjustments are 
made so that the major divisions coincide accurately with 
those previously determined. Each interval is automatically 
graduated with the same number of divisions, and in this 
fashion error is practically eliminated. The etching of the 
glass and the removal of the wax, followed by filling the etched 
marks with color, is but a detail.

The marked success with which ware made in this fashion 
meets the requirements of the Bureau of Standards is ample 
evidence of the success of the process. It has taken much 
expenditure of patience, energy, and capital to achieve what 
now appears simple. It show's the determination of some 
Americans never again to be dependent for essentials upon 
other sources, and if we are so constituted as a people that we 
compete with difficulty where the w'ork is tedious and often­
times uninteresting, we appear to have the ability to create

machines which will do such labor for us. It is a piece of work 
undertaken in a field where the monetary returns are not large 
and the volume of business is never great, but it indicates a 
spirit which we appreciate and applaud.

W here Lies the Difficulty?
'V \7 ’E HAVE received several comments upon a “want ad” 

' ’ by a member of the S o c i e t y  which appeared in a recent 
number of the News Edition.

The following is taken from one of these letters:
W h at is  w rong w ith  our profession  w hen  its  you n ger m em bers in sist  

u pon a d vertisin g  th em se lv es  for w ork "sa lary  u n im p ortan t,” etc .?  (I 
w on ’t  go  throu gh  th e  list.) A re w e n o t  th e  doctors o f th e  m ateria l world? 
H as n o t ev ery  trou b le in  th e  m ateria l w orld a  ch em ica l fou nd ation ?  W h y, 
th en , are th e  ch em ists  th e  p oorest p aid , th e  w orst trea ted , th e  m o st ignored  
o f p rofessional m en? D o  w e a c t  like professional men?

D o es  th e co llege  p rofessor’s in flu en ce rob th e  profession  of th e  w age  
d em an ds it s  m em bers shou ld  m ake? D oes th e  sm alln ess o f th e  college  
professor's sa lary  cau se h im  to  ad v ise  h is stu d en ts  to  accep t n iggard ly  term s?  
Or, are th e  grad u ates and ch em ists  of no greater va lu e  th an  th e sa lary  th ey  
now  earn? A re th ere too  m an y  ch em ists  or too  m an y  so-called  “ ch em ists?” 
D o es  th e  in d iv id u al ch em ist d isp en se h is k now ledge too  read ily  to  th e  laym en  
w ith  th e  desire to  appear learned , forgettin g  th a t  h e  is  robbing h is b rother  
ch em ists  o f th eir  w age? * * *

H as p rofessional d ig n ity  and d isd ain  for m on etary  m atters  dragged th e  
profession  dow n? P rob ab ly  there are m an y  m en  w ho w ork for sc ien ce’s 
sake a lon e, w ith o u t a n y  th o u g h t of u sin g  th eir  k now ledge as a  m ean s to  a 
live lih ood , b u t th e great ad van ces  in  tech n ica l w ork h a v e  been  m ad e b y  m en  
w hose bread , b u tter , and  p osition  d ep en ded  u pon  th eir g e ttin g  resu lts .

I  k now  y ou  can n ot answ er th ese  q u estion s, nor do I  exp ect y o u  to  d o  so. 
M ost of th em  m ay  be far-fetched . H ow ever, I feel th a t  a real prob lem  ex ists  
an d  th a t  som eth in g  shou ld  be d one to  so lv e  it . W e w ho are in responsible  
p osition s  should  shoulder som e o f th e  prob lem s o f th e  under d og , b ecause  
w e are n o  d o u b t in  som e sen se resp on sib le for h is s ta te  o f b ein g . I t  is  n o t an  
im p ossib le ta sk . T h e  p h ysic ian s h ave a d ign ified  profession  and  y e t  th ey  
ch arge for it , th eir  e lev a tio n  in  th e  laym en 's  m in d  increasing w ith  their  
in crease in  rates.

W h y , th en , m u st ch em ists  ad vertise  th em se lv es  as w illin g  to  w ork for 
n oth in g  or a lm ost n othing? A re our grad u ates so  n arrow ly tra ined  th a t th ey  
can  d o  o n ly  one k ind  of work? A re th e y  sin gle-track ed ? A re th e y  afraid  of 
work? H a v e  th e y  been d isillusioned? A t a n y  rate , a fter  a ch em ist (a real 
ch em ist) has served  an  ap pren ticesh ip  o f som e years, shou ld  n o t  h is aver­
a ge sa lary  com pare favorab ly  w ith  th a t o f m en in  o th er  professions? H ow  
are w e go in g  to  g e t  rid of th e  ne'er do  w ells?

As our friend states, we cannot attempt to answer all these 
questions. Graduation signifies, not the completion of one’s 
education, but its commencement. The college course is a 
success if it equips a man so that he can grasp facts readily, 
know sources of reliable information, and segregate truth 
from the mass of material offered to him. Because he can do 
these things the graduate chemist is .worth a fair wage and 
only a fair wage until he begins to become acquainted with 
the detailed work of his employer. No doubt the employer 
feels that the experience gained by the chemist should be 
reckoned as a part of his remuneration; but in too many cases 
the chemist is kept too long on probation. He should be pro­
moted in a substantial manner, given to understand that such 
promotion has not been earned, or replaced within a reason­
able time. Nothing is so deadening as uncertainty.

The Priestley Medal
rP IIE  award of the Priestley Medal to Ira Remsen is 

another evidence of the work originally undertaken 
through the enthusiasm of the late Francis C. Phillips. The 
Priestley Medal is an important award. It is a distinct 
honor which will be conferred once in three years in accor­
dance with the rules established by the Priestley Medal 
Committee. This committee has done valuable work in 
assembling letters, apparatus, and books of .Joseph Priestley, 
and placing much of this material in the old home at North­
umberland, Pa., which is being restored as a result of the com­
mittee’s further activity. There is also the portrait of 
Priestley presented to the National Museum in Washington, 
and now this gold medal which will be more and more highly 
prized as its import is understood. We congratulate Dr. 
Remsen, who is the first recipient of the medal, and believe its 
triennial award will be a further incentive to chemists to 
put forth their best efforts.
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M IL W A U K E E  M EETING

rT 'H E  events of the short five days occupied by the Sixty- 
sixth M eeting of the A m e ric a n  C h e m ic a l S o c ie ty  held at  

M ilwaukee, W is., Septem ber 10 to 14, inclusive, can be recorded 
in com paratively little  space, bu t only tim e can record the far- 
reaching effect which the developm ents a t M ilwaukee will have  
upon the future of American chemistry.

In summarizing, briefly, the outstanding features of the 
m eeting, first place m ust be given to the two prize awards which 
will be sponsored by the A m e ric a n  C h e m ic a l S o c ie ty  as a re­
sult of the generous gifts of the Allied Chemical and D ye Corpora­
tion on the one hand and M r. and Mrs. Francis P. Garvan on 
the other. Stim ulation for both the workers in chem istry and 
those who are about to begin a career is provided through these 
two m agnificent prize offers.

N ext in order of importance perhaps was the splendid scien­
tific showing m ade by the S o c ie ty  through the work of its 
divisions and sections, which provided a total of more than three 
hundred papers on a wide range of chemical and allied subjects. 
N o t only were these papers of intense interest to the assembled 
members, but m any of them  furnished interesting newspaper 
stories, thus keeping the work of the S o c ie ty  before the public.

T he great interest displayed by college men, as well as those 
identified w ith the industries, in the subject of chemical educa­
tion and the general recognition that the future of chem istry 
depends largely upon the training of the com ing chem ist, as well 
as the desire of all to m ake this training as effective as possible, 
m ight well be characterized as another outstanding feature of 
the meeting.

The award of the first Priestley M edal to Dr. Ira Remsen; 
the public m eeting a t which Mrs. Thom as G. W inter, president 
of the General Federation of W om en’s Clubs, delivered an ad­
dress full of practical suggestions for bringing chem istry hom e to 
the public; the trip to  M adison, W is.; and lastly, the splendid 
manner in which the convention was handled by the local com­
m ittee com pletes the brief survey of outstanding features, but 
by no m eans describes the various other item s of business and 
scientific interest which transpired. Entertainm ents for all 
and especially for the ladies were provided m ost lavishly by the 
local hosts.

Following the council m eeting on M onday, the m eeting was 
formally opened Tuesday morning in Plankinton H all of the 
M unicipal Auditorium. Clare H . Hall, the chairman of the  
local section, presided. W elcoming addresses were made by  
M ayor Daniel W. H oan, State Senator Oscar Morris, and Pres­
ident Albert C. Fox of M arquette University. President Frank­

lin responded for the S o c ie ty , after which two general addresses 
were delivered. Charles F . Burgess, director of the C. F. Bur­
gess Laboratories, spoke on "M arketing Chemical D iscoveries,” 
and Dean Arthur I. Kendall, of the M edical School of N orth­
western University, spoke on "Bacteria and the Chem ist.”

Special general divisional programs arranged by the D ivisions 
of Physical and Inorganic Chemistry, Organic Chemistry, and 
the Section on Chemical Education occupied the afternoon of 
the first general m eeting day. In the evening a dinner and 
entertainment were provided which turned the thoughts of those  
present from science to sociability, and a very enjoyable evening  
w as spent.

All the divisions and sections m et som e tim e W ednesday or 
Thursday, and some on both days. Sym posia on “B read,” 
"Soils, Fertilizers, and Crops,” "Synthetic M ethods,” "G elatin,” 
"Chemistry of Glandular Products,” "A ctivated Sludge,” and 
"Biological Chemistry” were held in connection w ith several 
of the divisional meetings.
„ The Section on Chemical Education held a  joint m eeting w ith  
the Division of Industrial and Engineering Chem istry and the  
M ilwaukee Chamber of Commerce. W hile few of the last group 
attended the meeting, the main object w as accomplished, be­
cause educators and industrialists were provided w ith an op­
portunity to air their views, which they did, and a  wholesome 
cooperative effort will very likely result.

M ention has already been made of tw o features of the public 
m eeting on W ednesday evening. The closing number on the  
program of the m eeting was an address b y President E. C. Frank­
lin on "System s of Acids, Bases, and Salts.”

The trip to Madison, W is., including inspection of the U ni­
versity of Wisconsin buildings and the Forest Products Labo­
ratory, proved to be very delightful to the one hundred and fifty  
or more who spent Friday as the guests of the W isconsin Section. 
Industrial excursions in M ilwaukee had been provided for those 
not desiring to make the trip to M adison.

Newspapers of M ilwaukee were quite generous w ith their 
space in recording the doings of the S o c ie ty  and it w as quite 
evident from this and from the remarks of M ayor H oan that  
chemistry has found an im portant place in the activities of the 
C ity of M ilwaukee. Doubtless the reccnt m eeting w ill help to 
impress its importance more firmly upon the public. This 
should be compensation, in a sm all w ay a t least, for the splendid  
hospitality and untiring efforts of the M ilwaukee Section in m ak­
ing the Sixty-sixth M eeting of the S o c ie ty  so successful.

G u e s t s  o f  W is c o n s in  S e c t io n  at  M a d iso n , W is
U n ivrrs ily  P hotographic L aboratory
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The Council Meeting
Past Presidents Bancroft, H erty, Hillebrand, Sm ith, and  

W hitney, the officers of the SoctETy, and 108 councilors were 
present a t the council m eeting which w as held in M ilwaukee  
on September 10.

T he Prize E ssay Contest w as announced in som e detail by the  
chairman of the com m ittee, whose report was received w ith the  
enthusiasm due an undertaking of this importance.

Edgar F. Sm ith, chairman of the com m ittee appointed after 
the Pittsburgh m eeting to  arrange all m atters relative to  the  
annual prize m ade possible b y  the Allied Chemical and D ye Cor­
poration, reported th at the com m ittee had agreed upon "The  
American Chemical Prize” as the nam e of this annual award, 
and that the jury of award is to be a self-perpetuating body con­
sisting of five representing the A m e ric a n  C h e m ic a l S o c ie ty  
and two appointed by the Allied Chemical and D y e  Corporation. 
The Council not only approved the report as presented, but em ­
powered its com m ittee, consisting of Edgar F . Sm ith, C. F. 
Chandler, F. P . Venable, Ira Rem sen, and Theodore W. R ich­
ards, to designate five who are officially to represent the S o c ie ty  
upon the jury of award.

T he application of the Section on Chemical Education to be­
come a  division was approved. A number of additional fellow­
ships have been founded since our last annual m eeting, and 
Secretary Parsons read a list of existing fellowships including 
these additions. This list will appear in the Proceedings.

Upon the m otion of the Com m ittee on the M etric System  it 
was voted that hereafter the m etric system  should be used in all 
S o c ie ty  journal articles, w ith  English equivalents in parenthe­
sis if the authors so desire. The recent announcem ent that, 
following overtures by the drug manufacturers, the Public 
H ealth Service and later the Arm y had abandoned its former 
policy of purchasing drug and m edical supplies by m etric units 
on the plea of a slight econom y, brought forth a resolution 
unanim ously passed disapproving this action and expressing 
great disappointm ent a t the step, which certainly appears to be 
a backward one.

The report of the editor of the Technologic Monographs was 
approved, as was the interim report of the Finance Committee, 
presented by the treasurer.

T he invitation of the W ashington Section to  hold the spring 
m eeting of 1924 in that c ity  in April, w ith definite date to be 
announced later, was approved. The invitation of the Cornell 
Section to  entertain the annual m eeting in 1924 w as unanimously 
accepted.

The Advisory Com m ittee, having given careful consideration 
to the financial needs of the local sections, brought in a recom­
m endation that beginning w ith 1924 local sections be given a 
rebate of $5.00 on each new member paying $15.00 dues, and 
$2.50 on any nonmember reinstated in membership after an 
interval of tw o years, provided this membership is originally 
transm itted to  Secretary Parsons and rebate claimed by the  
secretary of the local section or the chairman of its membership 
com mittee.

I t  was voted that the Com m ittee on Chemical Education of 
the D ivision of Chemical Education be made a  com m ittee of the 
Council.

W hen the Com m ittee on Progress in Society Procedure re­
ported at N ew  H aven, its recom m endation for the establishm ent 
of tw o special com m ittees, one to  investigate the question of 
intersectional or regional m eetings and the other the classifi­
cation of membership, w as adopted. B oth  questions are com ­
plicated by a number of factors, and while the Council sees the  
wisdom  of proceeding very slowly, there was som e disappoint­
m ent that circumstances made it  impossible for more than prog­
ress reports to  be made. One of the conditions has been the 
failure of m any local sections to  express their view s on these 
questions. B oth com m ittees were continued and will endeavor

to m ake reports a t the W ashington m eeting, bu t no progress can 
be made b y  them  unless those individuals and groups which  
have given thought to  these m atters express their view s to the  
chairmen of the respective com m ittees.

B oth these com m ittees having sprung from work before the  
Com m ittee on Progress in Society Procedure, it  occurred to sev­
eral individual councilors that m uch tim e m ight have been gained 
had som e member of the older com m ittee been placed upon each 
of these new com m ittees, so that som e continuity in the work 
m ight have been m aintained and the duplication of certain effort 
thereby avoided.

A  new local section, w ith headquarters a t S tate College, Pa., 
w as authorized as soon as certain formal requirements have been 
m et. The report of the Supervisory Com m ittee on Standard  
M ethods of Analysis was referred to  the Advisory Com m ittee  
and the m otion to  perm it student members to becom e enrolled 
in Septem ber w ith dues of $3.50 for the balance of the year was 
approved. The editors were reelected.

Another recommendation of the Council a t N ew  H aven  
creating an Executive Com m ittee to replace the present Com­
m ittee on N ational Policy, to have the usual powers of an execu­
tive com m ittee and to have full authority to  act ad interim for 
and in behalf of the Council on questions of national policy or 
im port and to serve in an advisory capacity to  the Council, was 
approved. This com m ittee will consist of the im m ediate past 
president, the president, the secretary, the treasurer, the editors 
of the S o c ie ty ’s  journals, and three councilors. T he present 
councilors, A. M . Com ey and W m. M cPherson, were continued 
upon the new com m ittee, and George D . Rosengarten was 
elected as a third member. The provision for the election  
of directors by some regional plan has been greatly desired by 
some sections, and a  satisfactory plan having been devised by 
the Advisory Com m ittee, this was unanim ously adopted. I t  
will require another year to put the plan into full effect. Full 
details will be given in the Proceedings.

The size of the Council then cam e under discussion and the 
recommendation of the Advisory Com m ittee th at the right 
to  substitution be discontinued was refused. A number of other 
plans were suggested and debated at length, but the final action  
of the Council was that the size of the body is not to change. 
This is a reversal of the vote  a t N ew  H aven.

The name of the Division of Leather Chemistry was changed 
to Leather and Gelatin Chemistry. There was prolonged dis­
cussion of two m otions presented by the Leather D ivision. The 
first m otion was intended to rescind the Council action that no 
papers be presented unless the titles are printed upon the final 
program. This m otion w as lost. The second m otion was to  
bring about a modification of the action taken at Pittsburgh to 
the effect th a t nonmembers m ay not present papers before 
divisions and sections unless of unusual importance, and then  
only upon an agreement between the secretary of the division or 
section and of the S o c ie ty .  After prolonged debate the Coun­
cil approved the action of the Secretary so far taken and in­
structed him to  continue his present policy and interpretation, 
except as provided in an am endm ent to the Pittsburgh action—  
nam ely, "except papers invited by chairmen and secretaries of 
divisions, and that such papers are to  be so designated on the 
program.”

T he Council approved the plan of encouraging the Cincinnati 
Section to organize an intersectional or regional m eeting to be held 
in conjunction w ith th a t of Section C a t the December, 1923, 
m eeting of the American Society for the Advancem ent of Science.

W hile the discussion a t tim es w as spirited, the Council was 
harmonious to  a degree. T he actions taken were either unani­
m ous or b y  considerable m ajorities, and there was both tim e and 
opportunity for extensive discussion and the relation of many 
experiences. After a  hearty vote  of thanks to all local officers 
and others contributing to an unusually successful m eeting, ad­
journm ent was taken at 10:30 p.m.
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The Market for Chemical Ideas1
By C. F . Burgess

C. F . B u r g e s s  L a b o r a t o r ib s , M a d is o n , W is .

WE R E  I to fall into the spirit of the tim es and try to 
em ulate the big talkers of the day, I  would dwell upon 
the noble work which chem ists are doing in the cause 

of hum anity; I would tell how they  are being deprived by the  
big interests of their birthright— a living wage; I would show  
that they  have no real m arket for their 
product, th a t W all Street controls the situ ­
ation; and I would urge that it  is tim e for 
chem ists to arise and throw off the shackles 
which are holding them  in the ranks of the 
oppressed.

B u t for various reasons, one of which is 
the scarcity of facts upon which to  base 
such talk, I shall take an opposite course 
and even a t the risk of incurring possible 
displeasure, I shall refer to  the product of 
the chem ists’ brains, chem ical ideas, as 
a com m odity, and, therefore, subject to 
barter and exchange, I m ay find it  neces­
sary to depart from the time-honored cus­
tom  of sc ien tists and refer to the value of 
chem ical ideas in term s of m oney, and I 
hope to be able to  show th at the chem ist 
has in his own control the m ethods of reg­
ulating the returns for his services.

In using the term  "chem ist” in this dis­
cussion, I intend to refer only to  those 
men of chem ical training who have ability  
to do creative work, to produce "chemical 
ideas,” as differentiating from the chem ist w ho is confined 
to pure routine work, and is like the Ford type of m e­
chanic, whose principal experience is "screwing in bolt No. 
647.” B y  the expression "chemical ideas” I refer to  the dis­
coveries, inventions, or proposals which are capable of being 
turned to the service of man through offering a  new product, 
a new process, a  "m ethod of m aking tw o blades of grass 
grow where one grew before”— or, in other words, to  those 
ideas which have a value, either im m ediate or potential.

During the past few years a  great deal has been said about 
the earning power of research. Popular interest has been cre­
ated. Graduate and undergraduate courses in chem istry show  
increased enrolment. There is a rapidly increasing volume 
of chemical literature and the production of chem ical ideas is 
a growing industry. In chemical circles, however, the opinion 
prevails that the chem ist is not sharing adequately in the profits 
which arise through the application of his ideas. Seldom is 
the suggestion m ade that there m ay be an over-production  
from chem ical research and th at the meager returns to the  
chem ist are but a  working out of the econom ic law of supply  
and demand.

In the sense that there is an established m arket for m anufac­
tured goods, for agricultural and mineral products, for the works 
of the writer and composer, it  m ight be said th at there is no 
organized or established m arket for chemical ideas. T he pro­
ducer of chem ical ideas m ust do the best he can in a  market 
which m ay at best be described as chaotic.

Such m arket as does exist m ay be classified into  various 
divisions.

T he one which furnishes the easiest path for m arketing chem ­
ical ideas is th a t afforded by our scientific and technical societies, 
and by the publishers of scientific journals. T o this the chem ist

1 T it le  on  program , “ M arketin g  C hem ical D isco v er ies .”

brings his wares in the form of papers, monographs, or theses. 
There seems to be little restriction upon the volum e which can 
be absorbed. The compensation secured through this outlet 
is indefinite and comes in a  roundabout w ay. Through a pe­
culiar system  which has been evolved in our educational and 

other publicly endowed chemical labora­
tories, an investigator’s advancem ent, title, 
and salary are determined in large measure 
by his research ability. And this in turn 
is often measured by the number of papers 
he has published. The public, which sup­
ports these laboratories, is in the end the  
actual purchaser of these papers, and buys 
a t low prices. K nowing som ething of the  
salaries of college research men, and of the  
amounts which constitute an increase of 
salary, I  would not estim ate the selling  
price to be more than a few hundred dollars 
per paper.

This market has the advantage of size, 
and the disadvantage of offering small re­
turns to the producer. I t  can be criticized 
from the standpoint of the public. Some 
weeks ago I participated in a discussion at 
a m eeting of the directors of a national 
scientific society, the debated question be­
ing the increasing m ediocrity in the quality  
of chemical papers finding their w ay  
into the chemical journals. The opinion 

prevailed that the system  of forcing laboratory workers to 
write numerous papers, often presenting fragmentary investi­
gations coupled with a lack of proper censorship as to quality, 
is a factor contributing to an unfortunate deterioration in cur­
rent chemical literature. In other words, this m arket is likely 
to be disrupted unless attention is given to improving the qual­
ity  of goods dumped upon it.

The second division of the m arket for chem ical ideas is that 
in which the chem ist contracts to furnish his entire supply to  
his employer, usually one engaged in the business of manufactur­
ing. The market price is embodied in the salary under which  
the chem ist accepts em ploym ent. M any a worker finds this 
is an unsatisfactory market in which to deal, because it involves 
sacrifice of independence and an exclusion of other outlets for 
his discoveries. H e feels that this loss is not compensated 
fully by the am ount of salary paid. H e m ay see his ideas adopted  
freely by the management. Presumably, the corporation pros­
pers, but without giving the chem ist the com pensation which he 
considers his due.

W hen the chem ist looks for larger financial return than is 
afforded through publication, and is unwilling to  sacrifice his 
independence by accepting a salary, he has recourse to a third 
division of markets, which is open to  him  if he can show property 
rights or title  to his discovery or invention. This he can do by  
establishing it as a  trade secret, or m aking it  th e  subject of a 
United States patent. I t  is beyond the scope of this paper to  
discuss trade secrets or patents, bu t it  is certainly not outside 
the essential duties of the chem ist to  familiarize himself with  
the law relating to  trade secrets, and the complex details of the 
patent art, if he ventures into th is field of marketing.

Perhaps the chem ist who presents his ideas to an unappreciative 
world m ay profit by  the words of the noted divine who said:

C . F . B u r g e s s
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"W hen I find an audience cold and unresponsive, I  do not seek  
consolation in blaming the audience. I  know there is som e­
thing lacking in m yself and I seek to rem edy m y defects.”

L et us, therefore, look at the position of the chem ist from the  
view point of the public and through the eyes of the business 
executive who has to deal w ith research as an adjunct to industry.

From this view point there is no tendency to belittle the im ­
portance of chem ical research; the fundam ental value of chemical 
ideas is recognized universally; in the distance can be seen new  
industrial worlds to  be conquered through the; chem ist’s leader­
ship. The store house of chem ical knowledge to which he is 
continually adding has becom e an im m ensely valuable asset 
to  industry.

B u t attention m ust be called to the fact th a t just as a m anu­
facturer’s inventory of raw m aterial m ay be larger than is neces­
sary for the current needs of a business and thus become a dead 
rather than a live asset, so the store house of chemical knowl­
edge can be overcrowded w ith ideas a t a  rate greater than that 
a t which they can be put to  practical use.

This is a condition which m ust be recognized. I t  has been 
estim ated that if all chem ical research work were discontinued  
for tw enty years, industry would still progress through reduction 
to  practice of the m any chemical ideas which have been offered 
in the past. The lapse of time, som etim es short but usually  
long, between the chem ical discovery and its reduction to  com ­
mercial practice accounts in  part for our large inventory of 
chemical knowledge, and for the m anufacturer’s inability to 
pay large prices for new ideas which cannot be used a t once.

T o apply an idea m ay upset a  long-established routine carried 
out by trained workers, involving the upbuilding of a new  
organization; the discovery of a new and better raw material 
m ay m ean the abandonm ent of a plant in one place and its 
reestablishm ent elsewhere; another proposal m ay have to await 
the whim s of a legislature. D elays such as these m ay tax the 
patience of the chemist.

T he business m an has been criticized for his lack of chemical 
knowledge,' and his consequent indifference to or ignorance of 
the work the chem ist is doing. B u t it  is asking the impossible 
to expect the busy executive to  review and pass judgm ent on 
the value of chemical ideas as rapidly as they  are presented. 
In every plant where chem ists are em ployed new ideas and 
proposals are com ing up continually. As a fair index to  the  
number of chemical ideas being offered to the public, the abstracts

of the A m e ric a n  C h e m ic a l S o c ie ty  m ay be cited. Assum ing  
th a t each abstract refers to an idea embodied in som e book, 
paper, pam phlet, or patent, the current m onthly volum es show  
th a t a  new chemical idea is presented to the public a t the rate  
of one for every five m inutes of the business day.

T he im m ensity of the volum e of chem ical literature through 
w hich the business m an struggles in his endeavor to  keep abreast 
of chem ical knowledge is bad enough, but the task  is m ade 
more difficult b y  the chem ist’s language, a  language of words, 
formulas, and sym bols which m ean no more to  the uninitiated  
than the cryptic, m ystical expressions of the m edieval alchem ist 
do to  the modern worker. T he truth of this statem ent can be 
tested  by choosing alm ost any paper presented before this 
S o c ie ty , and asking some intelligent banker or other type of 
business m an— possessing an academ ic degree, if you w ish—  
to read the paper and tell w hat he finds in it. T he chances 
are that he will laugh.

T o the com plaint th a t business is blind to the opportunities 
for profit which the adoption of new chemical ideas affords, 
the reply is that if the chem ist has som ething meritorious to  
sell it  is necessary for him  to practice "the science of human  
service” (business), which embraces the art of im parting knowl­
edge to the public (advertising).

I t  is a  notorious fact th a t chem ists are deficient in the science  
of salesmanship; their writings fail by far from "touching the  
im agination of crowds.” I have asked various investigators 
w hy th ey  confine their announcem ents of discoveries to  the  
scientific journals and do not reveal them  to the larger public 
through the daily press. Their attitude m ay be typified by  
the following questions and answers of a  conversation held som e 
months ago w ith an active and honored member of this S o c ie ty .

I f  you are disappointed in  the interest shown in your recent 
discoveries, w hy do you not try an announcem ent through the  
Associated Press?

T hat is out of the question. M y principal concern is to  see 
that the daily papers do not a ttem pt to describe m y work. I 
have been terribly embarrassed by the garbled reports which  
have been given out concerning som e of m y discoveries.

W hy do you not prepare, then, an accurate statem ent in news­
paper style? If the subject m atter is of im portance and written  
clearly so as to  be understandable, your contributions will be 
welcomed.

Y ou are suggesting the impossible, for an adequate description 
cannot be written w ithout using scientific terms and formulas, 
which are, of course, unintelligible to  the newspaper reader.
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T hat man failed to appreciate the well-known truth th a t no 
m an can become com plete m aster of his subject w ithout being 
able to explain it  in a  m anner intelligible to the average man.

The exceptional view  was held by another member of this 
S o c ie ty .  H e has contributed m any papers, and could tell you, 
if he would, that a public press announcem ent of a certain dis­
covery brought him a  hundredfold greater correspondence 
w ith interested persons than he had ever had from a  paper 
published in the chem ical journals. In other words, as an  
advertising m edium  the daily press has a far greater drawing 
power than has the scientific journal.

W hile the average chem ist finds it  impossible to write his 
own advertisem ent, there are notable exam ples of ab ility  in 
this field. Dr. R obert K ennedy Duncan has shown how the  
chem ical idea can be sold to the public, and although he incurred 
the displeasure of fellow chem ists in his use of popular language, 
he rendered a m onum ental service to  the downtrodden chem ist.

If the popular appeal does not fit in w ith his standards of 
ethics and professional pride, the chem ist m ust adm it that 
Pasteur lost nothing in dignity or professional standing when  
he uttered th a t forceful appeal which m ight well be placed am ong  
the classics in advertising:

I have a head full of the m ost beautiful projects for work. I 
am ready for new productions. Oh, w hy am I  not rich— a 
millionaire? I would say to  you: Come, we shall transform
the world by our discoveries.

The business executive w ill adm it that the salaries of chemical 
workers are low and th a t few chem ists advance into the better  
paid adm inistrative and executive positions. B u t he will 
deny th at there is any system  working against the chem ist’s 
advancem ent other than the chem ist’s own inability  or lack  
of interest in handling the business problems th a t are always 
involved in the reduction to practice of a chem ical idea.

One em ployer says that his greatest difficulty w ith his chemical 
workers is their tendency to study  their equities in the business 
w ithout showing a  willingness to follow the chem ical idea from 
the laboratory through the semicommercial stage and into full 
commercial operation, or dealing helpfully w ith all the problems 
of equipm ent design, handling of labor, m arketing difficulties, 
and the like.

I t  is the experience of employers that it  takes tim e for the 
chem istry graduate to  go through the disillusionm ent period

before he can become a valuable cooperating force in the business 
organization; the longer he has been trained in academ ic work 
the harder it  is for him to become adjusted to industrial con­
ditions. During a  discussion of this feature before a  branch 
m eeting of this S o c ie ty , the executive officer of one of the largest 
industrial laboratories said that his com pany had compiled a 
rating of the universities on the basis of tim e taken for graduates 
to  adapt them selves to industrial research and developm ent. 
Under this rating the range is from four years for som e of the  
larger universities to one year for certain of the smaller. This 
is mentioned as being suggestive of the help which the educational 
institutions m ight give in increasing the service value of their 
graduates.

From the m anagement standpoint much study has been  
given the question of adequate com pensation to  the chemical 
worker, just as it  has been given to other classes of producers; 
but the chemical idea is such an intangible com m odity that 
its valuation is exceedingly difficult. As an illustration I recall 
the solution of a  problem for increasing the production of a  cer­
tain manufactured article.

The standard rate of production was 800 per day per em ployee. 
T he chemist proposed a quick drying adhesive as a m eans of 
increased yield, and he showed how the output figure could 
be increased to 1200. One of the shop workers then made a 
tim e study of the operator’s m ovem ents, redesigned the work 
tables, and installed a conveyor system , resulting in an increase 
to 2 0 0 0 , and the shop superintendent, by installing a carefully 
worked-out piece rate and bonus system , succeeded in increasing 
the production to about 5000 units per day. I t  required over a 
year to  effect these im provem ents and of this tim e the chem ist 
contributed perhaps tw o or three days in the beginning of the 
period.

T o value the equities in the final result becom es much like 
crediting to the little acorn its property right in the tall oak. 
If the chem ist had exercised the opportunity presented to him  
he could have supplemented his chemical study w ith suggestions 
as to  m anagem ent and paym ent of labor. H is contribution  
to the business success would have been more easy of calculation, 
and his opportunity for advancem ent into increased responsibility  
would have been bettered.

The average chem ist is so little  posted on patent m atters 
that he shares the general popular m isconception of the actual 
value of a patent. E ven  though a  patent m ay be secured w ith
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little more expense than is involved in  the purchase of a good 
suit of clothes, the newspapers in the home town have a practice 
of announcing as of news interest the awarding of a patent to 
one of its  local inventors, and as the inventor passes down 
M ain Street he is slopped by his fellow citizens, who congratulate  
him upon his good fortune.

W hen he oilers his patent to  the business executive he is 
greeted in a  far different manner. H e is asked whether the  
patent has been validated b y  the courts. The cautious in­
vestor knows th a t if a patent happens to be of little  value its 
valid ity will never be questioned, but that if it  is of importance 
infringement is sure to follow. If the infringers are to be pros­
ecuted, litigation w ith its attendant expense results. This 
m ay necessitate an investm ent of a few thousand dollars, or a 
few hundred thousand dollars. Another question raised by the  
purchaser is this: Will the patent give the right of use w ithout 
infringing the rights of others? This question is answered in 
the form of an opinion by the legal departm ent which m ust 
first institute a search through all the patent literature as well 
as other publications. Such a search usually involves an in­
vestm ent of over one thousand dollars, and I have known of 
valid ity  searches costing over fifty tim es th a t figure.

If the inventor is willing to  share the labor and expense of 
conducting these investigations and litigations and cooperate 
in working out the ideas to a commercial success, he becom es a 
business man and as such can deal on much better term s in se­
curing his rewards than he can if he wishes to turn over his 
patented invention w ithout assuming responsibilities.

W e m ay wonder w hy the chem ist holds him self aloof from 
business affairs. Perhaps his pride and dignity stand in his way. 
In  a suggested code of ethics for chem ists, published recently, 
appears this clause:

T he chem ist should not use his professional standing as a  
m eans of sponsoring or prom oting commercial or other under­
takings of a speculative character.

From the numerous hazards surrounding a manufacturing 
undertaking we know that it  cannot help but be speculative in 
character. E ven the railroad business has become so speculative  
that few will invest in its stock. If the chem ist puts him self 
on a pedestal and refuses his whole-hearted support to an enter­
prise in which he m ay believe but which is nevertheless spec­
ulative, he places him self outside of a cooperative relationship  
with the man of business.

In a  bitter tirade against existing conditions, entitled "Is a  
Commercial War between Chem ists and Business M en  
Com ing?,” 2 the threat is m ade th a t if the interests do n ot better 
recognize the chem ist’s work, there will be an uprising in 
which chem ists will become business m en and as such will re­
ceive the rewards to which they are entitled. Far from throwing 
fear into the commercial world the carrying out of this threat 
would be welcomed by employers who complain that chem ists 
take too little  interest in business affairs.

Perhaps a useful step in this direction is being taken by some 
of our universities in combining business courses w ith courses 
in chem istry; but the greatest opportunity lies in encouraging 
research m en who have already received their degrees to take 
a greater interest and share in working out business problems. 
Just how this can be done remains for the individual worker to 
decide.

T o the m an trained in academ ic research w ho contem plates 
the establishm ent of a business enterprise, a word and, in fact, 
several words of caution m ay be offered. H e will find the various 
state  legislatures pass 26,000 or more laws every two years and  
th a t m any of these involve compliance on his part. H e will 
find that the laxity in ventilating facilities, appliances for safety, 
and m ethods of fire prevention found in university laboratories

> Chcm . A ge, 31, 255 (1923).
1 T in s  J o u r n a l , 14, 356 (1922).

is not perm itted in industrial plants. Inspectors of various 
kinds clothed w ith governm ental authority will call upon him  
a t frequent intervals to  tell him  just w hat he m ust and m ust 
not do. Commercial credit houses will ask him  to  furnish a 
detailed financial report and proofs th a t he is willing and able 
to pay his debts. N o  m atter w hat his own confidence m ay be 
in the success of his undertaking, his banker will tell him  th at 
he considers him  a purely speculative risk and m ust continue  
to do so until he has established a  seasoned industry w ith demon­
strated ability  to pay dividends over a period of years.

T he opportunities for getting into litigation are boundless, 
and legal expenses become an unavoidable part of his overhead 
expense. The blue sky departm ent m ay try to prove he is 
less prosperous than he thinks he is and the incom e tax auditors 
m ay assert that he is more prosperous than he claims to  be. 
If incidents such as these can be m et by the chem ist as patiently  
and cheerfully as he m eets the problems involved in laboratory 
research, the chances for» pleasure and profit from his business 
are excellent.

As bearing upon the opportunities for success in carrying on 
research as a business venture, I  am  privileged to  describe an 
experiment which was begun thirteen years ago and is still under 
way. A small group of men trained in chemical research joined  
in the organization of a corporation under the laws of the State  
of W isconsin, w ith  the purpose of carrying on investigations 
of the kind which abound in college laboratories. T he result­
ing discoveries were to  be marketed as patent rights, trade se­
crets, as a part of consulting service, or as a manufactured prod­
uct in which the results of research were to be incorporated.

One of the incorporators had served fifteen years in educational 
work and in laboratory research along chemical and electro­
chem ical lines. One had ten  years’ record of both university  
and industrial laboratory work in chem istry and chemical 
engineering; another had served for eight years as chem ist in 
an industrial laboratory; another presented ten  years’ experience 
in commercial foundry practice and two years in college research. 
A  fifth m an had just com pleted his university training. A 
practicing attorney constituted the sixth member of the group 
th a t conducted the business during the early years.

The thirteen years’ record of this organization is an interest­
ing story, ludicrous in some spots, and bordering on the tragic 
in others. M any chemical ideas were evolved, and all the w ays  
of marketing hitherto referred to were tried out. M any of the  
undertakings failed, and some of them  succeeded. Licenses 
have been granted on some of the ideas, other ideas have been 
sold, still others have been made the basis of manufacturing 
business controlled by the laboratory corporation.

W hether the experim ent as a whole is a success m ay be a 
m atter of opinion. T o form the basis of such opinion I m ay 
give som e facts. T he original capital was $9000. This lias 
been increased through earnings and sale of stock to over $900,- 
000. The annual sales of ideas and of material products have 
increased to  $3,000,000, and w ith  a  world-wide distribution. 
M anufactured products of others and em ploying the discoveries 
of the laboratories run into much larger figures. Two industries 
manufacturing new products have been created and several 
other similar projects are now under w ay. T he personnel has 
naturally increased greatly in numbers to a total of over six 
hundred men and women. A t the present tim e tw elve of these  
are men trained in science and engineering, m ost of whom  occupy 
executive positions or are actively  engaged in directing pro­
ductive work.

W hat about the rewards which com e to the individual workers? 
As to  how their financial returns compare w ith  those received 
in other fields, I  am  unable to say, bu t there is abundant evidence 
to show th a t inspiration and jo y  com e in prosecuting research 
under conditions in which the worker can watch his idea, started  
in the laboratory, becoming an instrum ent of service to mankind.
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Bacteria and the Chemist
By Arthur Isaac Kendall ^

M e d ic a i , S c h o o l , N o r t h w e s t e r n  U n iv e r s it y , C h ic a c o , I I I .

IT  IS distinctive of the fundam ental sciences th at as their 
respective fields of inquiry become more com pletely ex­
plored, frontiers which in earlier periods of their develop­

m ent appeared to  lim it their scope, im perceptibly merge w ith  
those of related or coextensive subjects. This tendency toward  
amplification is peculiarly noticeable in the 
history of chem istry. In the earlier days, 
before com plex compounds of carbon were 
well studied, the phenom ena of life proc­
esses and the environm ental interchanges 
associated therewith were presumed to be 
endowed w ith  an intangible "vital princi­
ple,” w holly unapproachable from the in­
vestigative side. W ith the rise and de­
velopm ent of organic chem istry, however, 
and particularly after the synthesis of urea 
— an im portant w aste product inseparably 
associated w ith  higher animal life— from 
am m onia and lead cyanate by Wohler 
(1828), the vita listic  conception of life be­
gan to give w ay. T he belief is rapidly  
gaining ground that the dynam ics of life 
itself m ay be expressible in terms of chem ­
ical equations; indeed, som e of the simpler 
of these equations are already qualita­
tively  understood. A t the present time, 
of all the fundam ental sciences, biological 
chem istry, “ the handm aiden of medicine,"  
is justly  regarded as holding forth the 
greatest promise of fruitful contributions to  
of the m ysteries of these v ita l processes.

Life appears to  be essentially a  continuous interchange be­
tween an organism and its environment. D eath  intervenes 
when this interchange ceases. The investigation of the nature 
of this interchange lies within the domain of chem istry. In  
organisms of great structural differentiation, as anim als and 
man, the association of m any sim ultaneous reactions, inevitable  
from the cellular division of labor, masks the elem ental phe­
nom ena of the chemical interchange which continually takes 
place between the organism and its environm ent. I t  seems 
justifiable, therefore, to turn to simpler living entities than man 
or anim als for the unfolding of the chemical pattern upon which  
the more complex reactions are molded.

Am ong the sim plest of known living things are the bacteria, 
that group of asexual, unicellular organisms found a t  the very  
foot of the ladder of life. All the fundam ental phenom ena and 
m anifestations of life— morphology, hereditary architecture, 
nutrition, and reproduction— are performed in this group by  
units so m inute that fully fifteen m illions of million of them  
would scarcely balance an ounce weight. The ratio of surface 
exposure to  volum e, furthermore, a  factor which determines in 
a very large degree the m agnitude of their energy requirements, 
is relatively great.

Finally, reproduction is, or m ay be, extrem ely rapid among 
the bacteria. In the more vigorously growing types, as for ex­
ample the cholera microbe, that dread germ which incites Asiatic  
cholera, successive generations of fully m ature organisms m ay  
appear a t intervals as frequent as every fifteen m inutes. In 
as much as there are ninety-six periods of fifteen m inutes’ dura­
tion in one day, the theoretical descendants of this germ would  
be 2 s6 in twenty-four hours. This is indeed a truly prodigious

number; fortunately, it  never is and never can be even approxi­
mated. Nature interposes insuperable barriers to such a theo­
retical progeny, but even w ith the lim itations of dim inishing  
food supply, accumulation of waste products, and other en­
vironmental deterrents, the spawn of a single microbe number 

countless millions w ithin a very  short time.
These facts, together w ith the com para­

tive readiness w ith which pure cultures 
m ay be procured and kept alive, m ake the  
bacteria peculiarly adapted to  the study  of 
the chemical phenom ena of life reduced 
to its lowest terms. Such studies as have  
been made of the nature of the chem istry of 
bacterial interchange w ith their nutritive  
environment— their m etabolism , as it  is 
properly designated— have revealed an un­
expected sim ilarity w ith the general phenom ­
ena of m etabolism  in higher organisms, 
as animals and man. Perhaps this m ight 
have been anticipated.

Bacteria are fundam entally digestive sys­
tems, and they are endowed w ith  the power 
of deriving the energy essential for their life 
processes from chemical substances of va ­
ried, but by no means unlim ited, com po­
sition and stereo-configuration. Each kind  
of microbe, indeed, exhibits striking fas­
tidiousness in its choice of these energy- 
containing substances. Herein lies a m ost 

important relationship between the microbe and the chem ist. 
A word in explanation will make this point clear.

There are two important phases clearly discernible in the life 
history of bacteria— a structural phase, in which the microbe 
reproduces and transmits to its progeny the hereditary chemical 
architecture characteristic of its kind; and an energy phase, in 
which the mature microbe and its descendants perform their 
characteristic functions, or chemical transformations of their 
nutritive environment.

In  point of tim e the structural phase precedes the energy phase. 
In the am ount of chemical interchange, the energy phase exceeds 
the structural phase m any fold. Also—and this is im portant—  
the general characters of the chem istry of structural develop­
m ent and that of the energy interchange are quite unlike. The 
former is inseparably associated w ith the proteinization of 
nitrogen; the latter is inextricably bound up w ith the oxidization  
of carbon.

Stated differently, nitrogen is as essential for the structure of 
the bacterial cell as iron is for the structure of a locom otive; 
and carbon is as necessary for the energy requirements of the  
bacterial cell as coal is for the'm oving of the locom otive. The  
am ounts of chemical substance required, respectively, for the 
structural and energy phases of bacterial developm ent also are 
very unequal, even as the w eights of iron and of coal are unequal 
in the respective structural and energy phases in the life history  
of the locom otive.

A suitable medium frequently used for the cultivation of m ost 
bacteria is prepared from a clear w atery infusion of m eat, re­
inforced w ith peptone. This is ordinarily referred to as plain 
nutrient broth, or plain broth. I t  contains salts, including 
phosphates, water, and complex compounds of nitrogen, carbon, 
hydrogen, and oxygen. T he latter are complexes of the amino
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acids, of which about nineteen are well known. These in various 
com binations confer upon proteins their specificity. In such a 
medium m ost bacteria find all the nitrogenous constituents for 
their structural needs and also the carbon necessary for their 
energy requirements.

Bacteria could not grow if nitrogen in proper com bination were 
not available; hence, this plain broth, which offers to  bacteria 
the requisite nitrogenous constituents, is the nutritive basis for 
ordinary microbic cultivation.

T he carbon of amino acids and of peptone is not so readily 
utilized for energy, however, as the carbon of carbohydrates; 
consequently, it is frequently advantageous to add some glucose or 
lactose, or other member of the carbohydrate group, to  the plain 
broth. In  such a glucose broth or lactose broth medium, the m i­
crobes clearly have a choice between the carbon of the am ino acids 
and the carbon of the carbohydrates for their energy require­
m ents. If the stereo-configuration of the protoplasm— that is, 
the living substance— of the microbe fits the stereo-configuration 
of the glucose, or the lactose, or whatever carbohydrate has been 
added, the microbe w ill turn to the sugar for its energy in prefer­
ence to  the am ino acid, utilizing the amino nitrogen of the latter, 
of course, both for its  own structural needs and the structural 
needs of its progeny. In physiological parlance, the utilizable 
carbohydrate spares the protein constituents of the medium  
from bacterial decomposition, aside from the very small am ount 
of the latter required to build up the bodies of the microbes.

I t  is not a  m atter of indifference which type of compound, 
carbohydrate or amino acid, is used by the various microbes for 
energy. Thus, diphtheria bacilli grown in plain broth, contain­
ing no carbohydrate, produce that extrem ely potent soluble 
poison or toxin known as diphtheria toxin, which constitutes 
the aggressive weapon of this formidable germ. If, however, 
a sm all am ount of glucose is added to  plain broth before the  
diphtheria bacillus develops in it, the resulting growth product 
is radically different. I t  no longer contains the potent poison; 
in place of this powerful toxin the culture m edium  contains lactic  
acid, the chem ical basis of buttermilk.

H ere is in actuality  the realization of that strange conception  
of Dr. Jekyll and Mr. H yde, which Robert Louis Stevenson  
has m ade so well known. The plot is unique. The sam e indi­
vidual, under the influence of a  chemical, changes his disposition  
from that of a  useful member of society to  that of a m iscreant. 
The difference between diphtheria poison and butterm ilk is 
surely as great a divergence in activ ity  as that of the dual person­
a lity  of the fabulous Dr. Jekyll and Mr. H yde.

T he striking change brought about b y  the addition of u til­
izable carbohydrate to a plain broth inoculum of the diphtheria 
bacillus is but one of a large number of examples well known  
am ong the bacteria, however, and its significance is far deeper 
than a mere actual living instance of a hitherto pleasant m yth.

In the field of medicine, for example, the baneful effects of 
typhoid, cholera, dysentery, and other germs that cause severe 
infections in the alim entary canal can be ameliorated through 
proper dietary procedures, and the character of their products 
can be changed from poisons to  lactic acid by the sam e measures 
that reformed, as it  were, the activities of the diphtheria bacillus 
in culture media. This procedure of dietary therapy has been 
practiced successfully in typhoid and dysentery.

For the chem ist, however, the underlying principle of the in­
fluence of carbohydrates upon the character of microbic chem ­
istry has a very practical bearing. Space does not perm it of 
a discussion of the possibilities in this field except in  a relatively  
restricted group of substances, the carbohydrates. Inasmuch  
as carbohydrates are of great interest and importance both in 
animal and hum an nutrition and in m any industries, however, 
this lim itation is not incom patible w ith a  survey of the relations 
of the microbe to the chem ist.

Returning to  the diphtheria bacillus, it  w ill be recalled that 
in a  plain, glucose-free medium, a potent specific toxin is pro­

duced. Also, the reaction of the medium becomes progressively 
more alkaline. In the sam e medium to which glucose is added—  
that is to say, in glucose broth— there is no toxin formed and 
the reaction becomes progressively acid, owing to the formation 
of lactic acid.

Herein lies a chem ical test for glucose. E ither the absence 
of toxin or the increase in acid ity would w ith  suitable controls 
be diagnostic. Extending this type of te st to a library of m i­
crobes, each of which possesses the power of fermenting or util­
izing certain definite carbohydrate configurations, there is a t  
once available a  new m ethod of detecting and identifying m em ­
bers of the carbohydrate group.

Several m ethods of procedure follow from this utilization of 
microbes as chemical reagents. First, the identification of an 
unknown member of the sugar group. This is readily accom­
plished through a series of bacteria, each of which w ill use only 
certain sugar configurations.

Secondly, the recognition of impurities in carbohydrate sam ­
ples.

Thirdly, the quantitative estim ation of carbohydrates, both 
singly and in mixture.

Fourthly, the identification of hydrolytic products resulting 
from the cleavage of com plex carbohydrates.

These various procedures have been used successfully in a 
lim ited group of sugars, and the entire carbohydrate group is 
open to  exploration by this com paratively sim ple m ethod of 
microbic analysis.

I t  is of some interest to  know how sensitive the bacterial 
reagent is— how small an am ount of sugar can be definitely 
detected. A long series of experim ents has shown th a t as little  
as one one-thousandth of a per cent, or one one-hundred-thou- 
sandth of a gram, of a utilizable carbohydrate dissolved in a cubic 
centim eter of a culture medium m ay, under favorable conditions, 
give definite indication of its presence.

W hen one realizes that two unlike sugars, as glucose and lac­
tose, m ay have nearly the sam e optical rotation and about the  
sam e reducing power, it  w ill be seen that the microbe holds 
forth possibilities of interest and im portance in this field.

In the animal and hum an bodies, several problems are still 
unsolved which w ould seem  to  be approachable from the stand­
point of the microbe chem ist— the place of formation of lactose  
in the laotating animal; the differentiation between glucose, 
pentoses, lactose, and glycuronic acid in the urine; the identi­
fication of the sugars which are found in the nucleins and in the 
brain, and also the stereo-configuration of the sugar in the blood 
and the tissues.

The direct relationship between glucose, the sugar of the blood 
and tissues in the hum an body, and the energy derived there­
from focuses attention upon the corresponding phenom ena in 
bacteria. The stereo-configuration of the protoplasm of the 
living cell and its ability to utilize a  similar, com patible sugar 
configuration seems to be one of the fundam ental reactions of 
life itself. The intim ate workings of this energy complex yet 
remain to be unfolded, and the answer m ust be sought for in the  
domain of chem istry.

Finally, a  word about bacteria in the industries. Som e of 
the m ost venerable processes known to mankind depend upon 
microbic participation. T he retting of flax in the manufacture 
of linen, the tanning of leather, various ferm entation processes 
associated w ith the souring of milk, sauerkraut, ensilage, the  
manufacture of vinegar, and various alcohols, as butyl, and ethyl 
alcohol, acetone, glycerol, and even the initial steps in the m anu­
facture of synthetic rubber, arc but a  few instances of the de­
liberate exploitation or spontaneous activ ity  of microbes.

As tim e goes on and knowledge becomes more com plete, the  
chem ist w ill utilize this cheap, ceaseless energy of the microbe 
to  perform alm ost numberless processes that are unattainable 
a t present or accomplished only by. an extortionate expenditure 
of energy.
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N IN TH  N A TIO N A L  EX PO SIT IO N  
O F  C H EM IC A L IN D U STRIES

T T PO N  entering the N inth  N ational Exposition of Chemical 
Industries held a t the Grand Central Palace, N ew  York, Sep­

tember 17 to  22, one’s first impression was that the entire scheme 
of things had been arranged w ith taste  and a keen eye to a general 
pleasing effect. A t the extrem e end of the center aisle hung 
a large placard bearing this legend:

CH EM ISTRY  IS THE PRIM A R Y  ELEMENT THAT GOVERNS 
SUCCESSFUL MANUFACTURING

If the chemical and chemical equipment industries 
represented at the Exposition should cease operating for 
one year, every v ital industry of the United States m ight 
be forced to suspend operations before the expiration 
of that period .— Rubber Age. .

T he m ost casual visitor could not fail to be impressed w ith  
the fact th at the chem ical industries play an increasingly large 
part in the world’s work. Former expositions were not so well 
balanced as the one of this year; the individual exhibits showed 
greater thoughtfulness on the part of exhibitors and concentration 
upon a  few products or pieces of apparatus, which were thereby 
made more interesting and intelligible to the visitor. Fewer 
booths contained the conventional lounging chairs and settees, 
and there was a tendency on the part o f all exhibitors to add 
som ething of educational value to the exposition and to avoid  
merely filling their space w ith  m iscellaneous collections of un­
related material. As a result more real information was avail­
able than on previous occasions; definite ideas definitely pre­
sented were m et everywhere.

Undoubtedly, the exhibitors are profiting by the experience 
of previous expositions, and, following the agitation of last year 
for a different type of exposition under a different management, 
it  appears certain that the m anagem ent of the N ational E x­
position of Chemical Industries has m ade an effort to m eet some 
of the criticisms. The enlarged advisory com m ittee, upon which 
all the elem ents of the industry are now represented, has had a 
more deciding voice in the proceedings than heretofore. The 
results speak for them selves. From  year to year the exposition  
has contained fewer representatives of the actual manufacturers 
of chem icals and an increasing number of those who have some­
thing to  sell to the chemical industry. Chemists generally look 
upon this as undesirable, for, if continued, this policy would 
result in an exposition of those who are purveyors to  chem istry 
rather than one which dem onstrates the progress of chemistry 
in America. This fault has been overcome to som e exten t by 
the equipm ent of booths to  illustrate the progress of special 
branches of the chem ical industry, rather than the products of 
individual manufacturers.

A n o tab le  exam ple of th is  w as th e  bo o th  d evo ted  to  A m erican  
dyes, w here th e  co n ten tio n  th a t  "A m erican  D yes A re F a s t” 
was c learly  dem o n stra ted  th ro u g h  th e  cooperation  of m anufac­
tu re rs  of dyes an d  tex tiles an d  laundrym en , ab ly  assisted  by  a  
m an u fac tu re r of dress p a tte rn s  an d  a ttra c tiv e  living m odels. 
T h e  exh ib its devo ted  to  insulin  an d  in ta rv in , th e  y e a r’s o u t­
s tand ing  chem ical con trib u tio n s to  th e  tre a tm e n t of diabetes, 
to  chem istry  in  th e  service of radio, to  th e  C hem ical W arfare  
Service, to  th e  B u reau  of S tan d ard s , a n d  th e  illu stra tio n s of 
th e  earn ing  pow er of research  p resen ted  b y  th e  A m erican  
Ch em ical So ciety , all p resen t new developm ents in  th e  service 
of ch em istry  to  c iv ilization  a n d  show  to  w h a t ex te n t exhibits 
in te resting  to  b o th  th e  chem ist and  th e  public  m ay  be m ade a 
p a r t  of th e  exposition. T h e  dem o n stra tio n  of such new  develop­
m ents is believed to  be m ore effective th a n  th e  use of booths to

display numbers of specimen bottles filled w ith materials already 
familiar to those who v isit the exposition.

The experience of certain groups of chemical engineering 
students in utilizing the opportunities for instruction afforded 
by the exposition led to the initiation of a new policy a t the  
N inth Exposition. Before the summer vacation professors were 
invited to enrol members of their classes, particularly juniors 
in chemical engineering, in a Students’ Course on the Funda­
m entals of Chemical Engineering and Industrial Chemical 
Practice. Of those who registered about 125 took the course, 
which had the following major topics:
1— P lan t E quipm ent in th e C hem ical Industries

a) D isin tegration— Crushing and Grinding
b) M echanical Separation— Grading  

General d iscussion led b y  G a le n  H . C le v e n g e r
(c) Separation of Solids from  Liquids— T hick cn in g, F iltration , C en trif­

ugal Separation  
General discussion  led b y  H . N . S p ic e r  

(rf) Separation w ith  Phase Change— E vap oration , D istilla tion , D ry in g  
General discussion  led b y  W . H . M cA d am s  

(e) H andling of M aterials
General discussion led by A . E. M a s s h a u ,

2— M aterials of C onstruction, W h at M ateria ls to  U se: W hen. W here, and  
W hy

General discussion  led b y  W . S. C alcott
3— C hem icals in C om m erce, the D istrib u tion  of C hem icals  

General d iscussion  ied b y  K. V. P eters

Under each of these topics a number of specialists contributed  
from their experience, and this, together w ith afternoons and 
evenings spent in the studies of exhibits and of industrial m otion  
pictures, led up to a  general review, various quizzes, and a  check­
ing of reports. To facilitate the arrangement of the course Colum­
bia University generously arranged /or housing visiting students. 
The students’ course satisfactorily replaced the special addresses 
heretofore included in the program of the exposition. Each after­
noon and evening special programs of m otion pictures were offered, 
these being industrial in character and especially informing.

W ith this year the plan of the exposition is to be changed to 
biennial. This should result in an increase in the number of 
exhibits, the ease w ith which they are planned, and the interest 
which they carry when the Tenth Exposition is opened. The 
chemical manufacturers them selves m ust not fail in their sup­
port of the enterprise, since it  is directly in their interest to 
assist in thus bringing to the public a clearer understanding of 
w hat the chemical industry as a whole m eans to it. T he view  
held by some that the only people exhibitors carc to have call 
a t their booths are those in position to leave an order, we believe 
to be narrow, for, while few of the exhibitors cater directly to 
the public through retail channels, y e t  ultim ately all the products 
of the industry are consumed b y  individuals whose interest 
should be secured and held. Very few of the questions asked 
by the visiting public are unintelligent, and the effort made this 
year to have exhibits clearly understood seems to be an argument 
against discouraging the attendance of the general public.

T he management deserves much credit for the wide publicity  
given the exposition. The attendance of a large number of 
business men is due to its efforts. To describe the individual 
exhibits would require more space than is available here, but 
if the number of exhibitors was less than last year, there is no 
doubt but that the interest of the visitor w as more securely 
held than on previous occasions. T he chem ists are grateful 
for the support given the enterprise, and the A m e ric an  C h e m ic a l 
S o c ie ty  acknowledges w ith appreciation those laboratories 
which contributed examples of their work to prove that research 
does earn dividends.

All in all the N inth  Exposition showed a marked improvement 
over the Eighth and m ay be taken as an indication that the one 
two years hence w ill be the best of its kind yet conceived.
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American Chemical Society Exhibit
I t  is the privilege of T in s  J o u r n a l  to  publish from tim e to 

tim e references to  the earning power of research, and in line with  
this policy there were shown at the booth of the S o c ie ty  a few  
concrete examples of research as a factor in earning dividends. 
M aterials displayed were contributed by the Industrial Fibre 
Com pany, the N ational Lamp Works of the General Electric 
Company, the Geophysical Laboratory of the Carnegie Institu­
tion of W ashington, the Union Carbide & Carbon Research  
Corporation, the General Electric Company, the Ward Baking 
Company, the Union Pacific System , Arthur D. L ittle / Inc., 
and the M iner Laboratories. The materials, arranged in units, 
were m ade self-explanatory by large placards, the wording of 
which is quoted below:

R esea rch  in  G row ing  Sugar

W astes utilized to  prevent other wastes is often the result of 
research. Ten tons more cane per acre (equivalent to one ton  
raw sugar) and 50 to 70 per cent less labor in the field followed 
the use of a paper m ade from waste cane bagasse in the cane 
fields of H awaii to prevent the growth of weeds.

R esea rch  on  W a ter  Su pply

The life of locom otive boilers has been lengthened sevenfold 
and the coal consumed in operation reduced by m any millions 
of tons per year through the application of research to  water 
supply on our railroads. The life of a locom otive fire box 
(costing $1700) on a certain bad water was two years. After 
treating the water properly to prevent corrosion, the steel lasted  
fourteen years, making a saving of more than $700 per locom otive 
per year.

R esea rch  in  B read  M a king

Two outstanding examples of the value of research to the  
baking industry:

(1) A food for yeast, consisting of a mixture of mineral salts, 
prevents a yearly waste in the ferm entation process of 2 0 0 ,0 0 0

barrels of flour, 30,000 barrels of sugar, and 15,000,000 pounds 
of yeast. These savings reach the amazing total of $5,000,000 
yearly.

(2) A loaf of w hite bread which contains within itself all the 
elements necessary for a  com plete diet. T he com position to 
this bread and the com parative feeding experiments on animals 
are shown. Experim ents on human subjects have not ye t been 
completed.

R e s e a r c h  a n d  X -R a y s  
The modern efficient X -ray tube is distinctly a product of 

research, and is becoming more and more a tool for further 
research. Its uses in treating disease, in watching the functions 
of the v ital organs in the human body, and in detecting foreign 
substances in living and inanim ate bodies are well known. 
The use of X -rays in determining the constitution of m atter  
(space arrangement of atom s in the molecules) is still in its 
infancy, but results already achieved indicate th at future ac­
com plishm ents in this field will be of extreme importance in the  
solution of this problem.

R e s e a r c h  in  E l e c t r i c  L ig h t in g  
Organized and continuous research on the lighting problem  

has produced types of lam ps with which this country’s lighting 
bill in 1 9 2 2  was one and a half billion dollars less than the cost 
of the same am ount of light if the best lam ps available less than  
20 years ago had been used. This represents a saving, among 
other things, of 25,000,000 tons of coal.

R e s e a r c h  o n  W a s te  M a t e r i a l  
The value of oat hulls is increased 800 per cent by conversion  

into furfural, the cheapest commercial aldehyde, having many  
industrial uses. Thus through research a  waste becomes a  raw 
material for a new industry.

R e s e a r c h  a n d  A r t i f i c i a l  S i lk  
Through research, wood pulp and other cellulose materials 

valued a t approximately five cents per pound are converted into  
artificial silk, valued at an average of $2.50 per pound. The  
value of the artificial silk produced in the United States is ap­
proxim ately forty-five million dollars per year.

This exhibit shows viscose silk made from wood pulp.
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Accelerators of Vulcanization
By G. Stafford W hitby

M cG il l  U n iv e r s it y , M o n t r e a l , C anada

H AD it not been that the mixture employed contained 
a catalyst, Goodyear might not have discovered the 
peculiar effect of heating rubber with sulfur, now 

known as vulcanization, which involves such an important 
change in the physical properties of rubber that it is the 
basis of the present-day rubber manu­
facturing industry. The catalyst used 
by Goodyear was an inorganic lead com­
pound, and inorganic catalysts, particu­
larly oxides of lead, calcium, and mag­
nesium, have been continuously and 
largely used by the rubber industry, al­
though it is only recently that an ex­
planation of their mode of action1 has 
seemed possible.

Within the last decade it has been found 
that many organic compounds act as ac­
celerators of vulcanization, and a number 
of such compounds have come into wide 
technical use. Organic accelerators have 
proved to possess capabilities so much 
wider and more valuable than those of 
inorganic accelerators, that they have 
attracted much more study than has 
been given to the latter. Furthermore 
at the time their existence was discov­
ered, rubber manufacturing, which had 
previously been conducted on almost 
entirely empirical lines, began to be 
an object of scientific study.

To designate an agent which when present in a small 
proportion hastens the rate of vulcanization of rubber, the 
term "accelerator” is preferred to “catalyst,” because it is 
believed that, in some cases at least, not the agent originally 
introduced into the rubber, but a product derived from it 
by decomposition or reaction is the actual catalyst, and 
because it is not improbable that in some cases the active 
substance is gradually changed during the course of vulcan­
ization into an inactive product. Few or no investigations, 
however, have been made to determine the possibility of 
isolating quantitatively from a vulcanizate an accelerator 
originally introduced.

The number of compounds capable of accelerating vul­
canization is so large, they vary so much in potency and in 
the character of their effects, and their potency is influenced 
so much by some components of rubber mixings other than 
rubber and sulfur, that the field which they present for both 
scientific and technical investigation is very large. Among 
the accelerators which are or have been most widely used in 
technical practice are the following: aniline, hexamethylene- 
tetramine, anhydroacetaldehydeaniline, aldehyde ammonia, 
and thiocarbanilide. These may be considered as repre­
sentative of the following three classes of substances in which 
many accelerators have been found: (1) bases; (2) conden­
sation products of aldehydes with ammonia or amines; 
(3) thioureas. Most of the accelerators used technically

1 B edford  and  W in k lem an , in  a p aper presen ted  before th e  D iv ision  
o f  R ubber C h em istry  a t  th e  65th  M eetin g  o f th e  A m erican C hem ical S ocie ty , 
N ew  H aven , C onn ., A pril 2  to  7, 1923; S eid l, G u m m i-Z .,  25, 7 10 , 748  (1911); 
S co tt an d  B edford , T h is  J o u r n a l , 13, 125 (1921).

are comparatively mild in their action. The order of their 
potency may be indicated roughly by saying that 1 per 
cent will reduce the time of vulcanization to one-half to 
one-sixth of that required in the absence of an artificial accel­
erator.

U l t r a - A c c e l e r a t o r s

Within the past three years or so the 
attention of investigators has been di­
rected chiefly to classes of substances, the 
potency of which as vulcanization accel­
erators is of a much higher order than 
that just indicated. These more active 
agents have been distinguished from the 
milder ones by calling them “ultra-accel­
erators.” Their activity is such that 
they can produce vulcanization with a 
proportion of sulfur which would be too 
small and at a temperature which would 
be too low for vulcanization in their 
absence. The term “ultra-accelerator” 
has been defined by the writer in the 
sense of this ability.2 In the future the 
distinguishing prefix “ultra” may no 
longer be necessary, for the possibilities 
which such accelerators present are so 
valuable that probably they will in the 
course of time be the main class of ac­
celerators used in practice. Their general 

employment will demand some modifications in present-day 
manufacturing operations and a great deal more study be­
fore completely satisfactory results can be obtained.

The degree of potency of ultra-accelerators may be illus­
trated by some data (obtained in conjunction with A. H. 
Smith) on the dithiocarbamate obtained by the addition of 
piperidine to carbon disulfide—piperidinium pentamethyl- 
enedithiocarbamate (C5Hj0N.CS. SNH2C5H 10) .

Table I and Figs. 1 and 2 show the effect of one part of the 
accelerator on the vulcanization of a mixture (rubber, 90; 
sulfur, 10; zinc oxide, 10 parts) which is vulcanizable without 
an accelerator.

T a b l e  I — V u l c a n iz a t io n  ok M ix t u r e  A 
W it h o u t  A c c e l e r a t o r  W it h  A c c e l e r a t o r

jume ,   , a line ,-------------
H ours T B a -Í-J3 100 L w r  M in u tes  T g ?  L ß °  100 Luo

C ures at 1 4 1 °  C .
1 1300 970 12,010 845 1 3440 810 27,864 585
2 1440 940 13,536 808 2 3125 685 21,406 466
3 2200 805 19,030 694 3 355 280 994
4 2000 815 16,300 643

C ures a t 131
5

° c .
300 205 615

1 690 1060 7,314 (1084) 1 2740 850 23,290 659
2 1030 1030 10,609 968 2 3500 750 26,250 535
3 1093 971 10,613 891 3 3450 710 24 ,495 480
4 1410 930 13,113 813 5 365 290 1,058
5 1500 895 13,425 763
a B reaking stress in  pounds per square inch. 
b P ercentage length  a t  break. 
c T en sile  product.
¿ P e rcen ta g e  length  a t  a load  of 750  p oun d s per square in ch .

At 1410 C. (Fig. 1) vulcanization for 1 minute with the accel­
erator serves to bring the stress-strain curve to a lower posi­
tion than vulcanization for 4 hours without it, and vulcan-

1 J .  Soc. C h tm . I n d . ,  *2 , 3B9R  (1923).

G . S t a f f o r d  W h it b y
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ization for 3 minutes with the accelerator results in a brittle 
product—that is, in a complete overcure. It would appear 
that without the accelerator a cure for about 300 minutes 
would be required to bring the curve to as low a position as 
that occupied by the curve obtained by vulcanization for 
1 minute with the accelerator. Hence, the acceleration 
factor for 1 per cent of this accelerator in the mixture in 
question is about 300° at 141 °C . At 131 ° C. (Fig. 2) vulcani­
zation for 1 minute with the accelerator brings the curve into 
a lower position than vulcanization for 5 hours without it, 
and vulcanization for 5 minutes leads to a complete overcure. 
It would appear that without the accelerator a cure for nearly 
7 hours would be necessary to bring the curve into as low 
a position as that occupied by the curve corresponding to 
the one obtained by curing for 1 minute with the accelerator.

F i g . 1— V u l c a n iz a t io n s  a t  141° o p  M ix t u r e  A  (1 t o  4  H o u r s  w it h ­
o u t  A c c e l e r a t o r ; I  to  5  M in u t e s  w it h  A c c e l e r a t o r )

On the basis of the stress-strain curves, then, 1 per cent 
of the accelerator, in the presence of 10 parts of zinc oxide, 
increases the speed of vulcanization of a 90:10 rubber-sulfur 
mixture 300 to 400 times at temperatures from 131 ° to 141 ° C.

In Table II the potency of the accelerator is still more 
evident. This table shows the effect of one part of the accel­
erator on Mixture B (rubber, 90; sulfur, 2; zinc oxide, 10) 
which is for all practical purposes unvulcanizable in the 
absence of the accelerator.

T a b l e  I I — V u l c a n iz a t io n  o f  M ix t u r e  B w it h  A c c e le r a t o r

T im e
M in u tes T d L b

T b X L b

100 L~, so

2 505
C ures at 1 4 1 ° C. 

420 2,121
5 305 310 945

10 300 320 960

2 3630
C ures at 13 1 °  C. 

850 30,855 583
5 3770 760 28,652 505

10 450 375 1,687 • •.
20 460 390 1,794

5 3500
C ures at 1 1 5 °  C.

855 29,925 617
10 4300 790 33.970 550
20 3930 740 29.0S2 485
30 4100 735 30,135 468
60 3180 670 21,306 468

W ith ou t th e  accelerator, h ea tin g  for periods of 1, 2, 3, and 4 hours 
gave  p roducts w hich were p ractica lly  u nvu lcan ized , th e  h igh est va lu e  for 
T j;  for a n y  one sh e et b eing less than  100 p oun d s per square inch .

In the absence of the accelerator the material remains 
practically unvulcanized after heating for 4 hours at 141 ° C. 
In its presence the stock is badly overcured by heating for 
2 minutes at the same temperature and well cured by heating 
for 2 minutes at 131 ° F. or for 5 minutes at 115° F. The ten­
sile strength obtainable in the vulcanized product is greatly 
increased by the use of the accelerator (Figs. 1 and 2).

Ultra-accelerators increase the speed of vulcanization so 
greatly that with their aid it becomes possible to vulcanize 
rubber mixtures at room temperatures. Their practical 
use for the cold vulcanization of rubber goods is as yet hardly 
beyond the experimental stage. A great deal of investiga­
tion must be conducted on the proportion of sulfur, choice 
of accelerator, proportion of accelerator, and composition

of the mixture before the vulcanization of the various rubber 
mixtures in a tire, for example, can be satisfactorily and 
simultaneously conducted in the cold, to give a product pos­
sessing all possible improved physical properties and also 
aging well. But ultimately rubber manufacturers will prob­
ably find it possible to dispense with much of the expensive 
equipment now required for hot vulcanization.

Some evidence indicates that many accelerators improve 
the aging of vulcanized rubber, especially when the propor­
tion of sulfur and accelerator is rightly balanced.3 A 
more intensive study of the nature of aging is desirable. 
Marzetti4 concludes that aging is essentially dependent upon 
the absorption of oxygen by rubber. It should be possible 
to choose accelerators of such a nature and to use them under 
such conditions that rubber goods with aging properties 
greatly superior to those of the products now usually made 
can be prepared.

One of the difficulties which may attend the practical 
employment of ultra-accelerators, because of the great 
activity of these substances, is “scorching,” or premature 
vulcanization, during the mixing and other preliminary 
operations. This difficulty, however, is not likely to prove 
insuperable. Various preventative procedures have already 
been suggested.6

R e a c t i o n s  o f  U l t r a - A c c e l e r a t o r s  i n  V u l c a n i z a t i o n

The question of the reactions of accelerators during vul­
canization raises some interesting points in organic chemistry. 
As Bedford and Sebrell6 have remarked, while the reactions 
of organic compounds with sulfur have hitherto been of 
interest with respect to the sulfur colors, such reactions now 
become of interest with respect to the vulcanization of rubber. 
A study of the behavior of organic compounds, such as those 
employed as vulcanization accelerators, towards sulfur at 
temperatures lower than the temperatures used in the pro­
duction of sulfur dyes is desirable.

Within the two or three years during which the reactions 
and mode of action of vulcanization accelerators have re­
ceived attention, very satisfactory progress has been made. 
A scheme intended to cover a number of cases has been 
put forward by Bruni and Romani,7 and a more compre- 

L

F ig . 2— V u l c a n iz a t io n s  a t  131° ( I 1/*  t o  5 H o u r s  w it h o u t  A c c e l -* 
e r a t o r ; O t h e r  C u r e s  w it h  A c c e l e r a t o r )

hensive one by Bedford and his co-workers.8 There are, 
however, many elements of speculation in both these schemes, 
which to a large extent must be regarded as merely suggestive 
of the types of reactions which accelerators probably undergo

3 S ch id row itz an d  B u rnand, J .  Soc. C hem . I n d . ,  40, 268T  (1921); W h itb y  
and W alk er, T h is  J o u r n a l , 13, 816  (1921); M a rzetti, G iortt. ch itn . in d . 
app lica ta , 5, 122 (1923 ).

* h o c . c it.
6 P e sta lo zza , In d ia -R u b b er  J . ,  65, 623 (1923); M orton , U . S . P a te n t, 

1,434 ,908  (1922 ); R om an i, L e  C aoutchouc , 19, 11626 (1922).
6 T h is  J o u r n a l , 13, 1034 (1921).
7 B ru n i and  R om an i, In d ia -R u b b er  J . ;  R om an i, L e  Caoutchouc, 19, 

11626 (1922 ).
* T h i s  J o u r n a l , 15, 720  (1923).
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in vulcanization and as offering working hypotheses on which 
to base a closer study of the various classes of compounds 
capable of accelerating vulcanization.

The most active accelerators known belong to the following 
classes of'compounds:

1— S alts o f  d ith iocarbam ic acids from  secon d ary am ines ( R iN .C S .S M )
2— D ith io -a c id s 'a n d  th eir sa lts  (R .C S .S M )
3— X a n th a tes  (R O . C S . SM )

ides yc.Sllj4 — M ercap tobenzoth iazoles and their m ercaptides

5— D isu lfide s  co rre sp o n d in g  to  th e  fo rego ing  c lasses:
(a) T h iuram  d isulfides (R 2N .  C S .S .S .  C S .N R j)
(b) D i-d ith ioacy l d isu lfides ( R .C S .S .S .C S .R )
(c) D ixan th ogcn s ( R O .C S .S .S .C S .O R )
(J) D i-b en zo th iazo le  d isulfides

Bruni and Romani7 found that such disulfides are “auto- 
ultra-accelerators”— that is, they are capable of bringing 
about the rapid vulcanization of rubber in the absence of 
free sulfur.9 These authors assume that this capacity is 
due to the splitting off of sulfur in an active form, accom­
panied by the conversion of the disulfide into a monosulfi.de.10

X .C S .S .S .C S .X  — »- S  +  X .C S .S .C S .X  
They also believe that the accelerating action of accel­

erators in the first four classes is dependent upon their con­
version into the corresponding disulfides. This conversion 
they regard as being brought about by the action of sulfur 
on the zinc salt, the latter being the substance originally 
introduced or being formed from that substance by reaction 
with zinc oxide. The presence of this oxide is essential in 
order that all these accelerators may display their full ac­
tivity.

(X .S )2Zn +  S — > X . S . S . X  +  ZnS 
Certain pieces of evidence tell against the correctness of 

this view. Bedford and Sebrell11 find that zinc dimethyl- 
dithiocarbamate undergoes little or no reaction with sulfur 
when heated with it at vulcanization temperature (in boiling 
xylene). Although from the view stated above, it is reason­
able to expect the disulfides to be somewhat more active 
than the zinc salts, it has been found12 that the disulfides 
of Classes 5a, 5b, and 5c are appreciably less active than the 
corresponding zinc mercaptides of Classes 1, 2, and 3. Maxi-

• A p o in t  o f som e im p o r ta n c e  h e re  is n o t  c lea r— t h a t  is , w h e th e r  su ch  
d isu lfides  w h en  u sed  in  th e  a b sen ce  o f  free  s u lfu r  r e q u ire  z in c  ox id e  to  b rin g  
o u t  th e ir  fu ll cu r in g  p o w er. R o m a n i [Giorn. ch im . in d . app lica la , 3, 197 
(1921 )] s ta t e s  t h a t  v u lc a n iz a tio n  b y  th iu r a m  d isu lfid es  in  th e  a b sen ce  o f 
free  s u lfu r  is  re n d e re d  m o re  en e rg e tic  b y  th e  a d d itio n  o f z in c  ox id e , w h ereas  
B ed fo rd  a n d  S eb re ll [T h is  J o u r n a l , 14, 25  (1922 )] s t a t e  t h a t  z inc  ox ide 
does  n o t  e n h a n c e  th e  a c t iv i ty  o f th e se  co m p o u n d s.

10 S o  far as th e  w riter k now s, i t  has n o t  been exp er im en ta lly  d em on ­
strated  th a t  th e  d isu lfides undergo conversion  to  m onosu lfides w hen heated . 
T h e m eth od  w hich  has been used  in  th e  lab oratory for th is  con version  has  
been trea tm en t w ith  p o tassiu m  cy a n id e . F u rth er , B runi an d  R om ani 
do n o t m ake it  c lear w hether, w hen  vu lcan iza tion  is  con d ucted  in  th e  pres­
ence o f  free sulfur, th e y  regard th e  m onosu lfide, w hich  th e y  b elieve  to  be 
form ed, as com b in in g  w ith  sulfur to  regenerate th e  d isu lfide and  so  a c tiv a te  
th e free sulfur. V ulcan ization  w ith  a d isu lfide ta k es  p lace  m u ch  m ore 
q u ick ly  in  th e  presence o f z inc oxide and free sulfur than  in th e  presence of  
zinc ox id e  a lon e. F u rtherm ore, th e  m onosu lfides, a lth ou gh  n o t q u ite  so  
activ e  as th e  d isu lfides, are, as W h itb y  and S im m ons h a v e  re cen tly  found , 
pow erful accelerators in  th e  p resence o f  z inc oxide.
* In  a n y  case  th e  q uestion  arises— w hat is  th e  co n stitu tion  o f such  organic

S
disulfides? A re th e y  Y .S .S .Y . or Y . ”  Y? If  th e  form er, th e  suggestion

th a t th e y  can sp lit  off su lfur and  g ive  m onosu lfides is less cred ib le th an  if  
th e la tter . T h eir  form ation  from  th io lcs b y  ox id ation  w ould  appear to  
in d icate  th e  form er form ula , w hereas th eir conversion  to  m onosu lfides b y  
trea tm en t w ith  p otassiu m  cyan id e w ould  appear to  in d ica te  th e  la tter .

B edford an d  Sebrell [T h is  J o u r n a l , 14, 25 (1 9 2 2 )] agree w ith  B runi and  
R om ani to  th e  ex ten t o f con clud in g  th a t  one-quarter o f th e  to ta l su lfur of 
th iuram  disu lfides is ava ilab le  for vu lcan ization .

“  T h is  J o u r n a l , 14, 25  (1922).
11 W h itb y  and S im m on s, in a paper presen ted  before th e  D iv is ion  o f  

R ubber C hem istry , a t  th e  65th  M eetin g  o f  th e  A m erican C hem ical S o c ie ty , 
N ew  H a v e n , C onn ., A pril 2 to  7 , 1923.

moil13 has found that when they are melted with zinc oxide 
thiuram di- or monosulfides give zinc dithiocarbamates. 
Bedford and Sebrell11 find that, whereas zinc dimethyl 
dithiocarbamate will vulcanize a rubber-sulfur-zinc oxide 
cement at room temperature, the corresponding thiuram 
disulfide fails to- do so.

Bedford and Sebrell, however, state that in the presence 
of hydrogen sulfide the disulfide will vulcanize at ordinary 
temperature, which result they ascribe to the formation of 
the zinc dithiocarbamate, as follows:

X .S .S .X  +  H 2S — J -2 X .S H  +  S  
2 X .S H  - f  ZnO— ^ ( X .S ) 2Zn +  HjO

Maxiraoffu and Bedford11 almost simultaneously ex­
pressed the view that in the case of all substances belonging 
to Classes 1 to 5, employed in the presence of zinc oxide, 
the active agent is the zinc salt.16 In the case of Classes 
1 to 4 the zinc salt is the substance originally introduced or 
is formed easily by reaction with zinc oxide. In the case of 
Class 5 the zinc salt is formed, according to Maximoff, 
by reaction with zinc oxide, and according to Bedford, by 
reaction with hydrogen sulfide and zinc oxide.

Other evidence supports the view that {he zinc salts, and 
not the disulfides, are the active agents. Bedford supposes 
that the zinc salts function through the formation of poly­
sulfides. While this is not improbable, there is as yet little 
direct experimental evidence in favor of this belief.

R e a c tio n s  o f  Ot h e r  A c c el er a to r s

Bruni and Romani have with some ingenuity sought to 
bring a large number of other types of accelerators within 
the same scheme as that which they propose for Classes 
1 to 5, but all their suggestions call for closer investigation 
before they can be accepted. These authors give the follow­
ing scheme for thiocarbanilide:

Under the influence of heat the accelerator breaks down into 
phenyl mustard oil and aniline. The phenyl mustard oil then  
reacts with sulfur to give mercaptobenzothiazole, which, in the 
manner already suggested, is converted into the disulfide.

SC (N H Ph)2 — >- P hN H 2 +  PhN C S  
/N Í

PhN C S +  S - c ,h / C .S H

Since mercaptobenzothiazole can also be obtained by 
the action of sulfur on other disubstituted thioureas, on 
mono- and on trisubstituted thioureas, on dimethylaniline, 
and on methyleneaniline, Bruni and Romani consider that 
the accelerating action of all these substances can be brought 
into the same scheme. Romani16 has suggested that the 
mode of action of accelerators, such as aldehyde ammonia, 
hydrobenzamide, and furfuramide, formed by the condensa­
tion of an aldehyde with ammonia, can be similarly envisaged. 
He suggests that such substances give rise to the aldehyde 
and ammonia, that the ammonia forms polysulfides with 
hydrogen sulfide generated during vulcanization,17 and 
that the polysulfides form a dithio acid (accelerator of Class 
3) with the aldehyde.

The case of thiocarbanilide has also been discussed by 
others. Kratz, Flower, and Coolidge18 concluded that its

‘i L e  Caoutchouc. 18, 109S6 (1921).
« Ib id .,  18, 10944, 10980 (1921).
» E a r lie r  Bedford and S co tt [T h is  J o u r n a l , 12, 31 (1 9 2 0 )] had ex­

pressed a different v iew  as to  th e  m ode o f action  of d ith iocarbam ates. T h ey  
supposed  th a t  a t  vu lcan izing  tem p eratu res such  com p ou nd s as th e  p iper-  
id in ium  sa lt o f p en tam eth y len ed ith iocarb am ic acid  and th e  d im eth y l-  
am m onium  sa lt  o f  d im eth y ld ith iocarb am ic acid  lo se  hydrogen  sulfide to  
g iv e  th ioureas. A pparently , a t  th is  t im e  th e  im p ortan t re lation  o f zinc  
oxide to  such accelerators w as n ot recognized.

11 L e  Caoutchouc, 19, 11626 (1922).
n  T h is  reaction  has been described  as a m ethod  o f preparing d ith io  

acids b y  Bruni and L ev i [A tti accad. L in ce i, [5] 32, 5 (1923) J.
»  T h is  J o u r n a l , 12, 317 (1920).
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action is dependent essentially upon the aniline formed by 
its decomposition into aniline and phenyl mustard oil. They 
considered the latter substance to be inactive.19 Bedford 
and Sebrell6 believe that thiocarbanilide accelerates vul­
canization by reacting, in its tautomeric form, P hN : C- 
(SH ).NH Ph, to form a zinc mercaptide, which, as in the 
case of Classes 1 to 5, they believe to be the active substance. 
These authors state that the formation of mercaptobenzo­
thiazole from thiocarbanilide under the influence of heat 
and sulfur does not occur, as the views of Bruni and Romani 
would demand, at the temperature of vulcanization. They 
quote some suggestive experiments in support of their view.

The ideas of Bedford have undergone much modification 
during their development, but his final belief apparently 
is that most cases of acceleration are due to polysulfide 
formation on the part of the thiole20 or disulfide21 groups.

Some investigators14'11 hold that an important factor in the 
ability of certain compounds containing an —SH group to 
act as accelerators and of certain metallic oxides to “activate” 
such compounds is the stability of the mercaptides in ques­
tion. Yet recent experiments22 show that, although the 
heavy metal salts of accelerators in Classes 1 to 4 are dis­
tinguished in general by remarkable stability, the mere 
ability to form mercaptides, even of zinc, which are stable 
at vulcanizing temperatures is not enough to confer accel­
erating power, as some stable mercaptides, such as zinc 
phenylthiobiazolthione mercaptide, have little or no accel­
erating power.

D i s p e r s i n g  A g e n t s  a s  A c c e l e r a t o r s

Recent experiments23 have introduced a new factor for 
consideration with respect to the mechanism of accelerator 
action. They make it appear that in some cases accelerators 
may owe part or all of their effect on the rate of vulcaniza­
tion, not to action on the sulfur, but to action on the caout­
chouc.24 It has been shown that soaps hasten vulcaniza­
tion in the presence of recognized vulcanization accelerators.25

19 W h itb y  and  D olid  (paper presen ted  before th e  D iv is ion  o f R ub b er  
C h em istry  a t  th e  65th  M eetin g  o f th e  A m erican  C hem ical S o c ie ty , N ew  
H aven , C onn ., A pril 2 to  7 ,1 9 2 3 )  h a v e  found th a t m ustard  o ils d isso lv e  rub­
ber to  g iv e  str ik in g ly  lim pid  so lu tion s. I t  is  therefore p ossib le th a t , a l­
th ou gh  m ustard  o ils  m ay  n o t accelerate vu lcan iza tion  b y  a ctiv a tin g  sulfur, 
th e y  m ay  do so  b y  increasing th e  degree o f d ispersion  o f caou tch ou c.

20 T h e — S H  group m ay  be orig in ally  p resent in  th e  m olecu le, as in  th e  
case  o f  C lasses 1 to  4 , or it  m ay  b e form ed b y  tau tom eriza tion , as in  th e  case  
o f  th iocarban ilid e. W h itb y  and  S im m on s report th a t  in  general w here th e  
occurrence of an  — S H  group dep en ds upon tau tom erization , accelerating  
pow er is  ab sen t or com p ara tively  low . In  an  earlier paper [S cott and  B ed ­
ford , T h is  J o u r n a l , 13, 125 (1921 )] i t  w as suggested  th a t  in  th e  case  o f a 
large num ber o f accelera tors— S H  groups arise b y  th e  ad d ition  o f hydrogen  
sulfide to  am m on ia  or an  am in e, and  such  accelerators w ere described  as  
“ hydrogen  su lfid e polysu lfide"  accelerators. B u t ap p aren tly  th is  su gges­
tion  h as been m odified or abandoned.®

21 In  som e cases d isu lfides arc supposed  to  b e  form ed b y  sulfur reaction . 
Y e t, w hile  in th e  case  o f accelerators o f  C lass 5 , ac tin g  in  th e presence of 
zinc ox id e , th is  au thor regards d isu lfides a s  b ein g  reduced  to  th io les prior 
to  p o ly su lfid e  form ation , in th e  case  o f  th e  d isu lfides w hich  h e  regards as 
b ein g  form ed b y  su lfur reaction  from  such  accelerators as arom atic diam ines,*  
and  in  th e  case  o f accelerators o f C lass 5; ac tin g  in  th e  ab sen ce o f  z inc  
o x id e ,11 he regards th e  d isu lfides th em se lv es  as undergoing polysu lfid e  
form ation .

22 W h itb y  and  S im m o n s, loc. c it.;  W h itb y , R o y . Soc . C anada , M a y , 
1923.

28 W h itb y  and  C am bron, J .  Soc . C hem . I n d . ,  42, 333T  (1923); W h itb y  
and S im m on s, loc. c it.

24 S om e in d irect ev id en ce for th e  v ie w  th a t accelerators m ay  affect 
th e  rubber rath er th an  th e  sulfur w as ad van ced  b y  L e B la n c  and  K roger  
[Z. E lek trochcm ., 27, 335 (1 9 2 1 )]. T h ese  au thors fou nd , in  exp erim en ts on  
th e  ra te  o f gel form ation  in  rubber-sulfur cem en ts , th a t  so lv en ts  o f h igh  
d ielectric  co n sta n t, g iv in g  rubber so lu tion s o f  low  v isc o s ity  (so lu tion s in  
w hich  th e rubber is  " d ep olym crized ”) ,  led  to  a m ore rapid gellin g  th an  
so lv en ts  o f low er d ielectric  c o n sta n t, g iv in g  so lu tion s o f  h igher v isco s ity ,  
and  th a t  accelerators b oth  reduced  th e  v isco s ity  and  h asten ed  gel form ation .

28 U ltra-accelerators w ere u sed , b u t i t  is  prob able th a t ’ soap s h a v e  a 
sim ilar effect on vu lcan iza tion  in  th e  p resence o f m ilder accelerators and of 
th e  accelerators n atu ra lly  presen t in  raw  rubber.

Their effect is presumably to increase the degree of disper­
sion of the caoutchouc, or of its sulfur reaction product.

Many accelerators are bases,26 others, like aldehyde am­
monia, may give rise to bases by decomposition; and others, 
like piperidinium pentamethylenedithiocarbamate, may give 
rise to bases as a result of reaction with zinc oxide. Such 
bases, if sufficiently strong, will give rise to soaps by neu­
tralizing the acids of which the rubber resin has recently 
been shown largely to consist.27 The formation of soaps 
in this way not only increases the rate of vulcanization, but 
also leads to enhanced tensile strength in the vulcanized 
product.28

The action of an accelerator such as piperidinium penta­
methylenedithiocarbamate is believed to depend upon the 
formation of two substances— (1) the zinc dithiocarbamate, 
and (2) piperidinium salts (soaps) of the resin acids. Repre­
senting the acids of the rubber resin as HA, the reactions 
which probably occur in a rubber stock containing zinc oxide 
and an accelerator of the type just mentioned may be shown 
as follows:
2C 6H ioN .C S .S N H 2C6H10 +  ZnO +  2H A — ^ (C 6H ,„N .C S .S )2Zn 

+  2 A .N H 2C6H 10 +  H 20
It is probable that some of the phenomena in rubber which 

have been described as “depolymerization” and “polymer­
ization” are in reality merely changes, such as those caused 
by the introduction of soaps, in the degree of dispersion of 
the caoutchouc.

28 C au stic  a lk a lies a c t  as vu lcan iza tion  accelerators. T w iss  [J. Soc. 
C hem . I n d . ,  36 , 782 (1 9 1 7 )], w ho is  resp on sible for th e  m o st com p lete  stu d y  
of cau stic  a lk a lies as accelerators, m en tion ed  th e  p o ssib ility  o f  such acceler­
ators fu n ction in g  b y  actin g  on th e  rubber rather th an  on th e  sulfur. T w iss  
and  T h om as [Ib id ., 40, 4 8 T  (1921 )] d isproved  th e  suggestion  th a t  th e  
acceleratin g  action  o f ca u stic  a lk a lies and o th er  b ases is  d ue to  th eir c a ta ­
ly t ic  effect on th e tran sform ation  o f S p  in to  SX. S co tt  and B edford [T h is  
J o u r n a l , 13, 125 (1 9 2 1 )] regarded cau stic  a lk a lies as fu nction in g  through  
th e  form ation o f p o lysu lfid es on  th e  p art o f th e  hydrosu lfides supposed  to  
arise from  th em  b y  th e  action  o f  hydrogen  sulfide. B edford an d  Sebrell® 
considered  th e  action  o f sodiu m  p h en olatcs as accelerators to  be d ue to  
reaction  o f  su lfur w ith  th e  arom atic n ucleu s lead in g  to  a disulfide— for 
exam p le , N a O .C e H i.S .S .C e H i .O N a , from  w hich  p o lysu lfid es are form ed.

27 W h itb y  and W in n , J .  Soc. C hem . I n d . ,  42, 3 36T  (1923 ).
28 T h is ob servation  m ay  p rove to  be o f sign ificance w ith  regard to  th e  

q uestion  o f th e stru ctu re o f e la stic  gels.

Huge Sale of Pulp Timber by Forest Service
The largest sale of pulp timber ever m ade by the United  

States Forest Service was announced recently. The transaction  
involves 334,000,000 cubic feet of timber in the Tongass National 
Forest, Alaska. T he buyer, the firm of H utton, M cNear & 
Dougherty, of San Francisco, has agreed as part of the considera­
tion for the timber to  build a pulp manufacturing plant of not 
less than 100  tons daily capacity, and ultim ately w ith a daily 
capacity of 200 tons, a t the Cascade Creek water-power site on 
Thom as Bay, 20 m iles from Petersburg, Alaska, within the  
Tongass N ational Forest. I t  is understood that the firm plans to  
instal a com plete newsprint plant w ith a daily capacity of 2 0 0  tons.

According to  the plans of the Forest Service for this sale unit, 
as well as for all pulp timber developm ents in Alaska, the timber 
will be cut on a perpetual supply basis, enough seed trees being 
left to  insure com plete natural reproduction. The volum e of 
pulp tim ber and the area of timber-growing land within the unit, 
reserved from other disposition, are sufficient to afford a perma­
nent source of raw material for this enterprise.

Under the perpetual timber supply plan at least 1,500,000 
tons of paper can ultim ately be produced in  Alaska every year. 
This am ount is more than one-half of the newsprint now con­
sumed annually in the United States and nearly 20 per cent of 
the total consum ption of all kinds of paper and wood fiber prod­
ucts. As each new unit of timber and water power is developed 
in Alaska, the manufacturing capacity will be gaged to the 
timber supply and growing power of the land so that there will 
be no depletion of raw material.

The Cascade Creek sale is in line w ith the policy for the de­
velopm ent of the national forest in Alaska, which was a subject 
of special study by President Harding during his trip to the 
Territory and which received his indorsement.
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-Mercaptobenzothiazole and Its Derivatives as Accelerators 
of Rubber Vulcanization1,2,3

By L. B. Sebrell and C. E. Boord

O h io  S t a t e  U n iv e r s it y , C o l u m b u s , O hio

In a separate paper- the preparation and properties of 1-mer­
captobenzothiazole and six  of its substituted derivatives have been 
fu lly  described. Three of these methods are new. The mechanism  
of the reactions involved in these preparations has been fu lly  dis­
cussed. For six  of these mercaptothiazoles the disulfides have also 
been described, and in two cases the zinc and lead salts.

Mercaptobenzothiazole and its substituted derivatives show the 
following relative activity as accelerators of vulcanization: ( / )
3-methyl, (2) 3 ,5-dimethyl, (3) unsubstituted, (4) 4-methyl, (5) 
5-methyl, (6 ) 5-ethoxy, (7) 5-methoxy. Several compounds with a 
structure analogous to I-mercaptobenzothiazole were prepared and  
their accelerating values determined. The mercaptobenzothiazoles 
have no value as accelerators except in the presence of zinc oxide. 
The zinc and normal lead salts of these thiazoles are faster curing 
than the corresponding free thiazoles. The zinc salt of the I-mer- 
capto-5-methylbenzothiazole and the normal lead salt of l-mercapto-

3-methylbenzothiazole gave the highest accelerating values of any of 
the compounds tested. The disulfides have a lower curing power 
than the corresponding free thiazoles. The accelerating power of 
the mercaptobenzothiazoles is directly connected with the atomic

. II
grouping —S —C —SH . A n y  alteration in this grouping removes 
almost entirely the power to accelerate rubber vulcanization. The 
mercapto group is more essential to the accelerating action than the 
sulfur atom of the thiazole ring. Both are necessary to develop 
the highest accelerating power. A liphatic mercaptothiazoles show 
marked accelerating power but are inferior to the mercaptobenzo­
thiazoles. The metallic salts of the mercaptobenzothiazoles are as­
sumed to be the active agents in producing acceleration.

The existing theories for the mechanism of acceleration by mercapto 
compounds have been given. The results obtained in this work, are 
correlated with the Bedford and Sebrell polysulfide theory.

THE use of 1-mercaptobenzothiazole as an accelerator 
of vulcanization was first suggested by Bedford and 
Sebrell.4 This announcement was closely followed by 

that of Bruni and Romani,5 who set forth in detail a method 
for the preparation of 1-mercaptobenzothiazole by heating 
thiocarbanilide with sulfur under pressure. They also pro­
posed a theory for the mechanism of the accelerating action 
as applied to thiocarbanilide and the thiazole derivatives.

The second paper of Bedford and Sebrell6 revealed that the 
method of preparation described by Bruni and Romani had 
previously been known to them, and pointed out that the 
mechanism used by the latter workers to explain the action 
of thiocarbanilide as an accelerator was untenable.

The present investigation is a continuation of the work of 
Bedford and Sebrell. It has been carried out with the follow­
ing purposes in mind:

1— To make a com parative study of the relative value of 
several derivatives of l-m ercaptobenzotliiazole as accelerators of 
vulcanization.

2 —B y a process of substitution and elim ination to determine 
what part of the mercaptobenzothiazole structure is responsible 
for the accelerating action of these compounds.

1 Presented  before th e D ivision  of R ubber C hem istry  a t  th e  61th  M eet­
ing o f th e  A m erican C hem ical S ocie ty , P ittsb u rgh , P a ., Septem ber 4 to 8,
1922.

J T h is  paper and on e en titled : " T h e Preparation and P roperties o f 1- 
M ercaptobenzothiazole; I ts  H om ologs and D eriv a tiv es ,”  bein g published  
sim u ltan eou sly  in  J .  A m . Chem . Soc ., 45 , 2390 (1923), h ave been abstracted  
from th e d issertation  presented b y  L . B . Sebrell to  the G raduate School of 
Ohio S ta te  U n iversity  in partial fu lfilm ent o f th e requirem ents for the degree 
of doctor of p h ilosop hy, S eptem ber, 1922.

* T h e rem arks o f B ogert and M eyer, J .  A m . C hem . Soc ., 44, 826  (1922), 
concern ing th e  num bering and nom enclature o f ttye ben zoth iazole d eriva­
tiv e s, h ave been noted  w ith  som e in terest. T heir con ten tion  th a t all th e  
atom s of th e  th iazo le ring should  be num bered is correct, b u t for th e sak e of 
uniform ity th e  present authors prefer to  adhere to  th e  sy stem  in  use b y  
C hem ical A  bslracts. F or th is reason , th e  sy stem  as outlined  b y  D ecen n ia l Index  
ot C. A .,  1, 2345 (1 9 0 7 -1916 )— nam ely , o m ittin g  th e  sulfur and b eginn ing the  
uum bcring w ith  th e carbon atom  o f th e th iazo le ring— has been follow ed.

; (Y s\
4 \ / \ N /

3 2
* T i n s  J o u r n a l , 13, 1034 (1921).
1 G iorn. ch tm . ind . app lica ta , 3, 196 (1921).
* T h is  J o u r n a l , 14, 25 (1922).

P r e p a r a t i o n  o f  M a t e r i a l s

I - M e r c a p t o b e n z o t h i a z o l e  a n d  I t s  D e r i v a t i v e s —The 
preparation and properties of 1-mercaptobenzothiazole and 
its 3-methyl, 4-methyl, 5-methyl, 3,5-dimethyl, 5-methoxy, 
and 5-ethoxy derivatives have been fully described in a sepa­
rate paper by the present authors.2 Each of these com­
pounds, with two exceptions where the quantity of material 
was limited, was prepared by four methods. The methods 
were all alike in that the reaction mixtures were heated to­
gether in an autoclave under pressure. The mixtures were 
(1) the corresponding disubstituted thiourea and sulfur, (2) 
the zinc salt of the corresponding aryldithiocarbamie acid 
and sulfur, (3) the ammonium salt of the same acid and sulfur, 
and (4) a mixture of the corresponding aryl amine, carbon 
disulfide and sulfur.7

The first of these methods is the same as used by Bedford 
and Sebrell4 and by Bruni and Romani5 to prepare 1-mer- 
captobenzothiazole. It was extended by the present authors8 
and also by Romani9 to the monomethyl derivatives of this 
same thiazole. The disulfides of the unsubstituted thiazole 
and each of its methylated derivatives were described, as well 
as the normal zinc, normal lead, and basic lead salts of the same 
thiazole and its 3-methyl derivative and the normal zinc salt 
of the 5-methyl derivative. For the details of these prepara­
tions it will be necessary to consult the original article.

O t h e r  B e n z o t h i a z o l e  D e r i v a t i v e s —In order to deter­
mine the particular grouping in the 1-mcrcaptobenzothiazole 
structure responsible for the accelerating action, it became 
necessary to prepare a series of related benzothiazole deriva­
tives. In each case these compounds differed from the true 
1-mercaptobenzothiazole by a single atom or grouping, the 
remaining part of the molecular structure being identical. 
All these substances have been previously described, but the 
details of their preparation are incomplete.

/ S \
1-Hydroxybenzothiazole,10 C cII^^^C O H , was prepared

7 T his m ethod  was suggested  b y  W . J. K elly  of th e G oodyear T ire  
& R ubber C om pany.

» Science, 56, 55 (1922).
* Gazz. chim . ita l., 52, 29 (1922).
»o B er., 12, 1126 (1S79); 13, 9  (1880).
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by the hydrolysis of 1-chlorobenzothiazole, according to the 
method described by Hofmann.10 Long heating of the free 
1-chlorobenzothiazole does not accomplish the hydrolysis. 
However, if the hydrogen chloride addition product of 1- 
chlorobenzothiazole is heated with alcohol for 40 hours, the 
hydrolysis is almost complete. The solution was rendered

strongly acid and precipitated by dilution with water. After 
two recrystallizations from 75 per . cent alcohol 1-hydroxy- 
benzothiazole was obtained as white needles melting at 136° 
C. This is the same melting point as given by Hofmann. 
The hydrolysis of the hydrochloride may be accomplished in a 
much shorter time by heating with alcohol under pressure.

/ s \
1 -Amiclóbenzothiazole, NH ¡, was first pre­

pared by Hofmann11 by the action of alcoholic ammonia on 
1-chlorobenzothiazole at 160° C. In this laboratory the 
method, as described, always yields the product in the form of 
a noncrystallizable sirup. Excellent results were obtained by 
the following method:

Fifteen grams of the 1-chlorobenzothiazole together w ith 45 cc. 
of saturated alcoholic ammonia and 15 cc. of aqueous ammonia 
were sealed in a tube and heated at 200° C. for 4  hours. On 
opening the tube the contents were mixed with 50 per cent alco­
hol, strongly cooled in an ice bath and diluted very slowly with  
water to 1 liter. After standing in an ice box for 12 hours 1- 
am idobenzothiazole was deposited as fine white needles, with 
only a trace of the sirupy impurity. T he yield was 10 grams. 
This product after recrystallization from benzene m elted at 127° 
C., compared w ith 129° C. recorded by Hofmann.

/ 0 \
1 -M ercaptobenzoxazole, C e H ^ ^ C S H , was prepared by

refluxing an alcoholic solution of o-aminophenol with carbon 
disulfide according to the method of Dünner.12 After the pre­
liminary purification by precipitating from sodium carbonate 
solution, and recrystallization from water, the product melted 
at 193° C., the same as recorded by Dünner.

CH 2— S \

CHs—N / C
the purpose of comparison with 1-mercaptobenzothiazole to 
determine the effect of the aromatic nucleus upon the ac­
celerating power of the mercaptothiazoles. The compound 
was first described by Gabriel13 who prepared it by the action 
of jS-bromoethylamine hydrochloride and carbon disulfide in 
alkaline solution. Some difficulty was experienced in the

■■ B tr . ,  13, 11 (1880).
»Ib id ., a, 465  (1876); 16, 1825 (1883).
» I b id . ,  21, 566 (188S); 22, 1137, 1152 (1889).

ß - M  ercap to th iazo len ,

isolation of both the hydrobromide and its reaction product 
with carbon disulfide, but a sufficient quantity was finally 
obtained to determine its relative value as an accelerator.

R e s u l t s  o f  C o m p o u n d in g  T e s t s

All the compounds listed above were tested to ascertain 
their relative value as accelerators of vulcanization. The 
following experimental formula was used:

1 0 0 .0 0  parts of rubber (smoked sheet)
5 .0 0  parts of zinc oxide
3 .5 0  parts of sulfur
1 .0 0  part of 1-mercaptobenzothiazole or a molecular equiva­

lent of its derivative or analog

With a few exceptions, each of these compounds produced 
very rapid curing in the formula given.

Since many of these substances are rapid and powerful 
accelerators, slight variations in the milling and curing may 
produce differences of some magnitude in the tensile-time 
diagrams. For this reason the conditions of milling and cur­
ing were standardized as follows:

T he stocks were all mixed in 1-kg. batches on a small experi­
m ental mill. After milling for 20 m inutes to break down the 
rubber, the zinc oxide and accelerator were added and mixed 
thoroughly into the stock for 10 minutes. The stock was then 
cooled to the lowest workable temperature and the sulfur added. 
After 5 m inutes further mixing it was removed from the mill. 
All samples were milled as nearly as possible as described above.

T he curing was conducted in a steam  platen press in which the  
temperature was controlled as closely as possible. All cures 
were made in the sam e set of molds, which had been preheated 
before use by allowing them  to remain for a t least 30 m inutes in 
the press a t the required temperature. All the cures were made 
using the same decks of the same press. The vulcanized sheets 
after being removed from the molds were plunged into a tank of 
cold water to stop vulcanization.

The physical data given in the following tables were ob­
tained by two observers on a Scott testing machine using 
dumb-bell test pieces. The average of two or more closely 
agreeing strips is given for each cure.

The results of the physical tests on the cures made with 1- 
mercaptobenzothiazole, its alkyl and alkyloxy derivatives, 
are recorded in Table I, and are represented graphically in 
Figs. 1 and 2. In comparing the relative activity of these

JGSH, was prepared for

compounds, the writers have used as a basis of comparison 
the time in which each compound was judged to give the best 
technical cure. This can best be determined by subjecting 
the stocks themselves to certain arbitrary tests, such as the 
effect of repeated flexing and resistance to tear. The nature 
of the grain as indicated by the appearance of the tear is also
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A c c b l u r a t o r s

1-M ercap tobenzoth iazole

l-M crcap to -3 -m eth y lb en zo th iazo lc

l-M ercap to -5 -m eth y lb en zo th iazo le

l-M ercap to -5 -e th oxyb en zo th iazo le

l-M erca p to -5 -m cth oxyb en zo th iazo le

l-M ercap to -3 -5 -d im eth y lb en zo th iazo le

1-M ercap tobenzoth iazole

l-M ercap to -3 -m eth y lb en zo th iazo le

l-M ercap to -5 -in cth y lb en zo th iazo le

l-M ercap to -5 -eth oxyb en zo th iazo le

l-M ercap to-5-m eth oxyb en zoth iazoIe

l-M ercap to -3 -5 -d in ieth y lb en zo th iazo le

T a b l e  I — P h y sic a i. T e s t s— S t o c k s  C u r e d  w it h  M e r c a pt o h k .n z o t h ia zo le s  
T im e of

c ,lr e  T en sile
M in . 100%  200%  300%  400%  500%  000%  700%  800%  B k . E lon g. P roduct

lin erg y  o f
R esilien ce S t a t e  o f  C u r e

5 2 .5
40

3
p o u n d s  steam  pressure  (141 

4 6 7 12
° C.) 

21 48 92 900 82 8 1 4 9 .5 U nder
10 4 7 1 0 .4 16 24 46 105 160 174 810 1 4 1 .0 309 B est
15 5 12 15 23 33 70 140 216 7S0 168 5 370 S lig h tly  over
30 4 .5 8 13 20 36 75 150 206 7S0 1 6 1 .0 374 Over
45 5 9 1 2 .5 21 34 66 125 1S3 770 1 4 1 .0 318 Over

. 60 5 9 12 19 34 55 114 158 770 121 7 286 Over
5 5 7 12 18 26 58 124 187 187 800 149 5 343 S lig h tly  over

10 7 10 17 25 43 85 167 230 7S0 1 7 9 .5 330 S lig h tly  over
15 7 11 17 24 46 84 165 233 750 1 7 5 .0 371 Over
20 7 11 17 24 40 83 152 224 780 175 408 Over
30 6 10 14 24 39 73 154 228 750 170 3 3 S .5 O ver
45 6 10 16 24 45 83 161 222 780 173 418 Over
00 5 7 12 19 30 54 112 211 800 169 344 Over

i JS 4 5 7 12 15 27 65 122 152 860 131 278 U nder
15 4 6 8 12 19 36 82 151 170 830 141 2 9 0 .6 S ligh tly  under

1 20 5 6 11 14 24 46 100 177 185 S10 150 3 1 2 .6 V ery  s lig h tly  over1 30 4 7 12 17 25 46 138 204 7S0 159 317 V ery good over
45 5 8 12 18 30 60 127 193 780 150 5 3 2 0 .5 Over

[ 60 5 7 12 18 30 66 114 iS 3 197 820 161 3 8 1 .5 Over
f }9 4 6 8 12 17 28 58 99 128 850 109 239 U nder

15 4 6 11 15 24 44 95 149 157 815 128 296 V ery s lig h tly  under
i 30 4 7 14 18 31 62 124 206 206 800 165 363 .Over

45 5 S 12 19 31 60 123 199 199 800 159 358 Over
I 60 5 7 12 18 25 47 94 166 184 825 152 335 Over
' 10 1 3 4 5 7 12 19 3 < $ r  79 975 105 1 7 9 .6 U nder

1,5 3 4 6 7 12 18 36 66 106 900 94 5 204 U nder
20 4 5 7 10 15 24 47 90 121 860 1,04 220 U nder
30 4 6 10 12 23 42 83 144 780 1 J 2 230 U nder
45 3 6 9 14 20 34 69 i 32 153 860 132 3 0 6 .5 F air
60 4 6 10 12 22 40 78 144 150 820 123 273 Good

5 3 4 6 7 11 18 32 74 118 890 105 204 U nd er
10 5 6 11 16 23 46 108 172 182 810 143 319 V ery s lig h tly  o v er
15 4 6 11 17 25 50 120 206 206 800 165 336 Over
20 5 9 14 23 39 77 142 210 780 164 379 Over
30 5 10 13 21 38 77 149 2 Ü 211 800 169 419 O ver
45 5 7 12 18 30 54 113 178 202 825 167 3 7 5 .5 O ver
60 6 7 12 19 30 59 108 190 790 150 321 O ver

xo 1
20

2
p o u n d s  steam  pressure (125  

3 4 5 6
C.)

8 12 13 820 1 0 .7 60 U nder
20 4 6 10 15 21 41 78 152 184 845 155 3 2 6 .6 S lig h tly  under
30 5 8 14 20 31 68 135 230 230 800 184 401 B est
60 5 10 16 24 44 90 174 236 760 179 399 Over
90 5 10 16 25 44 92 174 232 770 178 421 M u ch  over

. 120 5 10 17 25 46 87 173 232 770 178 417 M u ch  over
' 10 4 8 10 16 22 41 89 168 187 8 30 155 318 S lig h tly  under 

S lig h tly  over20 5 10 16 24 40 75 146 248 7Ö0 196 320
30 6 12 19 29 50 103 205 260 750 195 437 Over
60 6 11 19 31 54 110 214 252 740 187 431 Over
90 6 14 20 30 50 110 216 240 730 175 406 M u ch  over

1120 6 14 20 30 54 110 187 240 730 175 391 M u ch  over
20 3 5 8 10 15 26 47 93 140 900 126 277 U nder
30 5 8 10 15 25 48 99 174 174 SOO 139 337 U nd er
60 5 10 16 21 33 76 144 220 790 166 397 G ood .s ligh tly  over
90 5 10 15 24 38 74 150 227 790 172 410 O ver

120 5 10 15 25 42 76 166 213 760 162 369 Over
f 20 3 5 8 10 15 26 50 101 140 890 125 276 U nder

30 5 6 10 1 4 .5 21 35 75 146 182 860 157 338 S lig h tly  under
60 5 10 12 20 31 62 135 195 770 150 323 B est
90

I 120
5 10 15 22 35 71 134 218 770 168 348 Over
5 10 15 24 41 85 152 210 780 164 401 Over

( 20 2 3 4 5 6 10 16 25 64 980 6 2 . 7 139 V ery  m uch under
30 3 4 5 8 12 21 40 72 116 900 105 223 M u ch  under
60 5 7 10 15 21 36 78 136 142 830 118 282 Fair
90 4 6 10 16 25 46 93 165 800 132 283 F air

1 120 5 9 15 20 30 54 108 168 780 131 297 B est
10 2 3 4 5 7 11 18 34 68 940 64 136 U nder
20 4 8 12 17 25 56 112 185 790 146 312 G ood, slig h tly  un ­

30 6 10 15 21 36 74 153 211 765 162 475
der

G ood ,s ligh tly  over
60 5 10 16 26 46 102 200 225 740 167 390 Over
90 5 10 18 27 48 98 185 194 720 140 336 M u ch  over

120 5 10 16 26 46 92 183 199 740 147 363 M u ch  over

taken into consideration. The results of such tests are given 
for each cure in the tables in the column “State of Cure.” 
In some cases the cures were not sufficiently close so that, for 
example, a 5-minute cure might be judged by means of these 
tests to be undercured, while a 10-minute cure would be con­
siderably overcured. In such cases the writers have inter­
polated for the time of best technical cure.

The relative order of activity of these compounds as ac­
celerators cannot well be determined from a comparison of 
the maximum tensiles obtained, since the test sheet which 
would give the highest tensile is in almost all cases overcured 
from a practical standpoint. Any attempt to classify the 
compounds on the basis of the so-called optimum cure, as 
given by either the maximum tensile product or the energy of 
resilience, or a combination of these factors, would be sub­
ject to the same objection as given above for the classification 
in order of maximum tensile.

If it is desired to utilize the stress-strain data in determining 
the relative activity of these compounds, they can, for ex­
ample, be ranked in the order of the highest tensile stress at 
700 per cent elongation given by a 10-ininute cure on each 
compound at 40 pounds steam pressure. In this way the er­
rors inherent in a determination of the maximum tensile 
are avoided. If such a classification is made it will be found 
that the compounds arrange themselves in exactly the same 
order as determined by the best technical cure.

The writers are therefore inclined to classify the various 
mercaptobenzothiazoles according to the time necessary 
to produce the best cure from a practical standpoint as shown 
by the above arbitrary tests, and to use the stress-strain data 
as a measure of the quality of the stocks.

It is realized that the present method of determining the 
relative activity might not seem satisfactory' to all, and 
for this reason the complete data for the physical tests, to ­
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gether with the tensile product and the energy of resilience, 
have been included in the tables.

Since only one formula was used in testing all these acceler­
ators and because in some cases an insufficient number of 
cures have been obtained, it is obvious that the results herein 
presented cannot be considered as representing a complete 
or detailed compounding investigation. They are, however, 
considered satisfactory from the standpoint of determining 
the relative activity of the various mercaptobenzothiazoles 
and their derivatives as accelerators.

Fig. 1 shows the tests made on cures at 40 pounds steam 
pressure, while Fig. 2 gives the same data for cures at 20 
pounds steam pressure. The relative activity of the 1-mer- 
captobenzothiazoles and the time required to produce the best 
technical cure are given in Table II.

T a b l e  I I - - O r d e r  o f  R e a c t iv it y  o p  t h e  1-m e r c a p t o b e n z o t h ia z o l e s  as 
A c c e l e r a t o r s

/—40 P ou n d s Pressure—w—20 P ou n d s P rcssu re-
T im e of 

B est T ech ­ Order of
T im e of 

B est T ech ­ Order of
nical Cure A ctiv ity n ical Cure A ctiv ity

5 m in. 1 IS  m in. 1

8  m in. 2 25  m in. 2
10 m in. 3 30 m in. 3

IS m in. 4 55 m in. 4

20 m in. 5 00 m in. 5

1 hr. 6 2 lirs. 0

SUBSTANCE
1 - M ercapto - 3 - m eth y l- 

b en zo th iazo le . . . . . . . . .
1 - M ercapto - 3 ,5  - di- 

m eth y lb en zo th iazo le .. .  
1 -M ercaptobenzothiazole.
1 - M ercapto - 5  -  m eth y l-

b en zo th iazo le ...................
1 - M ercap to  - 5 - e th oxy-

b eu zo th iazo le..................... ,
1 - M ercapto - 5-m eth oxy- 

b en zo th iazo le...................

The data showing the relative curing power of 1-mercap- 
to-4-methylbenzothiazole are not given in Table II. A 
limited supply of this material prevented it from being in­
cluded when the foregoing tests were made. It had pre­
viously been tested in a different formula. Under these con­
ditions its activity as an accelerator was found to lie between 
the 5-methyl and 3-methyl derivatives, being very close to 
that of 1-mercaptobenzothiazole.

In the absence of zinc oxide the 1-mercaptobenzothiazoles 
are without appreciable accelerating action. Compounded in

the foregoing formula, except that the zinc oxide was omitted,
1-mercaptobenzothiazole cured at 40 pounds steam pressure 
for 2 hours gave a maximum tensile strength of 96 kg. per 
sq. cm. Curing the same mixture at 20 pounds steam pres­
sure for the same time gave a maximum tensile strength of 
50 kg. per sq. cm. These substances, therefore, have no prac­
tical value as accelerators except in the presence of zinc or 
lead oxides. From these results it seems probable that in the 
process of vulcanization the mercaptobenzothiazoles are con­
verted into the corresponding zinc salts, these salts acting as 
the true accelerating agents. To test this assumption the zinc 
and lead salts of 1-mercapto-, l-mercapto-3-methyl, and 1- 
mercapto-5-methylbenzothiazoles were tested in the foregoing 
formula. The results are shown in Tables I l ia  and III6 and 
the tensile-time curves in Figs. 3 and 4.

The zinc salt of the 5-methyl derivative is slightly faster 
in its curing action than the zinc salt of the free 1-mercapto- 
benzothiazole or its 3-methyl derivative. The last two are 
about equal in curing power. On the other hand, the lead 
salt of the 3-methyl derivative is the most active of the 
three lead salts, giving good cures in 15 minutes at 20 pounds 
steam pressure. The two remaining lead salts are about equal 
in activity but vary in the tensile strengths produced.

In all cases the zinc and lead salts of these mercaptobenzo­
thiazoles are much more powerful accelerators than the corre­
sponding free compounds. The zinc salt is, generally, more 
powerful than the corresponding lead salt. These metallic 
salts must also be used with additional metallic oxide to obtain 
their maximum accelerating power.

The disulfides of the several mercaptobenzothiazoles were 
also tested in the foregoing formula, and were found to be 
considerably less active than the free thiazoles.

Two conclusions may be drawn from these facts:
1— T he 1-mercaptobenzothiazoles when used as accelerators 

first form the m etallic salts by action w ith the m etallic oxide 
present. These salts are the active accelerators.

2 —T he salts so formed tend to decompose during the process 
of vulcanization and an excess of the m etallic oxide m ust be pres­
en t to reform the salts and thus m aintain the accelerating action.

T a b l e  I l i a — P h y sic a l  T e s t s : S t o c k s  C u r e d  w it h  t h e  Z in c  S a l t s  o f  M e r c a p t o b e n z o t h ia z o l e  
20  Pounds steam  pressure  (1 2 5 ° C .)

A c c e l e r a t o r

1-M ercap tobenzoth iazo le

l-M ercap to -3 -m eth y lb en zo th iazo !e

l-M ercap to -5 -m eth y lb en zo th iazo le

T im e of 
Cure
M in . 100%  200%  300%  400%  500%  000%  700%  800% B k . E lon g.

T en sile  E n ergy  of
P rodu ct R esilien ce  S t a t e  o f  C u r e

30 8 13 20 29 52 109 202 218 720 155 374 Over
00 8 14 22 30 04 127 221 . . . 230 715 109 4 1 5 .8 Over
90 9 14 23 39 07 130 219 2 2 9 715 103 425 Over

120 9 14 23 37 04 125 200 220 720 158 4 1 7 .0 Over
ISO S 14 21 33 55 106 188 210 720 151 3 7 0 . S Over

15 0 10 15 39 53 104 19S . . . 223 750 107 431 G ood
30 0 11 21 38 73 141 219 238 740 107 4 9 0 .9 O ver
00 0 12 21 30 02 120 218 238 730 174 4 3 4 .4 O ver

120 0 12 IS 32 57 108 200 220 740 1 0 7 .5 418 Over
ISO 0 12 19 33 57 107 190 220 740 103 493 Over

5 5 9 13 21 37 67 133 220 253 825 204 454 S lig h tly  under
10 5 9 13 22 40 SO 142 . . . 200 855 222 3 5 0 .5 U nder
30 0 10 18 20 52 102 183 208 850 228 41S O ver
00 0 12 20 30 00 114 20S 274 745 204 454 O ver

120 0 13 20 34 02 114 211 200 730 190 425 Over
ISO 5 10 20 32 00 104 185 . . . 23S 700 181 4 5 0 .4 Over

A c c e l e r a t o r

T a b l e  III& — P h y sic a l  T e s t s : S t o c k s  C u r e d  w it h  N o r m a l  L e a d  S a l t s  o f  M e r c a p t o b e n z o t h ia z o l e s

20 pou n d s steam  pressure  (12 5 ° C.)
T im e of 

Cure
M in . 100%  200%  300%  400%  500%  000%  700%  800%  B k . E lon g

1 -M ercap tobenzoth iazo le

l-M ercap to -3 -m eth y lb en zo th iazo le

l-M ercap to -5 -m eth y lb en zo th iazo le

T en sile  E n ergy  of 
P rodu ct R esilien ce  S t a t e  o f  C u r e

15 7 S 12 18 30 58 10S 142 700 108 232 G ood
30 0 11 10 25 42 78 145 181 740 134 3 1 5 .7 Over
00 7 12 IS 39 40 97 105 202 710 144 3 1 9 .8 Over
90 0 11 IS 39 40 80 100 200 750 155 3 7 7 .5 Over

120 0 11 17 27 24 SI 111 202 700 154 3 3 9 .4 Over
ISO 7 10 15 25 40 70 129 183 780 143 350 O ver

15 5 9 10 20 45 92 102 250 200 835 217 551 G ood
30 5 9 17 27 40 97 175 255 752 192 400 O ver
00 7 11 17 28 4S 102 ISO 248 785 193 4 9 0 .5 O ver

120 0 12 19 29 50 105 190 241 745 179 413 Over
I ISO 0 10 20 30 54 100 ISO 238nnn 707 182 401 Over

10 3 5 7 9 10 18 30
yuu 

60 Jöb 113 900 1 0 8 .5 2 0 1 .9 U nder
25 5 9 14 20 25 00 120 180 790 142 328 Good
00 5 10 10 20 41 SS 104 225 700 171 3 8 4 .7 Over

120 5 10 15 25 49 92 171 220 770 109 420 Over
ISO 5 10 10 35 45 79 15S 220 S00 710 458 Over
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T e s t s  o n  C o m p o u n d s  S i m i l a r  t o  1 - M e r c a p t o b e n z o -  

t h i a z o l e

ii-Mercaptothiazoline (A), l-mercaptobenzoxazole (B), 
1-amidobenzothiazole (C), and 1-hydroxybenzothiazole (D) 
were also tested for their accelerating action. Each of these 
compounds resembles 1-mercaptobenzothiazole in certain 
parts of its structure. The results of these tests are recorded 
in Tabic IV and shown graphically in Fig. 5.

h 2c — s
\ r

O
.C S H  | 'C S H  

H 2C—

\

1 -M e r c a pt o b e n z o t h ia z o l b (A )
0 ~n /  

(B )

CSH

C N H , \

C G '
(D )

COH

The results show that the M-mercaptothiazoline exerts a 
marked accelerating action, but much less than that of 1- 
mercaptobenzothiazole. This would seem to indicate that 
the accelerating power is invested in the mercaptothiazole 
group. When the sulfur atom of the thiazole ring is replaced 
by oxygen as in l-mercaptobenzoxazole, the accelerating 
action is still evident but much lower than that of either 1- 
mercaptobenzothiazole or /¿-mercaptothiazoline.

If the mercapto group is replaced by an amino or an hy­
droxyl group, as in 1-amidobenzothiazole or 1-hydroxybenzo- 
thiazole, respectively, the accelerating action is very greatly 
diminished; indeed, in the latter substance it is almost entirely 
absent.

The conclusions to be drawn from these results arc as fol­
lows:

1—T he accelcrating action of 1-mercaptobenzothiazole and its 
derivatives is invested primarily in the m ercaptothiazole group. 
The presence of the benzene nucleus adds markedly to  the ac­
celerating value. W hether this is due to  the attendant increase 
in the molecular weight or more d irectly . concerned w ith the  
chemical characteristics of the benzene nucleus, is not ye t deter­
mined.

2 —The atom ic grouping, ^ C S H , is directly responsible
_ S '

for the accelcrating action. Any change in  this grouping either 
greatly diminishes or completely destroys the accelerating value.

3—The mercapto group is more essential to the acceleration 
than the sulfur of the thiazole ring, although both are necessary 
to  the best results.

M e c h a n i s m  o p  A c c e l e r a t i o n  b y  M e r c a p t o b e n z o t h i a z o l e  

D e r i v a t i v e s

Several theories have recently been advanced to explain 
the vulcanization of rubber by organic compounds containing 
the mercapto group. Bruni and Romani5 have proposed the 
following mechanism for the acceleration of vulcanization by 
mercaptobenzothiazoles:

2R—SH +  ZuO — >- (R—S)2Zn +  HaO 
,r(R—S)2Zn 4- Sat — xR—S—S—R  4" xZnS 
R—S—S—R — >- R—S—R 4- s  \aclive)

They have lately extended this theory to many other well- 
known accelerators, such as thiocarbanilide and aldehyde 
ammonia.14 It is chiefly interesting as it applies to mercapto- 
benzothiazole derivatives. The disulfides are less active 
accelerators than the free mercaptobenzothiazoles, both with 
and without the presence of zinc oxide. In the absence of 
zinc oxide both types of derivatives are almost without ac­
celerating power. These facts seem to show that the disulfide 
cannot be the active agent in this type of acceleration. The 
theory is therefore inadequate and cannot be accepted.

Bedford and Sebrell6 have proposed a theory to account 
for the action of mercapto compounds as accelerators, which 
may be stated as follows:

2R —SH 4- Z nO ----5- (R —S)2Zn - f  H 20
(R —S)2Zn 4- S* — -> (R —SS*;2Zn 
(R —SSz)2Z n ----- ^  (R —S)2Zn +  S (active)

n  R om ani, Caoutchouc gutta-pcrcha, 19, 11620 (1922).
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T a b l E-I.V^t-P h y s ic a l  T e s t s : S t o c k s  C u r e d  w it h  An a l o g s  o p  M e r c a p t o b e n z o t h ia z o l e

! !

A c c e l e r a t o r

M ercap toth iazo line

l-M crcap tob en zoxazo le

1-A m id obenzoth iazole

l-;H ydroxybenzoth iazo lc

T im e of 
Cure
M in . 100%  200%

40 pounds steam  pressure (141° C.)

10 
20 
30  
45  
GO 

135 
_ 30 ... 

45  
60 

105 
150 

60  
-00  
120 
ISO 

90  
120 
150  
180

1
3
2 .5
3 .5
3 .5
4
0 
2
2 .5  
3
3 .5  
2
1-.5
2 .5
2 .5  
0 .5
1
0 .5
1 .5

2
4 .5
5

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

300%
4  
6
6 .5  
8
8

11
3 .5

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

4 0 0 % ’
6
9
9

10
11
15

4 .5
5 .5  
6 .
9

10
4 .5  
5
8
9
2
4
3 .5
5

500%
8 .5  

14 
14 
14 
16  
23

5 .5
7 

10 
12 
14
6
8 

10 
14

3
4 .5
4 .5
8

600%  
10 
10 "
23
24  
28
41  '

7 - 
10 
14 
19
2 1 .5

9
11
17
23

4
6
6

10

700%
20
35
45
50
48
86

9
18
26
31
35
14
18
27
38

*9
10
18

800%  
34  
66 “ 
85
95
96

14
32
42
59
OS
22
28
50

14
17
30

B k . E lon g .
66
92

108
109
104
138

43
76
81

104
91
28
46
57
54

5
16
26
38

900
895
870
845
825
785
990
995
960
910
S75
870
880
825
785
620
840
S80
850

T en sile
P rod u ct

5 9 .4  
8 2 .3  
9 4 .0  
92  
86

108
4 2 .5
7 5 .5
7 7 .5
9 4 .5  
75  
24  
40  
47
4 2 .5  

3
1 3 .5  
23  
32

E n ergy  o f
R esilien ce  S t a t e  o p  C u r e

6 8 .5
1 9 7 .5  
215  
2 0 7 .9
1 9 2 .5
2 3 9 .7

66.6
1 1 7 .8
1 2 5 .4
2 0 5 .8
1 9 0 .6

6 9 .5
9 3 .6

1 1 1 .4  
1 1 6 .1

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

U nder
U nd er
F air
F air
S lig h tly  over
Over
U nd er
U nder
U nder

A ll cures poor

N o  cures

This mechanism affords an explanation of the following 
facts:

1—T he m etallic salts of the mercaptobenzothiazoles are faster 
curing than the free compounds.

2 — B oth the m etallic salts and the free compounds are faster 
curing than the disulfides, which m ust first undergo a reduction 
to the mercaptans before functioning as accelerators.

3—All mercaptobenzothiazoles require the presence of zinc or 
lead oxides for the developm ent of full accelerating power.

4—The m etallic salt of the mercaptan is therefore assumed to 
be the active agent. Excess m etallic oxide m ust be present 
a t all times to reform the salt if it  should be decomposed by the  
action of heat or hydrogen sulfide. Evidence of such decomposi­
tion is to  be found in the low curing power of these salts in the ab­
sence of m etallic oxides, and their superior power when an excess 
of the oxide is present.

While it cannot be shown that sulfur split off from poly­
sulfides is an active form, it has been proved that the sulfur in 
trithio-oxone is particularly active,6 and it is inferred that the

sulfur yielded by the decomposition of the polysulfides is 
similarly active: .................

The polysulfide theory, as given above, appears to offer the 
best explanation of the existing facts. Doubtless, both the 
mechanisms given above function in specific cases. It is also 
probable that no simple explanation of activation will be found 
which is equally applicable to all types of accelerators. Fur­
ther wrork is being done to determine the validity of each of 
the reactions involved in the above mechanisms.
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Separation of Arsenic and Phosphorus from Vanadium1
By H . A. Doerner

R a re  an d  P r e c io u s  M e t a l s  E x p e r im e n t  S t a t io n , U. S. B u r e a u  o p  M in e s , R e n o , N e v .

A RSENIC and phosphorus are frequently found in 
vanadium ores, especially those of the vanadate type, 

such as vanadinite. Since vanadium ores and intermediate 
products containing even small amounts of these impurities 
are not salable, tests were made to establish a commercially 
feasible method of separation.

It was found that vanadic acid could be precipitated from 
an acidified vanadate solution containing arsenic and phos­
phorus. The latter remain in solution and the precipitate 
may be washed free from these impurities. Further, a vana­
date ore containing arsenic and phosphorus may be treated 
by the method recommended by the Bureau of Mines.2 The 
product will be free from these impurities.

E x p e r i m e n t a l

1—Twenty-six grams of vanadium oxide, 0.85 gram of 
arsenic trioxide, and 4.38 grams of sodium ammonium phos­
phate were dissolved in sodium hydroxide solution, oxidized 
with sodium peroxide, and acidified with sulfuric acid. The 
solution was diluted to a volume of 1 liter and sulfuric acid

1 R eceived  S eptem ber 19, 1923. P u b lish ed  w ith  perm ission  o f th e  
D irector, U . S . Bureau o f M ines.

* " M etallu rgical P ossib ilities o f th e D esclo iz ite  Ores a t  G oodsprings, 
N e v .,”  R eport o f  Investiga tions  2433 .

was added until the free acid was 0.05 normal in strength 
as determined by titration with methyl orange. The solu­
tion was boiled with live steam for several hours and allowed 
to stand hot over night. The vanadic acid precipitate was 
filtered and thoroughly washed. It contained 24.8 grams 
vanadium pentoxide (95.5 per cent recovery) and not more 
than a trace of phosphorus or arsenic. The filtrate contained
1.17 grams vanadium pentoxide, and gave a heavy precipi­
tate with magnesia mixture which contained the arsenic and 
phosphorus.

2—Five hundred grams of a vanadinite concentrate were 
fused in a graphite crucible with 150 grams of sodium car­
bonate, 150 grams of caustic soda, and 10 grams of pow­
dered charcoal. The ore analyzed 10.24 per cent vanadium 
pentoxide, 53.55 per cent lead, 0.28. per cent arsenic, and 0.27 
per cent phosphorus. A lead button of 255.0 grams was ob­
tained. The slag was extracted with hot water in a small 
pebble mill, filtered, and washed. The solution was treated 
exactly as described in the first experiment except the volume 
was 2 liters and the separation was completed as before. 
The residue from, or the undissolved part of, the slag weighed 
203 grams, and contained 0.27 vanadium pentoxide, and 
much of the phosphorus. The net recovery of vanadium 
pentoxide was 97.2 per cent free from arsenic or phosphorus.
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Poisson’s Ratio and Related Properties for Compounded 
Rubber'

By W. W. Vogt and R. D . Evans 

T h e  G o o d y e a r  T i r e  & R u b b e r  C o ., A k r o n ,  O h io

IN  THE course of some 
studies on the volume 
increase of compounded 

rubber when s t r a i n e d ,  
which studies involved the 
calculations of the volume 
from simultaneous readings 
of length, width, and thick­
ness, it soon became ap­
parent that certain stocks 
behave decidedly different 
than others. The point of 
dissimilarity is that for cer­
tain stocks the ratio of 
thickness to width is a con­
stant, while for others it decreases as the strain increases. 
This evidence of anisotropy requires that the values for 
Poisson’s ratio in the two directions perpendicular to each 
other.must be unequal.

Furthermore, as the stresses developed perpendicular to 
each other and to the direction of elongation must, from 
considerations of the symmetry of forces, be equal, then 
the fact that different strains are produced by these equal 
stresses proves that there is a dissimilarity of modulus in 
the two directions.

Since the various stocks studied differ from each other
only in the composition of the filler content, it is evident
that the exceptional behavior noted is a function of some 
property of the filler, and the immediate assumption is that 
the shape or crystal habit of the particles is the determining 
factor. It is the purpose of this paper to show the effect of 
particle shape on the physical behavior of compounded rubber 
with special reference to the properties of Poisson’s ratio, 
volume increase, set, and the stress-strain relations.

H i s t o r i c a l

W hitby2 gives an admirable resume and critique of the exist­
ing data, and m entions specifically the work of Schiller in which 
evidence is given to  show that the value for P  is not the same 
in different directions.

The "dark Para rubber” sheet used gave values of 0.535 and 
0.463 in two directions perpendicular to each other. Schippel3 
calls attention to the fact that the average value for P  in the 
case of a highly compounded barytes stock at the breaking 
elongation was 0.39. This low value was due to the large increase 
of volum e of the stock, the value presumably having been cal­
culated from density measurements.

The other published data are concerned chiefly with the various 
m ethods of determining P  experimentally, the proper method 
of calculation, etc., pure gum stocks having been used alm ost 
exclusively.

E x p e r i m e n t a l  M e t h o d

Test strips, died out from large sheets, were mounted in 
a suitable stretching frame, by which any desired elongation 
could be maintained. The width and thickness were meas­
ured, with an accuracy of 0.1 per cent, by a traveling micro­
scope and a gage. It was found necessary to adhere closely

> Presen ted  b elore th e  D iv is ion  of R ub b er C hem istry  a t  th e B5th 
M eetin g  of th e  A m erican C hem ical S o c ie ty , N ew  H aven , C onn., April 
2 to  7 , 1023.

1 " P lan ta tion  R ubber and th e  T estin g  of R ubber,"  p. 4S6.
1 T in s  J o u r n a l , 12, 33  (1920).

The structure of compounded rubber, the mechanical relations 
of the rubber and filler phases, and the effect of these relations upon 
the physical properties of the compound, furnish the rubber tech­
nologist with a most fru itfu l and stimulating field  for speculative 
reasoning.

The authors have presented new data which indicate that the 
shape of. the filler particles has an effect upon the properties of 
Poisson's ratio, volume increase under strain, permanent set, and 
the stress-strain behavior of compounded rubber.

Explanations of the cause of these changes arc advanced for the 
purpose of stimulating thought along these lines, that a deeper and 
clearer conception of the structure of compounded rubber may 
result.

to a regular time schedule 
in performing the several 
steps of manipulation and 
observation at each elon­
gation. The shape of the 
test specimens can be va­
ried over wide limits with­
out affecting the results. 
The ratio of thickness to 
width can be varied from
2.5 to 25 without effect, 
provided the length of the 
specimens is about twenty 
times the width. These 
methods, within the limit 

of accuracy specified, were entirely satisfactory. As a matter 
of fact, study of different test pieces cut from the same sheet 
showed that they differed from each other by such amounts 
that any higher experimental accuracy would be nonsig­
nificant.

C a l c u l a t i o n  o f  P o i s s o n ’s  R a t i o

This property is defined as the ratio of the percentage of 
lateral shrinkage of a rod to the corresponding percentage 
of longitudinal increase, when such increase is infinitesimally 
small—that is, if we call L  the longitudinal and S  the lateral 
dimension,

d S
p  =  d S  L 

dL dL S  
L

A graphical method of determining dS/dL  was found con­
venient. The corresponding reading of S  and L was plotted 
and a smooth curve was drawn. The value of the tangent 
to this curve at each desired point gave directly the value 
of dS/dL, and hence that of P. This definition of P  is to 
be distinguished carefully from that involving finite changes 
of S  and L. This calculation was applied separately to each 
of the two lateral dimensions, hereafter spoken of as width 
and thickness. The following symbols will be used to iden­
tify the various values:

P„ =  value from volum etric measurements
P¡ =  value in thickness direction
P w =  value in width direction

It is also possible to calculate an average P„ from the 
change of volume measurements. If each lateral dimension 
is considered to have the same value and behavior, the ex­
pression for volume becomes

V  =  L .S 2
Differentiating,

d V  =  S 2.d L  +  2 S L .d S

d V
dL =  S 2 2 S L  —  

dL

( ,  o  L  d S \
52  V  S ' d L j

which becomes, from the definition of P, 
d V
dL S2 (1 -  2P)
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Hence,

If, further, at each desired elongation, V, L, and S  are 
measured in such units that their instantaneous values are 
each unity, this becomes

2)1
By plotting V  against L, this average P  can be computed, 
using the graphical method for determining dV /dL  mentioned 
above.

The values of Pv calculated by this method were in excel­
lent agreement with the arithmetical average of P t and Pw 
as required by the principles of mechanics.

E x p e r i m e n t a l  D a t a

The results show that the common compounding ingre­
dients may be divided into two classes—those which the 
writers call “anisotropic,” which cause anisotropy of prop­
erties in the stocks in which they are compounded, such as 
graphite, mica, tripoli, clay, light magnesium carbonate, 
and, strangely enough, glue. The other class, which the 
writers have called “isotropic pigments,” do not exhibit these 
tendencies, and include gas black, lampblack, iron oxide, 
zinc oxide, lithopone, and barytes.

T h i c k n e s s - W i d t h  R a t i o —The first criterion which was 
used in classing the pigments was called the thickness-width 
ratio. If the reading of thickness is divided by the corre­
sponding reading of width as the test pieces are progressively 
strained, the values obtained constantly decrease for the 
anisotropic fillers, and remain constant for the isotropic 
class. The writers have recalculated all values of T /W  in 
such a manner that the value T /W  at 0 per cent elongation 
becomes 1.0 .

The data shown in Fig. 1 were obtained on stocks contain­
ing 20 volumes of filler per 100 volumes of rubber, cured to 
the correct technical cure.

The stocks were milled on small (6 X 12 inches) rolls in 
such a manner as to “set the grain”—i. e., align the pigment 
particles—were allowed to age 1 hour on a warming table 
to permit readjustment of internal strains in the rubber 
phase, and then 24 hours at room temperature, after which 
they were cured in molds, using enough stock to give a perfect 
sheet with a small overflow (5 per cent). Unless otherwise 
noted, all test pieces were died out in the direction of the grain.

F ic .  1

In considering the value of Poisson’s ratio, the following 
cases must be considered:

When the volume of the rubber under strain remains 
constant, we have two cases:

(1) P „  =  P , =  0.5

(2 ) P „  does not equal P t, but P» +  P,
=  0.5

When the volume does not remain constant on stretching, 
we may have

(3) P w =  P t <  0.5

8 v? 
<

P o i s s o n ’s  R a t i o —The T /W  ratio is a criterion which is 
easily obtained experimentally and can be calculated and 
interpreted readily. However, Poisson’s ratio is a recog­
nized absolute property, and was therefore specifically cal­
culated in all cases.

F ig . 2

Case i — All isotropic pigm ents studied fulfil Case 1 a t low  
elongations (25 per cent), because the volum e changes are prac­
tically negligible. Such fillers as gas black and zinc oxide fulfil 
the conditions up to  elongations of 2 0 0  per cent, there being 
practically no increase of volum e at this elongation. T he values 
for P t and P w are both 0.5.

Case 2— The values for P ,  and P w for som e typical aniso­
tropic pigm ents a t 25 per cent elongation are given in the follow­
ing table:

T a b u s  X
P t +  P„

P ig m e n t  P i P m 2
M agn esiu m  c a r b o n a te . ...............................  0 .7 2  0 .3 0  0 .5 1
C la y ........................................................................  0 .0 9  0 .3 2  0 .5 0 5
T r ip o li.................................................................... 0 .0 1  0 .3 9  0 .5 0
S p ecia l b a ry te s ..................................................  0 .5 7  0 .4 2  0 .5 0

Case 3 — This case is illustrated by barytes, lithopone, and 
other isotropic pigm ents a t high elongations, say  300 per cent, 
where there is a  considerable increase in  volum e.

Case 4— This is illustrated very neatly by tripoli, an aniso­
tropic filler which gives large volum e increases a t high elonga­
tions. This behavior is represented graphically in  Fig. 2. The 
volum e increase curve is also given.

It will be readily appreciated that for low elongations the 
graph shows the behavior as given under Case 2, while for 
the higher elongations the conditions fulfil Case 4.

S t r e s s - S t r a i n  R e l a t i o n s  i n  D i f f e r e n t  D i r e c t i o n s —  

As had been stated above, stocks compounded with aniso­
tropic pigments should give different stress-strain relations 
in different directions. Therefore, a stock containing 20 
volumes of clay per 100 volumes of rubber was so prepared 
that stress-strain curves might be obtained, the tests being 
taken with the grain, across the grain, and vertical to the 
grain (perpendicular to the plane of the calender). The 
preparation of the last-mentioned test piece is rather difficult,
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the alignment of filler particles probably being quite badly 
disarranged during the process. However, the tests were 
obtained, particular care being exercised to secure identical 
curing conditions. The results are shown graphically in 
Fig. 3.

Additional properties of these three stocks were deter­
mined as follows:

T a b l e  I I
V olum e Increase 7*/IF  a t  250%  Perm an en t

W ith  gra in ............
A cross gra in .........
V ertical to  gra in .

a t  250%  
% 
4 .4

S.l

E lon gation  
% 

0 .7 6  
0 .6 9  
0 .7 4

S et
%
44
36
30

P e r m a n e n t  S e t

Values for permanent set for stocks compounded with 
20 volumes of filler per 100 volumes of rubber are given in 
the following table:

A n is o t r o i*ic  F il l e r s

I s o t r o p ic  F il l e r s

T a b l e  I I I
P e r m a n e n t

P ig m e n t %
M agn esiu m  carbonate 52
C lay 44
S pecia l b arytes 32
Tripoli 29
G as black 33
Zinc oxide 23
R ed  oxide 22
L ithopone 20
W hiting 15
B arytes 14
P ure gum 6

A comparison of the properties of ordinaiy and the special 
barytes brings out strikingly that particle shape, rather 
than such factors as degree of fineness, surface activity, 
selective wetting, or adsorption, is the fundamental cause 
of these abnormal properties. The special barytes was 
made by such a process that it consists almost entirely of 
long, flat plates and needles, whereas the regular barytes 
was the commercial ground product, consisting of broken 
fragments of no regular geometric shape. The samples 
were closely alike as regards average particle size and were 
compounded on the basis of 20 volumes of pigment per 100 
volumes of rubber. The values for T /W  ratio, Poisson’s 
ratio, and permanent set are given below.

T a b l e  IV  
T / W  R a tio  

a t  200%  
E lon gation  P t

R egular b a ry tes ...................... 1 .0 0  0 .5 0
S pecia l b a ry te s .......................  0 .8 6  0 .5 7

P w
0 .5 0
0 .4 2

P t +  P u  
2

0 .5 0
0 .5 0

P erm a­
n en t S et  

%
14
32

The stress-strain relationships (taken with the grain at 
the correct technical cure) furnish additional evidence of 
differences between the isotropic and anisotropic fillers.

100%
R egular b a r y te s    7
Specia l b a ry te s ................... 18

T a b l e  V

300%
17
42

T en sile  E lon ga tion  
500%  K g ./S q . C m . %

42  132 700
91 160 640

The four properties mentioned above are dependent to a 
greater or less degree upon crystal habit, but it is believed 
that Poisson’s ratio and the T /W  ratio are almost wholly 
dependent on this characteristic.

L a m i n a t i o n  E f f e c t s  o f  t h e  C u r e d  S t o c k

The ability to separate the cured sheet into layers in the 
same manner as a sheet of mica may be split is another 
criterion which may be used to demonstrate anisotropy. The 
pigments that give stocks which laminate are mica, graphite, 
clay, magnesium carbonate, tripoli, and the special barytes. 
Here again the differences between the special and regular 
barytes are especially striking. It will be recognized that 
these fillers are without exception classed as anisotropic by 
other methods.

V e il s

The familiar silky appearance of the precipitate which 
forms on adding mercuric chloride to a solution of stannous 
chloride, or that due to a suspension of bismuth subnitrate 
or vanadium pentoxidc in water, has been directly proved 
to be caused by the needle or tabular- shape of the solid 
particles, and Freundlich4 has developed a method for de-

F ig . 3

termining crystal habit based upon the changes in the strength 
of the Tyndall beam, depending upon the plane of observa­
tion with respect to the alignment of the particles. The 
presence of this “veil” (German word is “Schlierenbildung,” 
meaning veil formation) is a qualitative test for anisotropy 
of shape.

If a dilute suspension of the pigment is made in water, 
preferably with gum arabic as a protective colloid, agitation 
of the suspension will reveal the presence of veils only in the 
case of anisotropic pigments. Mica furnishes a very ex­
cellent example of this effect. The size of the particles of 
pigment m il probably have some influence upon the phe­
nomenon, so it would not be absolutely proved that a pigment 
which does not show the effect is isotropic. However, all 
the pigments which by other means have been classed as 
anisotropic give veils, whereas none of the isotropic pigments 
give the effect.

The differences between the special and regular barytes, 
which have been noted by the other methods, are strikingly 
revealed by this test.

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

The experimental results given above were obtained on 
stocks which were so prepared as to suppress the grain effects 
due to the rubber phase and to accentuate the effects due 
to the filler phase so far as this is possible. With this point 
clearly in mind, the evidence is positive that the shape of 
the filler is a major contributing cause of the changes in the 
properties of the stocks. The questions to be answered 
therefore arc:

1— W hat shape is necessary to explain these effects?
2 — W hat is the mechanism of the action by which these effects 

are produced?

In view of the known facts that the particle shape of 
mica, graphite, special barytes is tablets or placques, and 
that tripoli contains a large percentage of tabular diatoms, 
the writers are justified in saying that any shape wherein

< P h y s ik . Z . ,  IT, 117 (1916).
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any two dimensions are considerably greater than the third 
will explain the effects observed.

In answer to the second question as to the mechanism, 
the following reasoning is advanced in explanation of the 
facts. The following conditions are postulated:

1— There is a union between the particles of filler and the 
rubber, which bond m ay be chemical union, physical adsorp­
tion, surface friction, or mechanical interlocking. An estim a­
tion of the m agnitude of these forces is unnecessary.

2 — The particles of filler are uniformly distributed throughout 
the rubber, this uniform distribution thereby necessitating that 
on the average the centers of mass of the particles be approxi­
m ately equidistant.

3 — In the normal milling or calendering operations, the par­
ticles of an anisotropic pigm ent tend to align them selves with 
their longest axis in the direction of the calender, and w ith their 
least dimension perpendicular to the plane of the calender.

With these conditions in mind it will be obvious that in 
the direction of the calender grain the edges of the crystals 
will be closer together than in the direction at right angles 
to the direction of the calender, which in turn will be closer 
than those in the direction perpendicular to the plane of the 
calender. In other words, in a given linear distance, the 
sum of the lengths of the filler particles will be greatest 
with the grain, intermediate across the grain, and least 
vertical to the grain. Conversely, the amount of rubber 
phase between the filler particles will be least, intermediate, 
and greatest with the grain, across the grain,'and vertical to 
the grain, respectively.

Consequently, to effect a given elongation in any direction, 
inasmuch as the pigment phase does not elongate, the rubber 
must be stretched to such a point as will give the total elonga­
tion desired. It is therefore evident that the lesser amount 
of rubber will have to be elongated to a greater proportion 
of its ultimate elongation. This means that a higher stress 
must be imposed. This, then, is the reason why a stock 
compounded with an anisotropic filler has a stiffer stress- 
strain curve with the grain. The stress-strain across the 
grain may be equal to or softer than the “with grain” curve 
(depending on the ratio of the length to width dimensions 
of the particular filler), but both will be stiffer than the 
“vertical to grain” curve.

Referring to the values of permanent set given in Table 
III, it is found that, within each class of pigments, the per­
manent set is greater the smaller the particle size. That is, 
permanent set increases with increase of filler surface, and 
this fact lends weight to the argument that permanent set 
is in part due to a dislodgment of rubber and pigment surfaces, 
which, having been cured up in contact with each other, on 
removal of the stretching force experience frictional difficulty 
or even definite obstruction in becoming readjusted to their 
original condition of fit. Since anisotropic particles have 
more surface per unit volume than isotropic particles of the 
same average bulk, for this reason alone they might be 
expected to show greater permanent set.

Furthermore, for anisotropic pigments the greatest amount 
of rubber-pigment interface will be involved in this dis­
location under strain when that strain is parallel to the 
longest dimension of the pigment—that is, with the grain— 
intermediate in value when the strain is across the grain, 
and least when the strain is vertical to the grain. Hence, 
we should expect the permanent set for the stocks referred 
to  in Table II to be greatest for the “with grain” stock, 
intermediate for the “across grain” stock, and least for the 
“vertical to grain” stock. Permanent-set measurements 
on these three stocks gave, respectively, 44, 36, and 30 per 
cent.

Mention is made above of the volume increases which 
occur when the stock is subjected to strain in the three

different directions. Schippel has shown that the per cent 
increase in volume is largely a direct function of the area of 
the particle in a plane normal to the strain lines. The areas 
so defined and therefore the values of volume increase, in the 
case of these clay stocks, will be least, intermediate, and 
greatest, for strains in a direction with the grain, across the 
grain, and vertical to the grain, respectively. The values 
found were 4.4, 5.5, and 8.1 per cent.

The T /W  ratios obtained when the direction of strain 
is always parallel to the length of the test piece, but where 
the length of the test piece itself is with the grain, across the 
grain or vertical to the grain, furnish a fascinating subject 
for speculative analysis.

By an extension of the reasoning used in developing the 
explanation for the difference in stress-strain behavior, in 
a qualitative way, at least, the causes for the variation in 
T /W  ratios in different directions can be explained.

Thus, when a strain is imposed parallel to the grain, con­
siderations of symmetry require that the contractive stresses 
in the two lateral directions must be equal. Since, however, 
as has been outlined above, the percentages of rubber phase 
in a given linear distance are unequal in the widthwise and 
thickwise dimensions, the imposition of equal stresses will 
cause equal strains to be set up in the rubber phase but un­
equal total contractions of the material as a whole, since the 
pigment phase is rigid.

The exact quantitative differences in the T /W  ratio in 
different directions depend on relative magnitudes of the 
average ratios of each pair of dimensions of the pigment 
particles, assuming that the particles are perfectly uniform 
in shape, size, distribution, and orientation, a condition which 
is well-nigh experimentally impossible.

The T /W  ratios given in Table IV are explainable on 
the basis that the length, width, and thickness dimensions 
of the typical clay particle are approximately as 5 :2 :1.

The explanation of the lamination effects observed with 
typical anisotropic fillers probably is that the bond between 
the filler surface and the rubber is less than the tensile of the 
rubber itself. Therefore, instead of the rubber tearing within 
itself in a haphazard, irregular direction, it separates from 
the broad faces of the filler particles. The line of cleavage 
is thus defined by the alignment of the filler particles and 
lamination ensues.

These explanations of the experimental facts justify the 
hypothesis advanced and may possibly give a clearer con­
ception of the structure of compounded rubber and of the 
effect of the filler phase upon some of the properties of this 
material with particular reference to its anisotropy.

M. Carey Lea—Chemist
Am erica’s contributions to chem istry have been the them e of 

years of study by Edgar F. Sm ith, and through the publication  
of these studies he has done more than any other one m an to  
put the facts of these discoveries and discoverers before American 
chem ists. The latest work from his kindly pen is entitled  
"M. Carey Lea— Chem ist.”

Lea (1823-1897) was a student under J. C. Booth in his famous 
teaching laboratory, after having studied law and having been 
adm itted to  the bar. H is studies after leaving Dr. B ooth’s 
laboratory were largely carried out in his private laboratory 
in his hom e in Philadelphia. H is m ost im portant investigations 
dealt with picric acid and the picrates, t i e  Pennsylvania coal 
seams, the m etals of the platinum  group, and photography. 
His work on photography was decidedly his m ost im portant 
contribution to knowledge. H is only book, "Photography,” 
w ent through two editions and was extrem ely popular w ith the  
devotees of this new art a t the tim e. Lea was a recluse and was 
known personally to  few of his contemporaries. H is work was 
published in the American Journal of Science from 1858 to  1897, 
and Chemical News, 1862, contains four contributions from his 
laboratory.

The present story of his life is published privately b y  the  
author in a 12 -page pam phlet w ith an engraving of- the subject.
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Selenium in Rubber Compounding1
By Ira W illiam s

F i r e s t o n e  T i r e  &  R u b b e r  C o ., A k r o n ,  O h io

IT IS to be expected from 
the chemical analogy 
between oxygen, sulfur, 

selenium, and tellurium, 
that any of these would 
produce vulcanization in a 
rubber compound. Proba­
bly the most important of 
these, other than sulfur, is 
selenium, and it has been 
shown by Boggs2 that sele­
nium may be used as a vul­
canizing agent. It is possi­
ble that the effectiveness 
of these materials in the 
vulcanization process will 
■depend somewhat on the effective concentration of the 
material in the rubber. While sulfur is quite soluble in rubber, 
tellurium is insoluble. The best figures which have been 
obtained iu the present work place the solubility of selenium 
at less than 0.05 per cent at 80° C. Oxygen is somewhat 
more soluble, and it is known that cures may be obtained 
by means of oxygen without the presence of sulfur. In 
the case of sulfur the effective concentration may be very 
much increased at temperatures above its melting point, but 
in the case of both selenium and tellurium it is impossible to 
reach their melting points (217° and 451° C., respectively) 
without producing decomposition in the rubber. If the 
effectiveness of these elements in producing vulcanization 
of rubber is judged by the possible molar concentration, the 
elements would then be placed in the order—sulfur, oxygen, 
selenium, tellurium. This order might be affected if a higher 
concentration could be produced by such means as intro­
ducing the element in an adsorbed condition or in a finer state 
of division.

Sulfur and selenium are miscible in the fused state in all 
proportions, and form a eutectic mixture which melts at 106 ° C. 
and contains 40 atomic per cent of sulfur. Mixtures of 
this kind crystallize very slowly, and immediately after fusion 
may be milled into rubber to form a master batch which will 
keep for an indefinite period. In this manner mixtures of sul­
fur and selenium containing as high as 70 per cent of selenium 
may be prepared and held in rubber for use in compounding. 
While selenium may be used without first fusing with sulfur, 
the equilibrium of the system will be reached quite slowly, 
•especially at low temperatures, and the same distribution of 
selenium cannot be obtained.

C o lo r  i n  S e l e n iu m  S to ck s

The colors obtained by introducing a fused mixture of 
.sulfur and selenium into rubber are produced by the dis­
tribution of sulfur between the rubber and selenium. In 
this manner colloidal selenium is formed. The uncured 
stock varies from a bright yellow, when little selenium is 
present in a very fine colloidal state, to a deep orange color 
when more selenium is used. Upon curing, the size of the 
colloidal particle slowly increases and the color changes from

1 Presen ted  before th e  D iv is ion  o f R ub b er C h em istry  a t  th e 65th  
.M eeting o f th e  A m erican C hem ical S oc ie ty , N ew  H a v en , C onn., April 2  to  7,
1923.

* T h is  J o u r n a l , 10 , 117 (1918).

yellow through orange, 
deep red, brown, and finally 
to the natural, color of curcd 
rubber. By regulating the 
time of cure and the amount 
of selenium, any of these 
colors may be produced in 
the finished stock and will 
be quite permanent at or­
dinary temperatures. By 
the time the color of the 
stock has reached red, par­
ticles of selenium may be 
seen under the microscope, 
while if the cure is con­
tinued the selenium will 

finally gather into spherical crystals which can be seen 
with the unaided eye.

C R Y STA  LLIZ ATI O N  P l I E  NOME NA

It is a common observation that compounds of low sulfur 
content bloom very easily Avhile in the uncured state. This 
is due to the fact that the temperature reached during the 
milling period is sufficient to cause all the sulfur to go into 
solution. Upon cooling, the system becomes metastable 
because the rubber is supersaturated with sulfur. When 
the surface of such a stock is touched, crystallization occurs 
at that point, and these crystals serve as nuclei for the growth 
of the large crystals which quickly appear as bloom.

Metallic selenium, because of its being isomorphous with 
monoclinic sulfur, may be used to prevent the formation 
of a supersaturated solution of sulfur. If 0.05 or 0.10 per 
cent of finely divided selenium is milled into the stock, each 
particle of selenium, which owing to its low solubility and the 
slow rate at which equilibrium is established at low temper­
atures, becomes a center for the crystallization of sulfur. 
After crystallization has taken place a disturbance will not 
produce bloom, and the condition known in the industry as 
“dry stock” may in this way be quite effectively avoided. 
In a pure gum stock this crystallization requires from 10 to 
15 minutes, but since crystallization is slower in the presence 
of a large volume of filler, it is necessary to produce more 
centers of crystallization by using a larger quantity of sele­
nium.

E x p e r im e n t a l

As a control for a study of the' effect of selenium on cure, 
a simple rubber-sulfur mixture was used. Replacement of 
part of the sulfur by selenium was done on a molecular basis. 
In each of the following compounds the sum of sulfur 
and selenium is equivalent to 6 per cent of sulfur to the 
rubber.

Pale Crepe Sulfur Selenium
S tock G. G . G.

47 9 4 .0 0 6 .0 0 0 .0 0
48 9 4 .0 0 5 .1 1 2 .1 9
49 9 4 .0 0 4 .5 1 3 .6 9
50 9 4 .0 0 3 .7 3 5 .6 0
51 9 4 .0 0 0 .0 0 1 4 .8 0

These stocks were cured at 290° F. in an oil bath which 
controlled the temperature to =*= 0.5° C. The physical prop­
erties of all, with the exception of Stock 51, which showed 
no signs of cure after 5 hours, are plotted in Fig. 1. In such

Selenium may be introduced into rubber by the addition of fused  
mixtures of sulfur and selenium. The color produced changes 
from  yellow to red as the size of the particles of selenium increases.

The crystallization of sulfur in rubber may be induced with 
selenium because selenium is isomorphous with monoclinic sulfur. 
In this way metastable solutions of sulfur are prevented and the 
in itia l rap id  bloom of uncured stocks may be eliminated.

Selenium exerts a distinct accelerating action upon rubber- 
sulfur mixtures, while the actual amount of combination with 
selenium is small.

Selenium alone w ill produce some cure in rubber in the presence 
of an organic accelerator.

The acetone extract of resin from  the rubber is apparently re­
duced when vulcanization is carried out in the presence of selenium.
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a diagram the rate of cure (not to be confused with time of 
“optimum” cure), as measured by the rate of change in stiff­
ness of the stock, can be judged by the slope of the first part 
of the curve. The addition of selenium has produced an

increased rate of cure in all compounds containing sulfur. 
Stock 48, which contains only 2.17 per cent of selenium, cures 
at approximately twice the rate of the simple rubber-sulfur 
mixture. After this the addition of selenium at the expense 
of sulfur causes a decrease in the rate of cure until finally a 
stock which does not cure at all results.

There are at least two possible factors which influence 
the rate of cure of these stocks.

(1) The solubility of the selenium m ay be increased until it 
becomes an effective vulcanizing agent.

(2) The selenium m ay act sim ply as an accelerator.

The mixture of sulfur and selenium having the lowest 
melting point contains 62 per cent by weight of selenium. 
Stock 48, which shows the highest rate of cure, contains only 
30 per cent by weight of selenium in the sulfur-selenium 
mixture, but since the selenium is very slightly soluble in the 
rubber, the distribution of sulfur between the rubber and the 
selenium may be such that the eutectic mixture of sulfur 
and selenium is approached. Further addition of selenium 
and reduction of sulfur would then result in a higher melting 
point and reduced vulcanizing properties. This is probably 
true if selenium functions in the same manner as sulfur, but 
does not necessarily follow if the selenium acts merely as an 
accelerator. That selenium does act as an accelerator is 
indicated by the curves in Fig. 1, since the addition of only a 
small amount of selenium has greatly increased the rate of 
cure, while the selenium alone produced no cure. After 
the addition of selenium the decrease in sulfur has retarded 
cure in a manner similar to that experienced when the sulfur 
is reduced in the presence of an organic accelerator. The 
accelerating action (in per cent) is shown further by the 
following stocks, in which a small amount of selenium has 
been added to a compound already containing an organic 
accelerator:

Zinc A ld eh yde  
S tock  R ub b er Sulfur O xide A m m onia  Selenium

52  9 3 .0 0  3 .0 0  3 .0 0  1 .0 0  0 .0 0
53 9 2 .8 0  3 .0 0  3 .0 0  1 .0 0  0 .2 0

The physical properties of these compounds are shown in 
Fig. 2. Both the rate of cure and stiffness of the rubber

have been increased much more than they would have been 
by the addition of either the same amount of aldehyde 
ammonia or sulfur. This indicates either a marked activity 
as an accelerator or a specific action of selenium which is 
produced by neither accelerator nor sulfur.

Neither of these explanations is in itself sufficient to explain 
the action of selenium, because, as pointed out by Boggs, 
selenium is capable of producing a cure at the temperature 
employed if an organic accelerator is added. A stock con­
taining 70 per cent of rubber and 30 per cent of selenium 
showed no cure after 5 hours at 290° F. The same stock 
with 2 per cent of rubber replaced by 1 per cent of zinc oxide 
and 1 per cent of aldehyde ammonia gave a tensile of 1300 
pounds after 30 minutes’ cure. The stiffness and strength 
slowly decreased upon longer cures until it reached a tensile 
of only 900 pounds after 4 hours. This behavior is distinctly 
different from that of a rubber mix containing such a high 
percentage of sulfur, in which case the stiffness would have 
continued to increase.

A n a l y s i s  o f  S t o c k s  C o n t a i n i n g  S e l e n i u m

The determination of the chemical properties is accom­
plished with difficulty because of the presence of both selenium 
and sulfur. It is possible by means of an ordinary acetone 
extraction to remove some selenium. Bloom which occurs 
on undercured sulfur-selenium stocks is composed of both 
sulfur and selenium, so that the mixed crystals of sulfur and 
selenium are somewhat soluble in rubber and may be ex­
tracted. Further extraction of selenium after the free sulfur 
has been removed is extremely slow. The extraction is made 
all the more difficult by the fact that selenium, which is heated 
even to temperatures as low as 100° C., tends to assume the 
more insoluble form. It is possible that repeated addition 
of sulfur to the stock with repeated extractions might be a 
means of removing all free selenium. Crystals were found 
in Stock 48 after curing for 60, 90, or 120 minutes. Small 
strips, each 0.02 inch in thickness, were placed in a Soxhlet 
apparatus and extracted with acetone. Although the 60-

minute cure contained the most crystals, all had disappeared 
after 2 hours of extraction. Those in the 90-minute cure had 
practically disappeared after 6 hours, while the 120-minute 
cure had apparently not changed after 2 days. A micro­
scopic examination revealed the fact that, while the crystals- 
were once well formed, they had been reduced during the
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FIGURE- 3
Combined s u lfu r  and  
e x t r a c t io n  lo ss  of s t o c k s  
co n ta in in g  smKuv- an d  
.se len iu m
Q Com b-S- □ E«tr. loss-

extraction to a series of broken points which, without mag­
nification, still showed the original outline. These changes 
again point to the fact that free sulfur is necessary for the suc­
cessful extraction of selenium.

Microscopic examination was made of sections of sulfur- 
selenium stocks which were cured to the point where prac­
tically no free sulfur remained. The amount of selenium 
present was estimated by counting and measuring the par­
ticles, and, 'within the limits of accuracy of this method, all 
the selenium could be accounted for. This showed that the 
amount of combined selenium must be small and is not to be 
compared in magnitude with the amount of combined sulfur. 
No further efforts were made to determine combined selenium.

240 minutes’ cure. This is slightly more than the normal 
resin content of the rubber. In all the selenium stocks a 
minimum extract of only slightly more than 1.5 per cent is 
found. This is approximately 1.1 per cent below the original 
resin content of the rubber.

Although selenium alone or with an accelerator is some­
what effective as a vulcanizing agent, it is apparent that it 
functions chiefly as an accelerator when used with sulfur. 
All accelerators in common use, whether organic or inorganic, 
are chemical compounds, but here is a case of the increased 
action being brought about by an element. Complications 
arising in the study of the accelerators of vulcanization can be 
greatly reduced by the elimination of many uncertain de­
composition products, if selenium is used as the accelerator. 
The action between accelerator and sulfur is also reduced to 
a more simple state. It is possible that a study of the 
action of selenium in rubber will throw more light on the 
nature of acceleration.

A Ball-Mill Electrolytic Cell1
By Alexander Lowy and Alfred R. Ebberts

U n iv e r s it y  o f  P it t s b u r g h , P it t s b u r g h , P a .

Mixtures of sulfuric and selenic acid may be separated in 
acid solution by the addition of potassium iodide. The 
iodine may then be titrated with standard arsenite and the 
selenium determined, after which the sulfate may be pre­
cipitated. This method cannot be used if a nitrate fusion 
has been used in the oxidation of the sulfur and selenium, 
unless the nitrate and nitrites are first removed. If the se­
lenium is not to be determined it may be reduced in the 
presence of a nitrate, but the presence of nitrites, which are 
always produced during the fusion, prevents the precipitation 
of selenium. This precipitation is, however, easily accom­
plished in acid solution by either sulfites or stannous chloride. 
Combined sulfur was finally determined after removal of 
selenium by the addition of the calculated amount of stan­
nous chloride. The following check determinations were 
made by this method on a stock of known sulfur and selenium 
content:

Sulfur P resent  
G. 

0 .0 1 6 3  
0 .0 1 6 3  
0 .0 1 6 3  
0 .0 1 6 3

Selenium  P resent 
G.

0 .0 1 0 3
0 .0 1 0 3
0 .0 1 0 3
0 .0 1 0 3

Sulfur Found  
G . 

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

In Fig. 3 are shown the values for combined sulfur and for 
extraction loss of Stocks 47, 48, and 49. In all stocks con­
taining selenium, the same stiffness is reached with lower 
combined sulfur. This resembles the action of stocks con­
taining an organic accelerator. The extraction loss of the 
rubber-sulfur mixture reaches a minimum of 3.3 per cent at

TO URING  the course of an investigation in this laboratory 
of the electrolytic oxidation of anthracene, a novel 

type of cell was designed and constructed. Certain solids 
in suspension have a tendency to aggregate under the action 
of the current. Also, when the superficial layer of any 
particle has entered into reaction, it prevents or slows up the 
action on the central portion of the particle. To prevent both 
of these undesirable effects this cell was designed.

The stirrer was equipped with paddles to produce a swirl­
ing motion in the electrolyte, and glass balls were introduced, 
which were carried rapidly round and round by the swirling 
liquid. The thermometer and one electrode were raised 
enough to allow the balls to pass under them. The other 
electrode was on the bottom of the beaker and a connection 
for it was sealed in the glass. For large balls several glass 
marbles, such as children play with, were used, and for small 
ones the solid beads 
furnished for Hem- 
pel fractionating col­
umns. The size of 
ball must be deter­
mined by conditions. c~
Mercury as electrode | 
has the advantage 
of not requiring seal­
ing into the cell, and 
also that no trou­
ble due to solids ad­
hering to the elec­
trode surface is ex­
perienced. The solid 
anodes used by the 
authors were sealed 
in place with Red- 
manol cement, which
was found to be very satisfactory. Iieat should be supplied 
by bath only. Direct heating causes the dissolution of the 
cell due to the different coefficients of expansion of the ma­
terials used and the excessive local heating.

1 R eceived  S eptem ber 13, 1923.



1022 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 15, No. 10

Some of the Constituents of Coke-Oven Tar1
By John M . W eiss and Charles R. Dow ns

50 E ast 41 st  S t ., N e w  Y o r k , N . Y .

n p iH E R E  is a rather popular idea that anything can be 
found in coal tar, based on the assumption of the 
layman that coal-tar products are in general found 

in tar itself. Even the technical man is under some mis­
apprehension, as.Lunge in his book on “Coal Tar and Am­
monia^’ lists some two hundred odd substances which various 
investigators have claimed to have found in tars from various 
sources, including such widely differing types as blast fur­
nace, peat, lignite, and wood tars, as well as the various 
tars from bituminous coal. The type of tar produced in 
greatest quantity in the United States is coke-oven tar, so 
it  seems that more exact information on its composition is 
desirable. The past exact knowledge is largely confined to 
the light oil below 200° C., the tar acids, and the tar bases, 
all of which are comparatively easy to separate and examine.

The present communication is designed to throw' light on 
the composition of the neutral oils boiling above 200° C., 
both as to the principal compounds present and their amount. 
Naturally, a study of the composition of all varieties of Amer­
ican coke-oven tars would be a very long investigation, but 
the composition of the average coke-oven tar is of interest 
to show what compounds are commercially available. The 
results can be accepted with the usual reservations which all 
conversant with the tar industry make because of the vari­
ations in the raw material of the industry. The work de­
scribed comprises two phases— qualitative and quantitative.

The qualitative test involved a larger sample than chem­
ists are wont to use in their analyses. About 20,000 gallons 
of coal-tar distillate oil were handled, the tar acids and bases 
removed by extraction with caustic soda solution and dilute 
sulfuric acid, and the extracted oil was settled to remove the 
hydrocarbons crystallizable at normal temperature. This 
left about 10,000 gallons of neutral settled oil, which was 
distilled in the most refined type of vacuum column still. 
The distillate was collected in 100-gallon fractions, and these 
fractions were taken for the laboratory qualitative ex­
amination, first, to determine the existing compounds, and, 
second, to develop quantitative methods for estimation of 
these compounds. In this paper the detailed results of the 
preliminary experiments are not given in full, but rather a 
skeleton of this phase of the work and the final general con­
clusions reached.

M e t h y l n a p h t h a l e n e

The separation of a- and /3-methylnaphthalenes was under­
taken from the fractions of oil boiling between 235° and 
247° C. After a number of fractional distillations and crys­
tallizations, fairly pure samples of the two isomers were ob­
tained. The j3-methylnaphthalene was crystallized four­
teen times from alcohol and finally showed a solidifying point 
of 35.1° C. and an index of refraction at 40° C. of 1.602S. 
The melting points of successive crops of crystals had not 
become absolutely constant, but were nearly so.

The a-methylnaphthalene was purified by recrystallizing 
the picrate and decomposing it. The melting point of the 
picrate was 123° C. and the index of refraction of the hydro-

1 P resen ted  before th e  D iv is ion  of O rganic C h em istry  a t  th e 65th  
M eetin g  of th e A m erican C hem ical S o c ie ty , N ew  H aven , C onn., April 2 to  
7 , 1923.

carbon at 40° C. was 1.5882. There was therefore sufficient 
difference in the indices of refraction to use this constant as 
a method of estimation, if only the two isomers were present 
in a mixture. The constant is seriously depressed by the 
presence of paraffins in the oils which may amount to 4 
per cent. All other impurities, however, can be removed and 
the paraffins estimated and their effect on the index of re­
fraction calculated from the determined value for their in­
dex of refraction at 40° C. of about 1.4316. The writers did 
not go further into the properties of the monomethylnaph- 
thalenes, as at this point they had sufficient data to enable 
them to make reasonably approximate estimates of the meth­
ylnaphthalene content of oils, and had concluded, further, 
that in general, with the products investigated, the propor­
tions of a- to ¿-methylnaphthalene were 1.45 to 1.00.

The fractions containing the methylnaphthalenes were 
examined for triinethylcoumarones, with negative results. 
The fractions just above the monomethylnaphthalenes con­
tained dimethylnaphthalenes in complex mixture. No at­
tempt was made to separate the individual isomers, but they 
were estimated en masse by fractional distillation.

•  D i p h e n y l

This body was estimated in several of the fractions by sulfo- 
nation at 40° to 50° C. with concentrated sulfuric acid and 
pouring the sulfonated mass into an excess of water. By ex­
traction with ether, a crude diphenyl was obtained which 
was purified from admixed paraffin hydrocarbons by crystal­
lization from alcohol. The richest fraction contained only 
8 per cent of the crude material, and, based on the original 
tar, the amounts present were only around 0.1 per cent.

F l u o r e n e

The fractions in which fluorene should be present were 
nearly solid and the separated pressed solids were nearly 
pure material, merely requiring a wash with sulfuric acid and 
redistillation to remove small amounts of resinifying hydro­
carbons.

A c e n a p h t h e n e

The fractions in this range acted very similarly to the 
fluorene fractions, and the isolation of acenaphthene was not 
difficult. The separated liquid oil from acenaphthene, as 
well as that from fluorene, was not examined very thoroughly, 
as on redistillation it gave considerably more of the parent 
hydrocarbon and the actual amounts of true liquid oil were 
materially lessened.

P h e n a n t i i r e n e

The development of a direct method of analysis for phen- 
anthrene in crude solids was a long and tedious task. The 
method finally perfected involved the formation of phenan- 
thraquinone by oxidation in glacial acetic acid solution with 
iodic acid and the precipitation of the phenanthraquinone 
in weighable form by either 1,3,4-toluylenediamine or 1- 
ethoxy-3,4-diaminobenzene. The details of this form the 
subject of a paper by Williams.2 In connection with the

1 J .  A m . C hem . Soc., 43, 1911 (1921).
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work pure phenanthrene was prepared and found to have 
a melting point of 99.6° C.

M iscellaneous

Naphthalene, anthracene, and carbazol were separated and 
estimated in the usual way in the solids from their fractions. 
Diphenylene oxide was sought, with negative results. Above 
the anthracene oils are obtained the last oils from the dis­
tillation of tar which can be roughly separated into yellow 
solids, greases, and resinous bodies—all of unknown compo­
sition and affording fields for further research work. The 
separation of these products has been described by Bailey 
and Boettner.3 The yellow solids have been shown to con­
tain chrysene and picene, and are a rather complicated mix­
ture.

As exemplifying the work, the results obtained on one of 
the still runs of higher boiling oil are shown graphically in the 
accompanying curve. Still temperatures are not given, as 
under a varying vacuum they are of very little value. In 
the greater portion of the range over 70 per cent of the com­
pounds present were actually definitely determined. The 
percentages of acenaphthene and fliiorene as determined are 
probably somewhat low and account partly for the drop of 
the total curve between Fractions 16 and 23. The fractions 
also vary in paraffin content from 2 to 5 per cent and from 5 
to 7 per cent in unsaturated hydrocarbons, but as these have 
not been determined in all fractions in this set, they were 
omitted. If included they would bring a considerable por­
tion of the total curve close to 100 per cent. The naph­
thalene and monomethylnaphthalene end is not character­
istic as these had been largely removed by a previous dis­
tillation.

Constituents of Tar

With the data obtained in the preliminary work a new start 
was made. A mixture of four representative coke-oven tars 
with a specific gravity at 15.5° C. of 1.186 and a benzene 
insoluble of 10.6 per cent was selected, and was run first in 
the plant and then in the laboratory, distillation losses being 
eliminated by equation as the work proceeded. The net 
final results are shown in the following table :

C o n st it u e n t s  o p T ar
P er cen t b y  W eight 

on  D ry  Tar
L igh t oil:

C rude ben zen e and  to lu e n e ...............................................................  0 .3
C oum arone, ind en e, e tc .......................................................................  0 .6
X y len es , cu m en es, and  isom ers.......................................................  1 .1

M id d le  and  h ea v y  oils:
N a p h th a len e .............................................................................................. 1 0 .9
U nidentified  o ils in  range of n aph th a lene and m eth y l-

n ap h th a lc n e s ...................................................................................  1 .7
a -M o n o m eth y ln a p h th a len e ...............................................................  1 .0
/S -M on om eth yln ap h th alen e...............................................................  1 .5
D im eth y ln a p h th a len es ......................................................................... 3 .4
A cen ap h th en e...........................................................................................  1 .4
U nidentified  o il in  range of a cen ap h th en e ................................. 1 .0
F lu o ren e ......................................................................................................  1 .6
U nidentified  oil in  range of flu orene.............................................  1 .2

A nth racen e oil:
P h en an th ren e ...........................................................................................  4 . 0 .
A n th racen e..................  1 .1
C arbazol and  kindred n onb asic n itrogen-conta in ing  bodies 2 .3
U nidentified  o ils, an thracen e ra n g e ............................................... 5 .4

P h e n o l....................................................................................................................  0 .7
P h en ol hom ologs (largely cresols and x y le n o ls )................  1 .5
T ar bases (m o stly  p yrid in e, p icolin es, lu tid in es, q u in olin es,

an d  a cr id in e)  ..............................................................................  2 .3
Y ellow  so lid s o f p itch  o ils .  .......................................................................  0 .6
P itch  grea ses .......................................................................................................  6 .4
R esin ou s b o d ie s ................................................................................................. 5 .3
P itch  (460° F . m eltin g  p o in t ) .................................................................... 4 4 .7

T o t a l  . 1 0 0 .0

The general composition of the distillate portion of the 
tar is fairly well accounted for, the unidentified material in 
the lower ranges being inconsiderable (largely unsaturated 
hydrocarbons and paraffins or hydro-aromatics), the greater

U. S. Patent 1,355,103 (October 5, 1920),

part of the unidentified materials occurring in the oils of the 
anthracene range and the solids and greases just below the 
hard pitch.

It is, of course, to be borne in mind that these results 
represent the composition of a mixture of several coke-oven

A— N a p h t h a l e n e . B — M o n o m e t h y l n a p h t h a l e n e s . C — D ip h e n y l . 
D — D im e t h y l n a p h t h a l e n e s . E — A c e n a p h t h e n e . F — F l u o r e n e . G —  
P h e n a n t h r e n e . H — A n t h r a c e n e . I — C arbazol,

tars, and other mixtures or single varieties of these might 
show different percentages of materials, but these variations 
cannot be estimated at present. The amounts given should 
not be taken as commercially recoverable, as it would not 
ordinarily be practicable to refine oils to the extent necessary 
to obtain all of any given constituent.

The most notable feature of the results is the comparatively 
few compounds existing in the tar in appreciable amount, 
probably not over one-quarter of those popularly supposed 
to be there. The fact that phenanthrene is the second most 
abundant chemical in tar is also surprising and indicates the 
desirability of work to effect its chemical utilization. The 
higher boiling resins and greases are worthy of attention by 
future chemical investigators, as they are present in con­
siderable quantity, and further amounts of the resins are 
left in the 460° F. melting point pitch, although this (con­
taining from 50 to 60 per cent of free carbon and considerably 
harder than ordinary commercial pitches) is very close to 
pitch coke. The method of tar distillation was such as to 
minimize cracking, as shown by the fact that the 460° F. 
pitch was entirely fluid when drawn from the still.

The writers believe that the results given are new and afford 
a better picture of the constituents of American coke-oven 
tar than has heretofore been available. They may serve to 
correct many misconceptions which have been prevalent in 
the past, and should indicate certain fields in which effort 
toward the isolation and utilization of coal-tar products is 
desirable.

A New Ethylating Agent
For some time the M ellon Institute of Industria ¡Research, 

University of Pittsburgh, Pittsburgh, Pa., in connection with 
the work of the M ultiple Industrial Fellowship sustained by 
the Carbide & Carbon Chemicals Corp., of N ew  York City, 
has been making a thorough investigation of the properties 
and uses of diethyl sulfate as a general ethylating agent. A. R. 
Cade, an industrial fellow of the institute, under whom the greater 
part of this work has been carried out, has published recently  
a report of the findings of this investigation, which report shows 
diethyl sulfate to be a m ost satisfactory general reagent for 
introducing ethyl groups into organic compounds.

M ellon Institute will be pleased to furnish samples of this 
m aterial to those interested, and Mr. Cade will correspond gladly  
with any one who desires further information upon this sub­
ject. Reprints of the article referred to m ay be obtained by 
writing to Mr. Cade at the institute.



1024 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 15, No. 10

The Surface Tension Balance1
Apparatus for the Rapid M easurem ent of Surface Tension

By Robert Gladding Green

U n iv e r s it y  o f  M in n e s o t a , M in n e a p o l is , M in n .

WITH the increas­
ing application of 
physical and col­

loidal chemistry to biologi­
cal science and the indus­
tries, surface phenomena 
are being recognized as of 
great importance and the 
measurement of surface tension is accordingly becoming a 
very common procedure. Experimental work involving 
large numbers of surface tension determinations has been 
carried on in these laboratories for a number of years, 
and a special study has been made to develop apparatus and 
methods suitable for biochemical investigation. While ra­
pidity of measurement has been considered of prime im­
portance, it has been required that the procedures give 
standard values of reasonable accuracy. For results of dif­
ferent investigations and of various investigators to be com­
parative, it is essential that data be reported in true standard 
units. All methods of surface tension measurement re­
quire correction to give standard values, but as the cor­
rection in case of the drop weight method can be made so 
small as to be negligible, this method has been adopted for 
general use. For use with the drop weight method two types 
of torsion -wire balances have been developed. Such an 
apparatus has been termed a surface tension balance.

A torsion wire balance was used by Searle2 for the measure­
ment of surface tension, the degree of torsion being deter­
mined by the use of weights. DuNuoy3 introduced the pro­
duction of torsion in one end of the torsion wire, and also 
its indication by means of a scale divided into degrees. In 
a preliminary description of this apparatus4 an adjustable 
scale has been introduced, which has made- it possible to 
express the torsion of the wire in standard units of surface 
tension so that readings are made directly in dynes per 
centimeter.

D e s c r i p t i o n

The two types of our surface tension balance are designated 
as Type A and Type B. The apparatus built as used in 
these laboratories is easily convertible from one type to the 
other. In general, the apparatus consists of three mechan­
ical parts, a dropping pipet, a balance beam mounted upon 
a torsion wire, and an adjustable scale. The dropping 
pipet is similar to those used for actual drop weights. The 
balance beam (CB, Fig. 2) supported by the torsion wire 
D carries at one end a silver cup, C, pivoted upon watch 
jewels. The adjustable scale consists of a series of arcs of 
the same radius, but the segments are of different lengths 
and each segment is divided into the same number of units 
by lines normal to the arcs. This division into units is 
different in Type A and Type B. The scale face is movable 
horizontally so that- any one of the series of arcs can be 
moved under the end of the pointer. The scale is so con­
structed in relation to the size of the torsion wire that the 
units represent surface tension in dynes per centimeter.

1 R eceived  April 28 , 1923.
1 Proc. C am bridge P h il. Soe .. 17, 2S5 (1914),
‘ J .  Cen. P hysio l.. 1, 521 (1919).
* J .  B a d .,  7, 367 (1922).

A  new type of surface tension balance is described, an apparatus 
utilizing the drop weight method of measuring surface tension of 
liquids. Less than five drops of liquid are necessary for measure­
ment. No calculations arc used and the drop weights arc not actually 
determined. The surface tension is indicated upon the scale d i­
rectly in dynes per centimeter.

Type A balance is similar 
in design to the apparatus 
described in the preliminary 
paper.4 Here the balance 
beam swings to an angular 
position when a drop of the 
liquid to be measured is 
dropped into the cup. The 

adjustable scale is so placed that the end of the beam oppo­
site the cup acts as a pointer and swings over the scale face 
indicating the surface tension in dynes per centimeter. At 
the angular position of equilibrium the force acting upon 
the balance beam may be expressed by the equation 9c =  w y  
cosG, where 9  =  angle of torsion of the wire, c =  torsion con­
stant of the wire, w =  weight of liquid drop used, and r =  
length of balance beam from torsion wire to cup. This may 

0
be written w =  k — 7- * as c and r are constants. We also

COSO
have Tate’s law, 7  =  kw , where 7  =  surface tension and 
k  =  constant. Combining the two equations, we have

7 e7  =  k  -----
COS0

This relation indicates that a scale reading surface tension 
directly in dynes per centimeter when used on this type of 
balance must be so constructed that the size of the units 
will decrease as the angle of torsion increases. As the rela­
tion between 9  and cos9 is purely geometrical, such a scale 
can be accurately constructed, and is pictured in Fig. 1.

Type A surface tension balance is the simplest and most 
rapid to' operate. It has a limitation of accuracy as the 
function 9 /c o s9  decreases rapidly with large values of 9 .

C opyrigh t, 1923, Robert G. Green 

F ig . 1— S c a l e  on  T y p e  A  B a l a n c e
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F ig . 2— T y p e  B  S u r f a c e  T e n s io n  B l o w e r
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This type of apparatus is calibrated by the use of a standard 
solution, preferably with a low surface tension, as benzene, 
and finds its application where rapidity and ease of manipu­
lation is desired.

Type B apparatus is pictured in Fig. 2. In this type 
the balance beam at equilibrium is in the horizontal posi­
tion, the zero point being determined by the indicator 
K . Angular displacement of the balance beam due to 
the weight of the liquid dropped into the cup is counter­
balanced with torsion produced by rotation of one end of 
the wire. As torsion is produced in the wire by means of 
the wheel W, the pointer P  moves over the scale face and 
indicates the surface tension of the liquid in dynes per centi­
meter when the balance beam is again in the horizontal 
position. At equilibrium the balanced forces are expressible 
in the notation used above as 9c =  wr, and combining this 
with the law of Tate, y  =  kQ, indicating that in this 
type of apparatus the units representing surface tension 
are proportional to the angles of torsion. Such a scale is 
shown constructed in Fig. 3.
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peated calibrations of the instrument will check within one 
or two tenths of a dyne.

The number of drops used depends upon the size of the 
torsion wire; two or three drops have been found very con­
venient. The adjustability of the scale allows for a varia­
tion of 30-degree angular displacement of the pointer, and 
this coupled with the choice of size of torsion wire used and 
the number of drops employed gives the apparatus great 
flexibility.

Evaporation and temperature are the gross sources of 
error. With water and watery solutions the evaporation 
error is minimized in that calibration and measurements 
are made under similar conditions of evaporation. The 
temperature error may be made small by control of room 
temperature or by frequent calibration.

It is essential that the water used in calibration of the 
apparatus be very pure, as minute traces of some substance 
markedly reduce surface tension. It has been practice to 
use freshly redistilled water for calibration of this instrument, 
accepting the surface tension of this liquid as 72.S dynes 
at 20° C.

C a l i b r a t i o n

The pointer is set at zero dynes and the balance beam 
brought opposite the horizontal indicator. Two or three 
drops of pure water (or other standard liquid of ■ known 
surface tension) are dropped from the dropping pipet into 
the cup. The beam is balanced in the horizontal position 
by torsion in the end of the wire, the pointer moving to some 
angular position upon the scale face. In the case of water 
at 25° C., this angular displacement represents 72.8 dynes. 
On the scale face among the series of arcs there will be found 
one which will correspond to this angular displacement and 
will be divided into 72.8 units. The scale face is moved 
laterally until the reading off the end of the pointer is 72.8 
and the apparatus is calibrated. This process is carried out 
quickly and conveniently each time the balance is used or 
the pipet cleaned, and it is also desirable to check the calibra­
tion after running a series of measurements. The pipet 
is the only part of the apparatus to be cleaned, as the cup 
need only be dried and the balance beam checked for zero 
reading. With pure water and careful manipulation re­

New Uses for Wood
Chemical research is revealing new uses for wood that were 

not dreamed of a few years ago, declares the Forest Service, 
D epartm ent of Agriculture. One example is that of the ex­
tended use of pulpwood, not only for paper products, but also 
for fiber containers, wall board, and similar forms of material. 
Wood is already in use for the making of artificial silk, rope, 
carpets, and other fabrics.

C opyrigh t, 1923, Robert G. Green 
F ig . 3 — S c a l e  o n  T y p e  B  B a l a n c e
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The Viscosity of Coke-Oven Tars and Soft Pitches1
By W ilbert J. Huff

T h e  K o p p e r s  C o m pa n y , P it t s b u r g h , P a .

THE general shape of 
the viscosity-temper- 
ature curves for the 

tars and pitches when plot­
ted on ordinary coordinates 
is illustrated by Fig. 1. The 
sharp bend is characteris­
tic. The smooth yet rapid 
transition of the coal-tar 
pitch aggregate from a 
liquid so viscous that it is 
brittle to a mobile fluid re­
sembles in general the cor­
responding change in typi­
cal emulsoid colloids, and 
there is at present little reason to doubt that high-tem- 
perature coal tar and its pitches are colloidal systems. Con­
sidering the wide industrial applications of these materials 
and the importance of physical properties in determining such 
applications, it  is surprising that the theoretical develop­
ment of these has received so little attention.

Today the industry is controlled by a series of empirical 
tests, such as float tests, penetration tests, so-called “melting 
point tests,” slide tests, and “free carbon” tests, whose 
correlation is very imperfectly understood. This leads to 
considerable confusion in the compilation of specifications, 
and throws upon the industry a diversification of demands 
which entails heavy expense. Such empirical tests either 
deal largely and more or less directly with the change in vis- 
vosity with temperature, or, as in the case of “free carbon,” 
deal with constitutive properties which affect the change 
of viscosity with temperature. The shape of the curve 
would, therefore, appear to be of interest to the manufacturer 
and purchaser of coal-tar aggregates.

D e t e r m i n a t i o n  o f  V i s c o s i t y

Following German practice, coal-tar laboratories in this 
country have, in general, adopted the Engler viscometer. 
Recently the Saybolt Universal viscometer has met with 
favor. These instruments are, however, rather unsuited 
for the technical determination of the higher viscosities dis­
played by many tars at or near room temperature, or by 
pitches at temperatures often much higher than room tem­
perature. To meet this need, such laboratories have gen­
erally employed the Stormer viscometer, and the data here 
presented were obtained by this instrument.

This is essentially a rotating cylinder driven by a k n o w  
weight. It was described by Stormer2 and by Rogers and 
Sabin3 for the examination of paint. Its limitations have 
been discussed by Riggs and Carpenter.J Recently it has 
been used by Higgins and Pitman5 for the determination of 
the absolute viscosities of pyroxylin plastics. The last- 
named writers found that the determinations, properly cor­
rected, gave very satisfactory values provided the viscosities 
were greater than 15 centipoises.

i P resen ted  before th e  Section  of G as and F u el C hem istry  a t th e  05th  
M eetin g  o f  th e  A m erican C hem ical S oc ie ty , N ew  H aven , C onn., April 2 
to  7, 1923.

1 O il, P a in t D ru s  R e p ., 27 (1911), through  Petroleum  6, 2184 (1920).
» T h is  J o u r n a i,, 3, 737 (1911).
* Ib id „  4, 901 (1912).
‘ Ib id .,  12, 5S7 (1920).

The chief objection to 
the Stormer viscometer lies 
in the friction factor. With 
no liquid in the instrument, 
the spinning of the cylinder 
for 100 revolutions requires 
some time. Fig. 2 gives the 
time required for 100 revo­
lutions with different driv­
ing weights with no liquid 
present. It shows, as ex­
pected, that with increasing 
driving weight the curve 
approached parallelism with 
the s-axis asymptotically, 

while with increasing times it approached parallelism with the 
2/-axis asymptotically, and suggests a hyperbola. Deter­
minations of points on the curve with driving weights less 
than 10 grams proved difficult, because slight variations in 
the character of the initial impulse seriously affect the time 
required for 100 revolutions.

Since the curve approaches parallelism with the respective 
axes with high driving weights and high times, the instru­
ment appears capable of giving comparative viscosities under 
these conditions, especially when the driving weight remains 
constant throughout, a precaution observed in the experi­
ments reported herewith.

Thus, Higgins and Pitman found that sufficiently high vis­
cosities with high driving weights gave values which could 
be expressed by the straight-line equation V =  A t — B, 
where B  is the correction factor.

An attempt to determine, for the instrument employed, the 
constants of the Higgins and Pitman equation, using as 
calibrating liquids two glycerol solutions having densities 
lying in the region from 1.20 to 1.23, however, gave a slight 
positive value for B. This may have been due to some un­
known experimental error, or to the doubt which lies upon 
the true viscosities for solutions of glycerol in this region.6

V
\
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F ig . 1

The readings were, therefore, converted to absolute vis­
cosities as follows:

The tim e for a carefully calibrated petroleum oil having a v is­
cosity of 29.9 centipoises was found to be 13.5 seconds w ith a 
driving weight of 126.9 grams. The weight necessary to over­

• H erschel, B u r . S ta n d a rd s , Tech. P a p er  112, 23.

In the utilization of tar and soft pitches as liquid fuel, probably 
no property influences the design of pum ps, piping, and burners 
more than the change of viscosity with temperature; yet, to the chem­
ist and engineer seeding information on this property very little 
is available in the literature.

This paper gives the results of a brief study of this property using 
a number of typical coke-oven tars and their Very soft pitches. The 
results arc expressed in such units that they m ay be applied directly 
to the calculation of the pressure drop in pipe lines. Directions 
and form ulas covering such calculations are also appended.

The viscosity data should also prove useful for still and con­
denser design in connection ulith the carbonizing or tar-distilling  
plant.
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come the friction of the em pty viscom eter at a time of 13.5 sec­
onds was determined from Fig. 2 and subtracted from the driving 
weight. For each observation a similar correction was made. 
W hen the tim e was greater than 25 seconds a constant value was 
subtracted. T he absolute viscosity was then calculated as 
fo llow s:
2 9  9  x  ^ s e r v e d  t 'm e f ° r tar or P ^ ch  ^  C orrected w eigh t for tar

O bserved tim e for petroleum  oil C orrected  w eight for petroleum
oil

This procedure is not entirely satisfactory and involves 
certain assumptions not strictly true. It does, however, 
give absolute viscosities sufficiently accurate for engineering 
purposes. Moreover, most of the viscosities of the tars and 
pitches measured are so high that they are undoubtedly 
comparative inter se. The general form of the interpolation 
equation to be discussed later is, therefore, not seriously 
affected by the friction correction.

Much of the criticism of Riggs and Carpenter against the 
Stormer viscometer may be dismissed, because it was based 
upon determinations made in the region where the friction 
correction curve undergoes a sharp bend. The instrument 
does, however, possess à number of faulty features. Thus, 
the bath is too small, making the maintenance of constant 
temperature difficult, and the mechanical suspensions faulty, 
so that it is necessary for the operator to be constantly on 
guard against improper alignments.

There is a great need for a satisfactory viscometer of this 
type. The absence of easily procured calibrating liquids 
of high viscosity has hitherto hindered the introduction of 
the McMichael viscometer.

S c o p e  o f  t h e  D a t a

A siirvey of present practice at a number of plants using • 
tar as a fuel showed that these installations in general had little 
or no difficulty in handling this material where its viscosity 
was less than approximately 100 centipoises, but that pump­
ing troubles were generally encountered when the viscosity 
rose above this figure. This study was, therefore, directed 
towards the shape of the viscosity-temperaturc curve in this 
region.

The pitches examined were representative distillation resi­
dues whose viscosity in general could be reduced to approx­
imately 100 centipoises or less within the range of steam heat­
ing.

V i s c o s i t y - T e m p e r a t u r e  C u r v e

Figs. 3 and 4 illustrate typical data so obtained. The 
viscosity-temperature relationships can best be shown 
graphically on log-log coordinates in which the temperature 
in degrees centigrade is plotted against the viscosity in centi­
poises, since the resulting graph is a flat curve which for all 
practical purposes may be regarded as a straight line. Thus,

for interpolation purposes, the viscosity-temperaturc equa­
tion may be expressed as

jK.
log s =  log K —n log Tc or s =  t j t ;

where z is the viscosity. K  is a constant, n is a constant, and 
T c is the temperature in degrees centigrade.

A similar equation is given by Bateman7 for the change 
in the viscosity of high-boiling creosote and carbolineum 
oils with change in temperature. It is perhaps of interest 
to point out that these interpolation equations form only 
a special case of the rather general empirical equation em­
ployed by Thorpe and Rodgers in their classical work on 
viscosity—viz.,

“ “  (b +  Tc)"
This was first proposed by Slotte.8’3 

In order to indicate possible variations in the character 
of the viscosity-temperaturc curves for a number of different 
tars and their soft pitches, the writer has plotted such data. 
In every case the points on log-log coordinates obeyed ap­
proximately the straight-line relationship shown on Figs. 
3 and 4.

From the slopes and intercepts of the various straight lines 
the following approximate values for K  and n were deduced:

C o n d it io n

,-------L ogarithm
K a

o f------ s
n

R aw  tar
T ar 8742  

■ 8 .2 3 3 .6 6
2 0 . 2 % oil off 1 6 .1 0 7 .0 3
2 2 .7 %  oil ofT 1 6 .2 5 7 .0 0
2 6 .2 %  oil o il 1 6 .9 0 7 .2 2

R aw  tar
T ar 9522  

S . 04 3 .5 6
15% oil off 
18% oil off

1 3 .5 2 5 .8 0
1 3 .8 2 5 .8 5

2 0 % oil off 1 4 .9 0 6 .3 0

R aw  tar
T ar 9523

8 .0 5 3 .5 2
19%  oil off 1 4 .5 0 6 . 2 0
2 2 .3 %  oil off 1 6 .0 0 6 .8 5
2 0 . 2 % oil off I S .30 7 .2 5

R aw  tar
T ar 9524

6 . 1 0 2 .5 8
2 1 . 2 % oil off 1 2 .9 0 5 .6 5
2 2 . 6 % oil off 1 3 .1 5 5 .6 5
27%  oil off 1 4 .4 0 6 . 2 0

R aw  tar
T ar 9525

1 0 .5 2 4 .4 4
7 .2 %  oil off 1 5 .5 0 6 .5 9

1 4 .2 %  oil off 1 7 .2 0 7 .0 6

R aw  tar
T a r 10859

6 .9 8 3 .1 3
2 2 . 6 % oil off 1 2 .3 0 5 .2 6

a A ll logarithm s g iven  h ave 10 as the base.

7 U . S .  D ept. A g r ., B u ll. 1036, 54.
* B ingham , " F lu id ity  and P la stic ity ,"  1922, p. 130. M cG raw -H ill 

Book C om pany, N ew  Y ork C ity .
9 A  m ore exact approxim ation  cu rve w ould p rob ably  be obtained  if 

th is  general equation  were used. I t  is, h ow ever, cum bersom e.
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It should of course be remembered that these constants apply 
only to temperature and viscosity conditions within or near 
the limits adopted for this study.

F ig . 4

V i s c o s i t y  o f  T a r  a n d  O t h e r  P r o p e r t i e s  

The variation in viscosity from tar to tar suggests the in­
teresting possibility of some correlation between this prop­
erty and other properties. Unfortunately, data upon these 
tars were accumulated to meet certain technical exigencies, 
and, at the time, the compilation into a viscosity-temperature 
study was not contemplated, so certain relationships which 
might be of interest could not be developed. Following is 
some of the information available:

T ar
N o .

S742
0522
0523
9524
9525  
10859

Specific 
G rav ity  a t  

1 5 .5 ° /4 °  C. 
1 .1 8 3  
1 .1 4 9
1 .1 6 5  
1 .1 6 3  
1 .2 3 7
1 .1 6 6

F ree
C arbon

%
4 .8 6
(a)
7 .0 7
6 .3 5
(*>)

C rude N ap h th a - A nthra-

W atcr  
%
1 .5  
2 .3
1 .5  
1. 0
3 .0
2.0

a A nother sam ple g ave  4 .28  per cen t free carbon. 
b A nother sam ple g ave  11 per cen t free carbon.

The relative oil—pitch

Tar
A cids

%
2 . 6
1 .5
1 .7
0 .3
0 .7
1 .4

lene
C ake%

3 .2
2 .5
4 .3  

1 0 .5
3 .5
5 .5

cene
C ake

%
1.6
1 .5

1.2
1 .9

1
s q<H7S

A
- A -

CartrvtttAQM _h  ■ 'VfrCOJJ trsvrT*** ------
/ rIs / \

\
\

VIV 1 }
% \\
* i \s \

r t A ------
- f ~T ~ .-  r  ̂

\  j
\

L \ -----V -y

■

yields may be judged 
by reference to the 
table of constants just 
preceding.

The percentages of 
tar acids given are the 
percentages of crude 
acid actually recovered 
from the 170° to 235° 
C. fraction, while the 
percentages of naph­
thalene represent the 
weights of dry naph­
thalene cake actually 
recovered from the 
170° to 270° C. frac­
tions. The distilla­
tions wrere made in a 5 
X 7.5 inch, Jayne type, 
tar still, using a 400° 
C. thermometer, meet­
ing the thermometer 

specifications of A. S. T. M. D -20-18. All data were calcu­
lated upon the raw tars, save the free-carbon values. These
were calculated upon the dehydrated tars, as is customary in
free-carbon tests.
$  It is generally held that the viscosity of a coal tar is re­
lated to its specific gravity and its free-carbon content. 
Unfortunately, data upon the free-carbon content of these 
tars were not complete. For another series of tars, however, 
viscosity,10 specific gravity, and free-carbon data were avail-

T h e  v iscosities  show n in F ig s. 7  and 8  were determ ined  b y  m eans of 
th e  S ayb o lt U niversal viscom eter.

F i g . 5

able and these are shown graphical^ in Figs. 7 and S. A 
graphic comparison between the viscosities of the tars listed 
above and their percentages of crude tar acids and crude 
naphthalene cake is shown in Figs. 5 and 6.

The data are insufficient to formulate a complete explana­
tion of the viscosity of coke-oven tars and their pitches and 
the change of viscosity with temperature. If speculation is 
in order, it is interesting to suppose that the pyrogenetic 
polymerization of the oils and simple chemical compounds 
to the pitch bitumens, with the attendant formation of free 
carbon and increase in density, brings an increase in the aver­
age size of the constituent particle, with an increase in vis­
cosity. The decrease in viscosity with rising temperature 
may be due largely to a degeneration of the loosely bound 
bituminous aggregates.

Whether such speculation may in the future be shown to 
have a firm foundation in fact or not, the data just presented 
indicate that an association does exist between the viscosity, 
free-carbon content, and specific gravity, but that such an 
association is by no means exact. The quantity of any simple 
chemical individual, such as naphthalene or phenol, is ap­
parently not indicative of the viscosity.

The exceptionally viscous tar listed above (9525) is high 
in free-carbon content, water content, specific gravity, pitch 
yield, low in oil yield, and rather low in naphthalene and 
tar acids.

C h a n g e  o f  V i s c o s i t y  o f  T a r s  a n d  P i t c h e s  w i t h  C h a n g i n g  
O i l  C o n t e n t

The experimental values detailed here do not show accurate 
correlation between the volume of the oil distilled from the 
tar and its increase in viscosity with such distillation. This 
is no doubt partly due to the fact that distillation losses of 
varying magnitudes occurred in the preparation of the 
pitches, but many other factors enter. Thus, it is well
known that the oils --------  -- -------- j— r
•themselves undergo an 
increase in viscosity 
with continued heat­
ing, ultimately giving 
the pitch resins or the 
free carbon, and that 
this increase depends 
upon thermal condi­
tions and other varia­
bles. The character of 
the pitch obtained at 
a given oil yield may 
therefore vary with 
distillation conditions.
A minor error is the 
partial crystallization 
of the distillates.11 Our 
present information is 
too limited to permit a 
correlation to be calcu­
lated from any theoret­
ical considerations. Fl0, 6

The tar distiller and the project engineer, however, will 
find it necessary to estimate this change in some manner. 
Given the viscosities of the tar and one pitch, a simple method 
of approximating the viscosity of a pitch not greatly differ­
ent is to assume that the change in temperature for viscos­
ities of approximately 100 centipoises is linear with the 
amount of oil distilled from the tar. The new curve is then 
drawn on log-log coordinates parallel to the pitch curve al­
ready known.

■1 H uff, T h is  J o u r n a l , 10, 1017 (191S).

I ?

*

a»6 rmt.-i j 
f/triait o»AVrwn/»t

I r~~f

T"

r
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In cut-back operations, where the oil is added to the pitch 
and the viscosity of each is known, the viscosity of the mix­
ture may be calculated from an equation given by Bateman12 
—viz., V,„ =  (,Vtt>)(V c1~ t>) where Vm is the viscosity of the 
solution, Vt the viscosity of the tar, and Ve the viscosity of 
the oil, and p  is the percentage of tar used expressed as a 
decimal.

A p p l i c a t i o n  o f  t h e  

V i s c o s i t  v - T e m p e r -  

a t u r e  D a t a  i n  

D e s i g n

The application of 
v ise o sity-temperat ure 
data to engineering 
problems in the design 
of piping is so impor­
tant and so often mis­
understood that a brief 
abstract of a satisfac­
tory procedure appears 
to be justified.

The movement of 
liquids in tubes may 
occur in either of two 
conditions, v isc o u s  
The first is expressed

form if /  =  0.00207
z

Dus This applies to viscous flow.

F ig . 7

(straight line flow) or turbulent flow, 
by the law of Poiseuille:

P  =
0.000668  zlv

and the second by the modified Fanning equation:

0 .3 2 3  flsv*
D

where P  =

F ig . S

for commercial 
Dvs

pipe lines is

=  approximately 0.12. In this region the flow is irreg­

ular and m ay‘take on the characteristics of either region. 
Blausius has pointed out that the equations take the same

1' V . S .  D ept. A g r ., B u ll. 1036, S3.

A number of experimenters have developed relations be- 
Dvs

tween —  and turbulent flow effects. At the suggestion

of W. K. Lewis, this correlation has recently been investi­
gated in detail and applied to commercial installations by a 
group of workers at the Massachusetts Institute of Tech­
nology. The results of this work were published by Wilson, 
McAdams, and Seltzer.13 These show that the turbulent 
flow curve for commercial pipe lines may be approximated 
by the equation:

p r e s s u r e  
drop (pounds 
per s q u a r e  
inch) 

z =  viscosity of 
the liquid (in 
centipoises) 

s =  specific grav­
ity of the liq­
uid (referred 
to water a t 4°  
C.)

I =  length of 
pipe (feet)

D  =  inside diam ­
eter of the 
pipe (inches) 

v =  average lin­
ear velocity  
in pipe line 
(feet per sec­
ond)

f  =  Fanning fric­
tion factor

Between these two con­
ditions there exists a 
critical region winch 

fixed by the relationship

F ig . 9

or more exactly by the equation
(  Z \o .« 2 4 U

/  = 0.0035 +  0 .0 0 5 9 4 ^ J

A graph for this equation is given in the paper cited.
With this information it is possible to calculate readily 

the pressure drop in pipe lines conveying tars or pitches in 
either viscous or turbulent flow.15

The first step involves the calculation of . If this is
z

less than 0.12, showing viscous flow, the Fanning friction co­
efficient is calculated by the equation of Blausius given above

.—namely, /  =  0.00207 r p .  If it is greater than 0.12, the
M VS

value of /  for turbulent flow is calculated according to the 
appropriate equation of Wilson, McAdams, and Seltzer.

If the pipe line contains 90-degree elbows and the flow is 
turbulent, a correction equal to 30 diameters for each elbow 
is added to the length of straight pipe. If, however, the flow 
is viscous, data given by the last-named authors show that 
this correction factor drops off to a value of approximately

2.5 diameters where — ’ is 0.003 or less. Between the co- 
z

ordinates diameter 30, —— =  0.12: and diameter 2.5. —  =  
z z

0.003; on log-log paper, this correction curve approximates

** T h is  J o u r n a l , 14, 105 (1922). T h e w riter is indebted  to th is  article  
for th e inform ation con tain ed  in th is section.

u  A  very  sim ilar equation  had previously been proposed by Lees for 
turbulent flow in sm ooth  pipes.

15 A t th e higher v iscosities, tar and  p itch  m ay tak e on  th e properties  
o f a p lastic solid . I t  therefore appears ad visab le to  so desigu  th e p ip ing  
eq u ip m en t th a t v iscosities o f  100 centipo ises or less m ay be a lw ays secured. 
Cf. A. P ochettin o , N uovo  cim cnto, 8, 77 (1914), from  C. A . ,  11, 2980 (1917).
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a straight line. For values of — ? below 0.003, 2.5 D  mayz
be taken as the correction.16

Knowing /  and the corrected value for I, it is then only 
necessary to substitute these values in the Fanning equation:

P =
0.323 flsv* 

D
This is done irrespective of whether the flow is viscous or tur­
bulent.

Coal tar and its pitches show a tendency to deposit solid 
matter on horizontal surfaces, thus restricting the effective 
diameter. Accordingly, a large factor of safety should be 
allowed in the application of these calculations.

S p e c if ic  G r a v it ie s  o f  T a r s  a n d  P it c h e s

To apply this procedure it is necessary to have some in­
formation on the specific gravities of the tars and pitches and 
the change of specific gravity with temperature. Above are 
given some typical specific gravities for raw coke-oven tars 
at 15.5° C. The change in specific gravities with tempera­
ture can be calculated by reference to Fig. 9, which shows 
approximately the change in volume of an average coke-

16 If  I is less than 300 d iam eters, further corrections m u st be applied . 
See H erschel, Proc. A m . Soc. C ivil. E n g ., 84, 527 (1921), from  W ilson , M c­
A dam s and Seltzer, Ib id ., 84 , 1 IS (1921).

oven tar and of an average soft pitch with change in tempera­
ture. Values so represented are only approximate, because 
the coefficient of expansion varies with the tar and pitch and 
also with the temperature, but present information does not 
justify refinements beyond simple linear relations as shown, 
and these are probably sufficiently accurate for all ordinary 
engineering data.

The specific gravity of the pitch residue at 15.5° C. rises 
rapidly at first as the water and lighter oils are distilled from 
the tar; after that it changes rather slowly as the specific 
gravity of the distillate approaches the specific gravity of 
the' residue. The change in specific gravity, like the change 
in viscosity, is probably influenced by the polymerization of 
the oils during distillation.

Following are some typical specific gravities:

C ondition  
R aw  tar 
15%  oil off 
18%  oil off 
20%  oil off

-T a r  9 5 2 2 -
Specific G ravity  

a t  1 5 .5 ° /4 °  C. 
1 .1 4 9
1 .2 1 4
1 .2 1 5  
1.222

C ondition  
R aw  tar 
2 1 .2 %  oil off 
2 2 .6 %  oil oiT 
27%  oil off

-T a r  9 5 2 4 -
S pecific G ra v ity  
at 1 5 .5 ° /4 °  C. 

1 .1 6  
1 .233  
1 .2 4 3  
1 .2 4 6

A c k n o w l e d g m e n t

The writer wishes to express his thanks to G. G. D 6sy, 
who distilled some of the tars and made some of the deter­
minations included here.

Higher Alcohols from Petroleum Olefins1
By W. W. Clough and Carl O. Johns

S t a n d a r d  O il  C o m pa n y  o f  N e w  J e r s e y , E l iz a b e t h , N . J .

This paper presents the chemical properties and physical con­
stants of some secondary higher alcohols manufactured from  the 
olefins form ed in the commercial cracking of petroleum oils. N ew  
azeotropic mixtures of some of these alcohols with Water and with 
the alcohols and their acetates are described. The alcohols obtained 
by this process thus fa r  have all been normal secondary alcohols. 
The availability of this scries of alcohols, all of which have hitherto

CRUDE petroleum is practically devoid of olefins, 
but these compounds are formed in large quantities 
in the pyrolytic decomposition of mineral oils at 

elevated temperatures. Since pyrolysis is carried out on an 
extensive scale in the cracking of the heavier oils to produce 
gasoline, a very large supply of olefins is available from this 
source.

The chemistry of cracking of oils is not fully known, since 
the decomposition may proceed in various ways according 
to the conditions employed and the chemical constitution 
of the molecules which are cracked. There is evidence, 
however, that in its simplest form cracking consists in the 
splitting of the large molecules into saturated and unsaturated 
hydrocarbons. Thus, decane might decompose into pen- 
tane and amylene as follows:
CH3.(C H 2)S.CH3 =  CH 3.(C H 2)3.CH 3 +  CH 3.(CH 2)2.CH =  CH 2 

Decane Pentane Am ylene

Olefins combine with sulfuric acid to form alkyl acid es­
ters and when such acid esters are hydrolyzed they produce 
alcohols and sulfuric acid. These reactions may be shown 
as follows:

1 Presen ted  before th e  D iv is ion  o f  P etro leu m  C hem istry  a t  th e  65th  
M eetin g  o f th e  A m erican C hem ical S o c ie ty , N ew  H aven , C onn ., A pril 2 
to  7 , 1923.

been very rare, should furnish the organic chemist with raw m aterials 
for the synthesis of a Wide range of organic compounds. A  fe w  
derivatives of the alcohols arc described and some of these Will add  
to our list of organic solvents. This process constitutes one of the 
few  cases in which the by-products of the petroleum refinery have 
been employed on a commercial scale for the synthesis of organic 
compounds.

c h 3. c h  =  CH2 +  H-SO< =  CH 3.CH(HSO<).CH3 
Propylene Secondary propyl sulfuric acid

CH 3.CH(HSO<).CH3 +  H 20  =  c h 3. c h o h . c h 3 +  H 2SO<
Isopropyl alcohol

The discovery by Mann and Williams,2 that a mixture of 
a mineral oil and sulfuric acid promotes the formation of 
esters, is an important step in the development of a practical 
process of manufacturing alcohols from refinery gases. Work­
ing under assigned patents, the Standard Oil Company of 
New Jersey has developed and is operating a commercial 
process for the manufacture of higher alcohols from the 
olefins in pressure still gases. Many difficulties had to be 
overcome in transferring the process from a laboratory to a 
commercial scale. The success which has been attained is 
chiefly due to the persistent efforts of M. D. Mann, Jr., who 
designed the alcohol plant and has charge of it.

The gases which are used for the manufacture of the al­
cohols contain a mixture of olefins from which isopropyl 
and secondary butyl, amyl, hexyl, heptyl, and octyl alcohols 
are obtained. These are produced in decreasing proportions 
in the order just stated. All of these alcohols made thus far 
in a pure state have been normal secondary alcohols—that 
is, alcohols containing the hydroxy group on the second car-

> U . S . P a ten t 1 ,365,043 (1921).
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bon atom of a straight-chain hydrocarbon. Although ethyl­
ene is present in the gases, there is no evidence of the forma­
tion of ethyl alcohol as the process is now operated.

I s o p r o p y l  A lc o h o l , 2 -P r o pa n o l

The rectified alcohol3 is obtained as a constant boiling 
mixture containing 91 per cent of alcohol and 9 per cent of 
water by volume. This mixture boils at 8 0 .4 °  C. and has 
a specific gravity of 0 .816  at 2 0 ° /4 °  C. It is easier to de­
hydrate than is ethyl alcohol and a short digestion with ex­
cess of caustic soda and subsequent distillation gives a prac­
tically anhydrous alcohol which boils at 82 .4 ° C., with a 
specific gravity of 0.785 at 2 0 ° /4 °  C. Isopropyl alcohol is 
miscible in all proportions with water, but may be salted out 
by saturating the solution with sodium chloride or other 
salts or with sodium hydroxide. The isopropyl alcohol 
now marketed is a colorless liquid having a somewhat bitter 
taste and a characteristic alcoholic odor different from that 
of ethyl alcohol but pleasant and free from the odors of the 
crude product.

A z e o t r o p ic  M i x t u r e  o f  I s o p r o p y l  A l c o h o l  a n d  Iso­
p r o p y l  A c e t a t e —This constant boiling mixture has not 
hitherto been described. It boils at 8 0 .1 °  C. and 760 mm., 
and consists of 52.3 per cent of isopropyl alcohol and 47.7 
per cent of isopropyl acetate by weight. It has a specific 
gravity of 0.8191 at 2 0 ° /4 °  C. It has a pleasant odor and is 
an excellent solvent for many organic compounds.

I s o p r o p y l  C h lo r id e - 1—This compound is easily made by 
slowly distilling a mixture of isopropyl alcohol and concen­
trated aqueous hydrochloric acid. To insure the best re­
sults it is necessary to employ a column of sufficient frac­
tionating capacity to permit the chloride to distil over with 
as little alcohol as possible. This is relatively easy since the 
chloride boils at 3 6 .5 °  C. and the alcohol at 8 0 .4 °  C. Iso­
propyl chloride is an excellent solvent for fats, and while it 
may be ignited it burns slowly and the flame is easily ex­
tinguished.

Se c o n d a r y  B u t y l  A lc o h o l , 2 -B u t a n o l

This alcohol, which has been known hitherto only as a rare 
laboratory chemical, is now available in commercial quan­
tities at a low price. Former investigators usually prepared 
it for experimental purposes by reducing methylethyl ketone 
with sodium. This method was used by Norris and Green,6 
who have published an extensive investigation on this al­
cohol and its derivatives. In a recent very excellent paper, 
Brunei, Crenshaw, and Tobin6 state that they prepared 
secondary butyl alcohol from the corresponding ketone by 
reduction with hydrogen under pressure, using nickel oxide 
as catalyst.

A z e o t r o p ic  M i x t u r e  o f  S e c o n d a r y  B u t y l  A l c o h o l  
a n d  W a t e r —When the aqueous solution containing the mix­
ture of soluble alcohols resulting from the hydrolysis of the 
acid esters is rectified, the constant boiling mixture of iso­
propyl alcohol and water distils over at 8 0 .4 °  C. From this 
residue, if sufficient water is present, the secondary butyl 
alcohol distils over as a constant boiling mixture with water 
at 8 7 .5 °  C.

As far as the writers have been able to ascertain, this azeo­
tropic mixture is not described in the literature. It was dis­
covered by Mann and Lebo in the alcohol plant of this com­
pany while fractionating an aqueous solution which con­
tained chiefly secondary butyl alcohol admixed with a small

a G rant and  J o h n s. A m . J .  P h a r m ., 94, 418  (1922); L eb o , J .  A m . Chem . 
Soc., 43, 1005 (1921); C urm e, C hem . M et. E n g ., 26, 1049 (1921).

* L inneraan, A n n . ,  136, 41 (1865); G rant and Joh n s, A m . J .  P h a rm ., 
94, 424 (1922); U . S . P a te n t 1 ,436,377 (1922).

* A m . C hem . J . ,  26, 301 (1901).
■ J .  A m . C hem . Soc., 43, 561 (1921).

proportion of other alcohols. The initial fractionation 
was made on a charge of 1000 gallons with a 30-plate,: 20- 
foot fractionating column. A portion of this distillate was 
later re-run in a glass laboratory still, which has also been 
used for the final fractionation of the other distillates de­
scribed in this paper. This still was designed by Buc and 
consists of a glass column 2 meters high and of 5 cm. internal 
diameter. The column is filled with glass tubes with an in­
ternal diameter of about 5 mm. and 25 mm. long. These 
tubes are constricted somewhat at both ends and are placed 
in the column so that the liquid will readily drain out of them. 
This fractionating column can readily be adapted to stills 
of different sizes.

A portion of the secondary butyl alcohol which had pre­
viously been fractionated in the large still was re-run in the 
glass still and was found to boil at a constant temperature 
of 87.5° C. and 760 mm. It had a specific gravity of 0.8620 
at 20°/4° C. and contained 72.7 per cent of alcohol by weight 
and 77.72 per cent by volume.

P u r i f i c a t i o n  a n d  D e h y d r a t i o n  o f  S e c o n d a r y  B u t y l  

A l c o h o l —The first lot of pure anhydrous alcohol was pre­
pared by drying over sodium hydroxide a mixture consisting 
of isopropyl, secondary butyl, and a small proportion of still 
higher alcohols. This did not remove all the water, but on 
distillation the isopropyl alcohol carried over some water 
and as the temperature rose the remainder was carried over 
with the first portion of the secondary butyl alcohol. It 
was very easy to obtain pure anhydrous secondary butyl 
alcohol in this manner by fractionating three or four times. 
A  second lot of pure alcohol was prepared by dehydrating 
the azeotropic mixture of secondary butyl alcohol and water 
with sodium hydroxide and then distilling the alcohol over 
aluminium amalgam. This method gave pure anhydrous 
alcohol very readily.

D e t e r m i n a t i o n  o f  t h e  B o i l i n g  P o i n t  o f  t h e  A l c o h o l —  

Since ample quantities of secondary butyl alcohol which had 
been purified by the foregoing methods were available, the 
boiling point determinations were made by means of the glass 
still previously described, using two accurate Anschutz 
thermometers. The boiling point of both lots of purified 
alcohol was 99.40° C. at 760 mm. Brunei, Crenshaw, and

dT
Tobin obtained 99.53° C. at 760 mm. The value for —

dp
in degrees per millimeter pressure was 0.036, or the same as 
that found by these authors.

D e t e r m i n a t i o n  o f  S p e c i f i c  G r a v i t y —Determinations 
were made in a 50-cc., vacuum-jacketed specific gravity 
bottle. The following results were obtained:

D  1 5 ° /4 °  C. £ > 2 0 ° / - l° C . D  2 5 ° / 4 0 C.
0 .8 1 0 4  0 .8 0 6 3  0 .8 0 2 7

The density at 25° C. agrees with that obtained by Brunei, 
Crenshaw, and Tobin.

The following alcohol-water mixtures were made by weigh­
ing the alcohol and water in a glass-stoppered bottle, and the 
specific gravities were determined at 20°/4° C.:

Per cen t A lcohol by
W eight D  2 0 ° /4 °  C.

1 0 0 .0 0 0 .8 0 6 3
8 9 .5 0 0 .8 2 8 1
7 9 .CO 0 .8 4 6 5
69 .3 1 0 .8 6 8 2
0 4 .1 7 0 .8 7 9 7

Im m iscib le
1 7 .8 5 0 .9 7 3 2
1 0 .0 0 0 .9 8 4 2

0 .0 0 0 .9 9 8 2

The results were plotted to a large scale on cross-section 
paper so that 0.01 per cent of the volume and 0.0002 of the 
specific gravity could be read. These points were connected
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by a smooth curve and from this the following table was con­
structed. The temperature correction table was constructed 
by taking the specific gravities of the alcohol-water mixtures 
at 1 5 7 4 ° , 2 0 7 4 ° , and 2 5 7 4 °  C.

T a b l e  I — S p e c if ic  G r a v it y  o f  S e c o n d a r y  B u t y l  Al c o h o l- W a t e r  M ix -

Per cen t P er cen t Specific P er cen t Per cen t Specific
b y  W eight b y  V olum e G ravity b y  W eight b y  V olum e G ravity

0 0 0 .9 9 8 2 73 7 7 .9 9 0 .8 6 1 4
1 1 .2 4 0 .9 9 6 8 74 7 8 .8 7 0 .8 5 9 4
2 2 .4 7 0 .9 9 5 4 75 7 9 .7 5 0 .S 5 7 4
3 • 3 .7 0 0 .9 9 4 0 76 8 0 .6 3 0 .8 5 5 4
4 4 .9 2 0 .9 9 2 6 77 S I . 50 0 .8 5 3 4
5 6 .1 4 0 .9 9 1 2 78 S 2 .3 6 0 .8 5 1 4
6 7 .3 6 0 .9 8 9 S 79 8 3 .2 2 0 .S 4 9 3
7 8 .5 8 0 .9 8 8 4 80 S 4 .0 7 0 .8 4 7 3
S 9 .7 9 0 .9 S 7 0 SI 8 4 .9 2 0 .8 4 5 3
9 1 1 .0 0 0 .9 8 5 6 82 8 5 .7 6 0 .8 4 3 3

10 1 2 .2 1 0 .9 8 4 2 S3 S 6 .6 0 0 .8 4 1 3
11 13 .4 1 0 .9 8 2 8 84 8 7 .4 4 0 .8 3 9 3
12 1 4 .6 1 0 .9 8 1 4 S5 S 8 .2 7 0 .8 3 7 3
13 1 5 .8 0 0 .9 8 0 0 86 S 9 .0 9 0 .8 3 5 2
14 1 6 .9 9 0 .9 7 8 6 87 8 9 .9 0 0 .8 3 3 2
15 1 8 .1 8 0 .9 7 7 2 SS 9 0 .7 1 0 .8 3 1 1
16 1 9 .3 6 0 .9 7 5 8 S9 9 1 .5 1 0 .8 2 9 1
17 2 0 .5 4 0 .9 7 4 4 90 9 2 .3 1 0 .8 2 7 0
1 7 .8 5 2 1 .5 5 0 .9 7 3 2 91 9 3 .1 0 0 .S 2 4 9

Im m iscib le 92 9 3 .8 9 0 .8 2 2 9
6 4 .1 7 6 9 .9 7 0 .8 7 9 2 93 9 4 .6 7 0 .8 2 0 8
65 7 0 .7 4 0 .8 7 7 5 9-1 9 5 .4 5 0 .8 1 8 8
66 7 1 .6 7 0 .8 7 5 6 95 9 6 .2 2 0 .8 1 6 7
67 7 2 .5 9 0 .8 7 3 7 96 9 6 .9 9 0 .8 1 4 7
68 7 3 .5 1 0 .8 7 1 6 97 9 7 .7 6 0 .8 1 2 7
69 7 4 .4 2 0 .8 6 9 6 98 9 8 .5 2 0 .8 1 0 6
70 7 5 .3 2 0 .8 6 7 5 99 9 9 .2 7 0 .8 0 8 5
71 7 6 .2 1 0 .8 6 5 5 100 1 0 0 .0 0 0 .8 0 6 3
72 7 7 .1 0 0 .S 6 3 4

T a b l e  I I — T e m p e r a t u r e  C o r r e c t io n

(C han ge in  specific g rav ity  per degree centigrade)
S tren gth
A lcohol

P e r c e n t C orrection
10 0 .0 0 0 3 5
16 0 .0 0 0 4 4

Im m iscib le
65 0 .0 0 0 7 7
70 0 .0 0 0 7 7
SO 0 .0 0 0 7 7
90 0 .0 0 0 7 7

100 0 .0 0 0 7 7

S e c o n d a r y  B u t y l  A c e t a t e —This compound was made 
by refluxing 1 mol of secondary butyl alcohol with 1 mol 
of acetic anhydride until the reaction was complete. After 
washing with water, neutralizing with sodium carbonate, 
and drying over calcium chloride, the ester distilled at 112.2° 
C. and 760 mm. Norris and Green report a boiling point 
of this ester at 1 11 .5° to 112° C. at 744 mm. The specific 
gravity of the ester obtained by the writers was 0.8701 at 
2 0 ° /4 °  C.

A z e o t r o p ic  M i x t u r e  o p  S e c o n d a r y  B u t y l  A l c o h o l  
a n d  S e c o n d a r y  B u t y l  A c e t a t e —The mixture boiled at 
9 9 .6 0 ° C . at 758 mm. and consisted of 86 .3  per cent of sec­
ondary butyl alcohol and 13.7 per cent of the ester by weight. 
Its specific gravity at 2 0 ° /4 °  C . was 0.8137. It possessed 
a characteristic ester odor.

S e c o n d a r y  B u t y l  C h l o r i d e ,  2 - C h l o r b u t a n e —This 
compound was made in the same manner as isopropyl chloride 
and the reaction proceeded very easily. The boiling point 
of the chloride was 68° C .,7 at 760 mm. It had a pleasant 
odor and was a good solvent for fats and waxes.

S e c o n d a r y  A m y l  A lc o h o l , 2 -P e n t a n o l

This was fractionated from a mixture containing the amyl 
alcohol together with some water and other alcohols. In 
this way a large fraction boiling between 118° and 120° C. 
was collected. This was refractionated until a constant 
boiling point of 119 .2° C.8 at 760 mm. was attained. This 
alcohol had a specific gravity of 0.8088 at 2 0 ° /4 °  C.

7 E streich er, B c r., S3, 4 38  (1901); N orris and  G reen, A m . C hem . J . t 
26, 307 (1901).

8 W agner and  S a izew , A n n . ,  179, 319 (1875); B ie loh oub ek , B e r.,  9, 
925 (1876).

At 20° C ., 100 grams of secondary amyl alcohol dissolved
11.2 grams of water and 100 grams of water dissolved 4.2 
grams of the alcohol.

T a b l e  I I I — S p e c i f ic  G r a v i t y  o p  S e c o n d a r y  A m y l A l c o h o l - W a t e r  
M i x t u r e s  a t  2 0 ° /4 °  C.

Per c e n t  P er c e n t  Specific
b y  W eigh t b y  V olum e G rav ity

8 9 .8  9 1 .6 7  0 .8 2 9 9
90 9 1 .7 6  0 .8 2 9 5
91 9 2 .5 9  0 .8 2 7 5
92  9 3 .4 3  0 .8 2 5 5
93 9 4 .2 6  0 .8 2 3 5
94 9 5 .0 9  0 .8 2 1 4
95 9 5 .9 2  0 .8 1 9 3
96 9 6 .7 5  0 .8 1 7 2
97 9 7 .5 7  0 .8 1 5 1
98  9 8 .3 8  0 .8 1 3 0
99 9 9 .1 9  0 .8 1 0 9

100 1 0 0 .0 0  0 .S 0 8 8

S e c o n d a r y  A m y l C h l o r id e ,  2 - C h l o r p e n t a n e —This 
compound was made in the same manner as isopropyl chloride 
and secondary butyl chloride. It boiled at 96° C .9 at 760 
mm. It also had a sweet odor and was a good solvent for 
fats and waxes.

Se c o n d a r y  H e x y l  A lc o h o l , 2 -H e x a n o l

This alcohol was fractionated from a mixture of higher 
alcohols. A boiling point of 139.4° to 139.6° C .10 was 
obtained. This is within 0.5 degree of the boiling points 
given in two of the three papers referred to. The alcohol 
had a specific gravity of 0.8159 at 20°/4° C .

A lco h o ls  H ig h e r  t h a n  H e x y l

After the removal of all the alcohols up to and including 
secondary hexyl from the mixture obtained in the alcohol 
process, there remains an oily liquid which contains alcohols 
still higher than those already described. From this residual 
liquid have been isolated two alcohols with the characteristics 
of secondary heptyl (2-heptanol), and secondary octyl al­
cohol (2-octanol). The properties of these two alcohols 
have not yet been definitely determined and further work is 
in progress.

H ig h e r  A lco h o ls  i n  O r g a n ic  S y n t h e s e s

All the alcohols described here are now available in com­
mercial quantities, with the exception of the hexyl, heptyl, 
and octyl. While they may be used as solvents, it is apparent 
to the organic chemist that the availability of these hitherto 
very rare alcohols opens up an extensive field for their use 
in organic syntheses. While only a few derivatives have been 
mentioned in this paper, several others have been prepared. 
It is probable that some of these alcohols or their derivatives 
may find use in cosmetics and pharmaceutical preparations.

• P rzew alsk i, C hem . Z en tr .,  1909, 1 1 ,7 9 3 ;  W agner and  Saizew , A n n . t 
179, 321 (1S75).

10 P on zio , G azz. ch tm . H al., 31, I ,  404  (1901); S ab atier  and  Senderens, 
C om pl. r en d ., 137, 302  (1903); Z elin sk y  and  P rzew alsk i, C hem . Z en tr ., 
1908, I I , 1855.

Registration at Milwaukee
A rkansas 4 M assach u setts 34 P e n n sy lvan ia 45
C on n ecticu t S M ich igan 29 R h od e Island 5
C alifornia 5 M ississip p i 1 S o u th  D a k o ta 1
C olorado 4 M issou ri 17 T en n essee 4
D elaw are 5 M on tan a 1 T exas 3
G eorgia 3 M ain e 1 U ta h 1
I llin o is 179 N eb rask a 6 V irginia 3
In d ian a 33 N e w  Jersey 20 W est V irginia 6
Iow a 27 N e v a d a 1 W ashin gton 4
K an sas 3 N e w  Y ork 59 W isconsin 192
K e n tu ck y 2 N ew  H am pshire 2 W ash in g ton , D . C. 32
L ou isian a 6 N o rth  D a k o ta 2 W yom in g 1
M arylan d 6 Oregon 3 N ew  M exico 1
M in n eso ta 32 O hio 59 C anada 2

G uests 94
T o t a l  R e g is t r a t io n 946
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Some Factors W hich Affect the Plasticity of a Paint1
By Eugene C. Bingham and Alfred G. Jacques

Ea r l i e r  work by
Booge, B in gh am , 
and Bruce2 proved 

that when tw’o paints are 
carefully prepared under 
supposedly identical condi­
tions so as to be identical 
in other properties, the 
plasticities of the two paints 
may be considerably dif­
ferent. This work makes it highly desirable to conduct an 
intensive study of the factors which influence the plasticity.

C o n d i t i o n s  o f  G r i n d i n g

An Abbé ball mill revolving at 88.5 r. p. m. was used as in a 
previous investigation. The m iters’ effort has been confined 
to a study of the changes in plasticity with the time of grinding. 
Paint B was made to contain 65 per cent by weight of Gold 
Seal Bechton White Lithopone and 35 per cent of acid-refined 
linseed oil. The oil was first added, the pigment then stirred 
in, and finally the pebbles were added. The paint samples 
w'ere removed periodically, evacuated, and measured with 
the Bingham and Green plastometer.

A second paint, C, was made with the same ingredients 
but with 60 per cent of lithopone and 40 per cent of oil. In 
this case only one-half of the pigment was added during the 
first half hour of grinding. The remainder was added in four 
portions with 3 minutes of grinding between each addition. 
The time of grinding wras then reckoned from the time of the 
last addition.

T a b l e  I — C h a n c e  in  P l a st ic it y  o f  a P a in t  d u r in g  G r in d in g

T im e o f G rinding Y ield  V alu e D y n e s
H ours M ob ility  S q . Cm.

P o in t B , 65  per cent lithopone and  35  per cent acid-refined linseed  oil 
D en sity  =  1.885, tem pera ture  =* 2 5 °  C .t ca p illa ry  N o . 10 3 

2 2 .6  0 .3 8  210
31 0 .3 S  110
39 0.3G  100
55  0 .3 1  105
03 0 .2 6  115
71 0 .2 2  110

P a in t C , 60  per cent lithopone and  40  per cent acid-refined linseed  o il 
D en sity  =* 1.742, tem perature  *=»2 5 ° C ., ca p illa ry  N o . 13  

8 0 .6 2  250
16 0 .6 4  200
24 0 .6 1  110
32  0 .6 3  90
41 0 .6 2  SO
49  0 .6 0  85
57 0 .5 6  90

The method of adding the ingredients with Paint C is a 
decided improvement, for during the first part of the mixing 
the paint is stiff, with high yield value and low mobility, as 
will be seen later, and the ball mill may cease to function as a 
mixer. It is desirable, therefore, to have the concentration 
of pigment much lower at the start than later when the oil 
is thoroughly incorporated. It has been found experimen­
tally that, even after several hours of attempted mixing, the 
paint may be so inhomogeneous that on subjecting it to 
shear in the plastometer the more mobile portions will flow 
out through the capillary, so that the paint remaining in the

1 P resented  before th e  D iv is ion  o f P h ysica l and Inorganic C hem istry  at 
the 65th  M eetin g  of th e A m erican C hem ical S o c ie ty , N ew  H aven , C onn., 
April 2 to  7, 1923.

1 Proc. A m . Soc. T esting  M a te ria ls , 22, I I , 420  (1922).
J Ib id .,  22, 446  (1922).

plastometer becomes con­
tinually stiffer. Needless 
to say, it is impossible to 
obtain consistent values 
during this stage in the 
mixing.

A summary of the data 
obtained from Paints B 
and C is given in Table I.

The results prove that
the yield value fajls off rapidly as the grinding proceeds and 
reaches a constant value after a long time, much longer 
than was at first supposed, which under the conditions here 
employed is about 30 hours. The mobility increases at first 
slightly and then falls off. The maximum wras reached in 
the writers’ experiments in about 30 hours.

Bingham, Bruce, and Wolbach4 ground a 65 per cent litho­
pone paint with acid-refined linseed oil for 16 hours, and
obtained a yield value of 146 and a mobility of 0.36. They
diluted this paint down to a composition of 60 per cent litho­
pone and 40 per cent oil, and obtained a yield value of 108 
and a mobility of 0.62. The mobilities obtained by the writ-
ers agree fairly well with those of Bingham, Bruce, and
Wolbach, but their yield values are considerably higher than 
the final yield value obtained by the writers, although not so 
high as the first values obtained. It is noted that the first 
yield value observed after many hours of grinding is more than 
100 per cent higher than its final value.

T a b l e  II— C h a n g e  o f  P l a st ic it v  w it h  C o n c e n t r a t io n — 2 5 °  C .

W eight Percentage /---------- M o b il ity -----------s ,---------- Y ield V alu e----------%
of L ithopone Observed C alculated Observed C alcu lated

P a in t F , Bechton W h ite  Gold Sea l L ithopone  o f  density  4 .3 0 . suspended  in
m inera l oil con ta in ing  2 per cent o f  oleic acid, density  0 .8751

6 5 .0 0 .4 6 0 .5 4 1010 9S0
6 2 .5 0 .5 3 0 .6 0 810 840
6 0 .0 0 .6 4 0 .6 6 720 710
5 5 .0 0 .7 8 0 .7 S 430 410
5 0 .0 0 .9 6 0 .9 0 280 170
4 5 .0 1 .0 3 1 .0 2 230 0
3 5 .0 1 .3 0 1 .2 7 115
2 5 .0 1 .6 3 1 .5 1 95
1 5 .0 1 .7 8 1 .7 5 40
0 .0 2 .1 1 2 .1 1 0

P a in t G, Bechton W hite  Gold Seal L ith o p o n e  o f  den sity  4 .30 , suspended  in  a
m ix tu re  o f  equal parts by weight o f  m inera l o tl a n d  acid-refined linseed  oil,
density  0 .9001

6 5 .0 0 .4 3 0 .4 9 970 970
6 2 .5 0 .5 4 0 .5 7 820 810
6 0 .0 0 .6 3 0 .6 4 650 650
5 5 .0 0 .7 5 0 .7 9 315 320
5 0 .0 0 .9 3 0 .9 3 270 • 0
4 5 .0 1 .0 9 1 .0 8 120
3 5 .0 1 .4 2 1 .3 7 40
2 5 .0 1 .6 7 1 .6 6 20
1 5 .0 1 .9 6 1 .9 5 0

0 .0 2 .4 0 2 .4 0 0

C o n c e n t r a t i o n  o f  t h e  D i s p e r s e  P h a s e

Bingham, Bruce, and Wolbach4 found simple relations 
when the yield values and mobilities of paints of different 
concentrations wrere measured. In their experiments only 
a single scries of paints was obtained by dilution; hence, it 
was very desirable to confirm and extend their wrork and to 
determine whether similar results would have been obtained 
by direct grinding of samples instead of by dilution.

In order to use vehicles which are as widely different as 
possible, the writers have used a neutral mineral oil contain-

' J .  F rank lin  In s t. ,  195, 303 (1923).

L a f a y e t t e  C o l l e g e , E asto n , P a .

It is practicable to express quantitatively the effects produced 
upon a pain t by long continued grinding, by changing the concen­
tration of pigment, by adding soaps, water, m ineral oil, or defloccu- 
lating agents, etc. Since the y ie ld  value and mobility are inde­
pendent properties, these factors affect now one of these properties, 
then the other, and sometimes both simultaneously. This inde­
pendence and the occasionally prodigious magnitude of the effects 
enhance the importance of the p lasticity method.
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ing 2 per cent by weight of oleic acid for Paint F and a mixture 
of neutral mineral oil with an equal weight of acid-refined 
linseed oil for Paint G. Both paints were ground for 32 
hours and other concentrations obtained by dilution. The 
results are summarized in Table II.

These results are exactly similar to those of Bingham, 
Bruce, and Wolbach in the following respects:

1— The yield value-concentration curve is linear a t the high 
concentrations, indicating that a zero yield value a t a definite 
concentration of 48 per cent by weight in Paint F and 50 per 
cent by w eight in Paint G m ight be expected as compared with  
a concentration of 43 per cent by weight obtained by Bingham, 
Bruce, and Wolbach.

2 — T he yield value-concentration curves invariably depart 
from linearity a t low concentrations, so that every concentra­
tion of paint, no m atter how small, shows a yield value. The 
pseudo-plastic condition5 in  paints therefore seems to  be quite 
well established, even though it has not as ye t been explained. 
It  is not always easy to measure the efflux satisfactorily in the  
pseudo-plastic mixtures, but the values of thq, yield values seem  
to lie on a sm ooth curve.

3— The m obility-concentration curve is quite positively  
linear, pointing to a concentration of zero m obility of 81 per 
cent by weight for Paint F, 80.5 per cent for Paint G, as against 
79.6 per cent by weight in the paint studied by Bingham , Bruce, 
and Wolbach.

This concentration of zero mobility would seem to be re­
lated to the volume of cubical close-packing,6 which for 
equal spheres is 52.4 per cent by volume. It would appear 
that this concentration of zero mobility ought to be the same 
for any given disperse phase, independent of the dispersion 
medium. In the three paints studied the volume' concentra­
tion of zero mobility for lithopone turns out to be 46.4 per 
cent by volume for Paint F, 46.4 per cent by volume for Paint 
G, and 45.6 per cent by volume for paint studied by Bingham, 
Bruce, and Wolbach. This is very satisfactory agreement, 
the average value being close to 46.1 per cent by volume. 
That this value is so much less than the 52.4 per cent de­
rived mathematically for equal spheres, may provisionally 
be attributed to the irregular shapes of the particles of the 
lithopone.

The mobilities of the three paints may be represented by 
the empirical formulas

P aint F , m =  v  (1 — 1-15 n)
Paint G,m =  v  (1 -  1.22;«)
Paint studied by Bingham , Bruce, and W olbach, n =  <p (1 — 1.26 n)

where <p is the fluidity of the medium, and n is the fraction by 
weight of the disperse phase. It seems probable that the 
mobility of the suspension is determined by the fluidity of 
the medium, and one other factor which may be described as 
the free volume of the dispersion medium, in analogy with the 
free volume with which we have become familiar in pure 
liquids. The theory leads to a formula similar to that 
above except that the concentrations are by volume instead 
of by weight. This important peculiarity is as yet unex­
plained.

The mobilities as calculated by the foregoing formulas for
Paints F  and G are given in Table II, and the agreement
between the observed and calculated values is very good.

The concentration of zero yield value as given above for 
Paints F  and G is the same within the experimental error. 
This value is slightly higher than that obtained by Bingham, 
Bruce, and Wolbach. The concentration of zero yield 
value is affected by the size of particles of the disperse phase, 
but the yield value is very sensitive to the adhesion between 
the disperse phase and the dispersion medium, so that the 
approximate identity in these very diverse paints is remark­
able. For example, if we compare these three paints at a

‘ T in s  J o u r n a l ,  14, 1014 (1922).
8 B ingham , " F lu id ity  and  P la stic ity ,"  p. 228.

65 per. cent concentration of pigment, we find that all of them  
have the same mobility—viz., 0.48—but the yield values are 
very different, 1010 for F, 970 for G, and 129 for the paint 
studied by Bingham, Bruce, and Wolbach. It therefore 
seems probable that the concentration of zero yield value is 
independent of the fluidity of the medium or of its adhesion to 
the. pigment. It may therefore be solely dependent upon 
the individual particles.

It may be noted that the yield value-weight concentration 
curve departs from linearity at very different yield values in 
the different paints—viz., 400 dynes per sq. cm. for Paint F, 
310 for Paint G, and 35 for the paint of Bingham, Bruce, and 
Wolbach. But the concentration in which this departure 
from linearity takes place is nearly the same, being 55 per 
cent for F, 55 for G, and 50 for the paint of Bingham, Bruce, 
and Wolbach.

The equations of the yield value-weight concentration 
curves are /  =  53.6 n — 2510 for Paint F, and /  =  66 n 
— 3310 for Paint G. The agreement between the observed 
and the calculated values is given in the last column of 
Table II.

P a r t i c l e  S i z e

A few qualitative experiments seemed desirable to exhibit 
the effect of particle size on the yield value and mobility. 
For this purpose silica, normally used as a paint filler and 
known to have particles of large size as compared with the 
particles in lithopone, was ground in acid-refined linseed 
oil to contain 65 per cent by weight of silica and measured 
on the plastometer, at 25° C. The yield value was found to 
be 25 dynes per sq. cm., which' is very much less than the 
yield value of 129 found by Bingham, Bruce, and Wolbach 
for the same concentration of lithopone. The mobility of 
the silica is 0.165, which is considerably less than the mo­
bility of the same concentration of lithopone, 0.441. But 
the volume occupied by the two pigments is very different 
at the same weight concentration. We shall now therefore 
make the comparison at the same volume concentration. 
Assuming 2.30 as the density of the silica, the silica occupies 
42.7 per cent by volume. This volume percentage of litho­
pone corresponds to a 75.7 per cent pigment by weight. This 
paint would have a mobility of 0.12.as calculated by formula 
and a yield value of 194. The mobilities are now nearly the 
same, and the yield value of the silica is 50 per cent higher 
than that of the lithopone. This small difference can be 
accounted for in a variety of ways, and is surprisingly small.

F l u i d i t y  o f  M e d i u m

It has already been proved that temperature affects the 
mobility in the same ratio as it affects the fluidity of the me­
dium, and that it does not affect the yield value. This con­
clusion is so important and so inherently improbable that 
it seemed desirable to suspend the same pigment in two oils 
of widely different fluidity, for w7hich purpose blown linseed 
oil and lithopone have been used to compare with the litho­
pone paint in acid-refined linseed oil. A, 35 per cent paint 
gave a mobility which remained constant after 7 hours of 
grinding, so that four successive samples'gave the closely 
agreeing mobilities 0.0200, 0.0204, and 0.0198. The yield 
values read were also in good agreement, but the yield value 
is almost negligible, having an average value of 7 dynes per 
sq. cm. The 35 per cent of lithopone suspended in acid-re­
fined linseed oil studied by Bingham, Bruce, and Wolbach 
had a yield value of 7.7 and a mobility of 1.40. Therefore, the 
conclusion that the yield value is independent of the fluidity 
of the oil seems justified; but, whereas this statement is' 
probably true, there are factors which have not yet been con­
sidered which very greatly influence the yield value and there­
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fore complicate the case. Thus, linseed oil paint has been 
used to compare with a blown linseed oil paint on the gen­
eral assumption that they would be more nearly alike than 
would blown oil and mineral oil. But it is noted that 35 
per cent lithopone in mineral oil with 2 per cent oleic acid 
gave a yield value of 115 and in a mixture of mineral and lin­
seed oil a yield value of 40, although the fluidities of the three 
oils were not very different; hence, the chemical composition 
of the oil affects the yield value in a high degree. In the 
foregoing example equal volume compositions have been 
compared, but no new relationships are brought out.

The ratio between the mobilities of the acid-refined linseed 
oil paint and the blown linseed oil paint is 1.40:0.02 =  70, 
whereas the ratio between the fluidities of the oils is 2.42: 
0.048 =  50. The two numbers arc of the same order of mag­
nitude, but the mobility of the blown oil paint is less than one 
would expect, for which no explanation has yet been found.

P o l a r  C o l l o i d s  i n  S u s p e n s i o n  M e d i u m

Soaps are sometimes added to paints in order to give 
“false body.” , Just what they do is a matter of interest. 
The writers have experimented with zinc stearate and alumin­
ium stearate.

When aluminium stearate is heated in linseed oil, it ap­
parently dissolves but forms a stiff jelly or grease on cooling. 
The experiment was made of substituting part of the litho­
pone in a 55 per cent paint by weight with aluminium stearate 
up to nearly one per cent.

T a b l e  I I I — E f f e c t  o p  A d d in g  A l u m in iu m  S t e a r a t e  o n  t h e  P l a s t ic it y  of
a 55 P r r  c e n t  IyiTiiopoNE in  A c id -R e f in e d  L in s e e d  O il  P a in t

A lu m in iu m  S teara te  ---------------Y ield  V alue------------------ *
Per cen t M o b ility  O bserved C alcu lated

0  0 .7 8 8  (B ., B ., and W .) .6 1 .5 (B ., B ., an d  W .) 6 1 .5
0 .2 5  0 .6 7 9  250  2 4 9 .5
0 .6 5  0 .6 9 7  550  5 5 0 .3

The added material has produced a comparatively slight de­
crease in the mobility, but a very great increase in the yield 
value, which in the low concentrations is directly proportional 
to the concentrations. The last column in the table gives the 
values calculated by means of the linear formula 

/  =  752 n +  61.5

D e f l o c c u l a t i n g  A g e n t s  i n  S u s p e n s i o n  M e d i u m

The attempt was made to grind 30 per cent by weight of 
lithopone in pure mineral oil. In spite of the low concen­
tration of pigment, the grinding was very difficult, the paint 
being very pasty, and even after 48 hours of grinding meas­
urements of the plasticity were difficult to make. The 
mobility was not peculiar, being about 1.0, but the yield value 
was extremely high—approximately 1090. But on adding as 
littleas 0.2 per cent of oleic acid the yield value was reduced 
by 8.1 per cent, and 2.0 per cent reduced the yield value to a 
negligible quantity. During this extraordinary change in 
the yield value the mobility remained the same to within the 
experimental error.

It was proved by means of the microscope that the action 
of the oleic acid was one of deflocculation. It was also 
proved that the action was not due to the oleic acid acting as 
an electrolyte, for turpentine, which is a nonelectrolyte, 
has a very pronounced effect as a deflocculating agent, 1.5 
per cent of it  reducing the yield value to the extent of 92 
per cent, and 3.0 per cent to a negligible quantity.

Stearic acid thinned down a paint, evidently lowering the 
yield value, but difficulty was encountered in getting con­
sistent measurements. It would be worth while to prepare 
paints with a much higher yield value, in order to ascertain 
whether higher concentrations of the deflocculating agent

than are required to furnish a layer one molecule deep over 
the particles would be effective in lowering the yield value.

That a 50 per cent mixture of linseed oil with mineral oil 
gave a yield value in a 65 per cent paint by weight of 970 as 
compared with 128.9 in straight linseed oil, points to the 
conclusion that even 50 per cent of linseed oil is not suffi­
cient to completely disperse the pigment. The linseed oil 
had an acid number of O.SS.

M o i s t u r e

It is well known that moisture in a paint has important 
effects on its plasticity, but apparently no one has attempted 
to measure these effects quantitatively. Paint C, made up 
to contain 60 per cent by weight of air-dried lithopone in acid- 
refined linseed oil, was found to have a yield value of 90 and 
a mobility of 0.64 after 32 hours of grinding. On adding 0.5 
per cent of moisture and grinding in the ball mill, it was 
found that the yield value had risen to the extraordinary 
value of 3450 dynes per sq. cm. and the mobility had fallen 
to 0.142 absolute unit. In thus affecting both the yield value 
and the mobility, moisture seems to play a unique role most 
nearly'resembling the action of a polar colloid. A further 
study is planned to find out the effect on plasticity of both 
smaller and larger quantities of moisture, and to determine 
the mechanism of the phenomenon.

O x i d a t i o n  o r  P o l y m e r i z a t i o n

From experiments with lithopone in acid-refined linseed 
oil and in blown oil, it may be stated with some confidence 
that the yield value will not be altered except as the adhe­
sion between the oil and pigment is changed, but that the 
mobility will be' changed in direct proportion to the change 
in the fluidity of the medium.

In the grinding experiments it was observed that the 
mobility fell off with long continued grinding. It appears 
possible that there may be two counter effects—one due to the 
gradual wetting and • separation of the individual particles, 
and the other due to the oxidation or polymerization of the 
medium. The latter tendency would adequately explain 
the falling off of the mobility on long grinding while the yield 
value remains constant. It was thought that this could be 
best tested by carrying out the grinding in a more inert at­
mosphere, using nitrogen or carbon dioxide.

In Table I the plasticity of a 60 per cent lithopone paint 
in acid-refined linseed oil, ground in atmospheric air, has 
already been given, this being Paint C. In Table IV are 
given the data of Paints D and N, the first being ground in 
an atmosphere of carbon dioxide, and the second being 
ground in an atmosphere of nitrogen with 0.5 gram of 
anticatalyst. Otherwise, the three paints are intended to be 
identical.

In each ease the mobility at first increases, passes through 
a maximum, and then falls off more and more rapidly. The 
maximum occurs, after about 32 hours' grinding, the value of 
the maximum being 0.63 for Paint C, 0.64 for Paint D, and 
0.60 for Paint N. At the end of 64 hours the mobility 
of Paint C has fallen off probably 15 per cent, Paint D in 
carbon dioxide some 7 per cent, and Paint N  in nitrogen 
some 6 per cent. Thus, it does not appear that an inert 
atmosphere is able to prevent the change which causes the 
falling off in the mobility.

It may be that still other factors than oxidation and polym- 
merization will eventually have to come in for study. The 
writers suggest the possibility of moisture derived from the 
pigment or the atmosphere, solid material resulting from the 
wear of the mill, alkaline material derived from the mill, or 
chemical reaction between the pigment and some part of the 
oil.
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D i s s o l v e d  G a s e s

In the course of this work it was observed that carbon 
dioxide is very soluble in paint. The writers have evacuated 
cach paint before measurement so that they would be fully 
comparable. Assuming oxidation or polymerization to be 
the only change taking place on grinding, they expected the 
yield value to be the same in the three paints. They were 
therefore surprised to find the yield value quite different in 
the three paints—viz., 90 in Paint C, 280 in Paint D, and 200 
in Paint N. Sufficient work has not been done as yet to 
make it safe to hazard an explanation of this striking differ­
ence. In these experiments the materials were used in their 
air-dry condition, but in future experiments it will be desir­
able to regulate the moisture conditions much more carefully.

T e m p e r a t u r e

Work already done has made it appear that the increase 
in mobility with the temperature is in direct ratio to the 
increase in the fluidity of the medium. Naturally, this 
generalization is subject to limitations, since the adhesion 
may change with the temperature, colloids may pass from the 
gel to the sol condition as the temperature is raised, etc.

D i m e n s i o n s  o f  t h e  I n s t r u m e n t

All the measurements described in this paper were made 
on a given type of plastometer, for which changes in the 
length and radius of the capillary are without effect.

T a b l e  IV — C h a n g e  i n  P l a s t ic it y  d u r in g  t h e  P r o c e s s  o p  G r in d in g  a
P a in t

T im e of G rinding M o b ility  in  A b so lu te  Y ie ld  V alue in  D y n es
H ours U n its per S q . C m .

P a in t D , 60 per cent lithopone a nd  40  Per cent acid-refined  linseed  oil, 
d e n s ity  X  1 .742 , tem pera ture 2 5 °  C ., c a p illa ry  N o . 10 . G round in  an  

atm osphere o f  carbon d iox ide  
16 0 .6 1  340
24  0 .6 1  2S0
32  0 .6 3  280
49  0 .6 4  280
56 0 .6 2  270
64 0 .6 1  280

P a in t N ,  60 Per cent lithoPone a n d  40 per cent acid-refined lin seed  oil, 
d en s ity  X  1 .747 , tem pera ture 2 5 °  C ., cap illa ry  N o . 10 . G round in  an  

atm osphere o f  nitrogen
6 0 .5 1 310

22 0 .5 S 230
34 0 .5 9 210
40 0 .6 0 200
48 0 .5 7 150
52 0 .5 7 95
56 0 .5 5 100
70 0 .5 6 150
80 0 .5 3 110

C o n c l u s i o n s

1—As the grinding of a pigment in oil progresses, the 
yield value at first decreases but after 30 hours becomes con­
stant. The mobility under the same conditions at first in­
creases, passes through a maximum, and then decreases more 
and more rapidly. The maximum occurs after about 30 
hours in these experiments.

2—On measuring different concentrations of pigment 
suspended in oil, the yield value-weight concentration curve 
is found to be linear except at low concentrations, thus 
confirming the findings of Bingham, Bruce, and Wolbach. 
All concentrations exhibit a yield value. The concen­
tration of zero yield value is apparently independent of the 
nature of the medium.

The mobility-weight concentration curve is also linear and 
the concentration of zero mobility is apparently independent of 
the nature of the vehicle. The theory would lead one to ex­
pect that simpler relations would be found when using volume 
concentrations, but this is not the case, for which no expla­
nation has yet been given.

3—Silica and lithopone have very different plasticity at 
the same weight concentration. When they are compared 
at equivalent volume percentages, however, the mobilities

are nearly the same and the yield values are not very differ­
ent. This fact is the more striking since the particle size 
in the two pigments is so different.

4— Comparing blown oil with acid-refined linseed oil at 
the same concentration of pigment, the effect of the fluidity 
of the medium is shown. The mobility falls off in presumably 
the same ratio as the fluidities of the oil, but the yield value 
is independent of the fluidity of the oil.

5— Polar colloids—as, for example, aluminium stearate— 
have very slight influence on the mobility, but they have an 
extraordinary effect in raising the yield value.

6— It is difficult to grind a pigment into pure mineral oil 
having the same fluidity as linseed oil and it is still more diffi­
cult to make a satisfactory plasticity determination on the 
resulting suspension. However, 0.2 per cent of oleic acid 
deflocculates the suspension and lowers the yield value 
about 80 per ccnt, while the mobility remains unchanged.

7—Moisture exerts a prodigious effect on the plasticity of 
paint, 0.5 per cent of moisture raising the yield value from 
90 to 3450, and at the same time reducing the mobility to 
one-fourth of its former value.

8—Oxidation and polymerization affect the fluidity of 
an oil, so we should expect the mobility to be affected. It 
was thought that the fall in the mobility on long grinding 
might be attributable to one of these causes, but grinding 
in an atmosphere of nitrogen only prevented it, partially. 
A paint ground in an atmosphere of carbon dioxide has a 
yield value three times as high as when ground in the air.

A c k n o w l e d g m e n t

The m iters are indebted to the E. I. duPont de Nemours 
and Company for the generous assistance which has made 
this investigation possible.

Oxygen and Oxygenated Air in Metallurgical 
Processes

Revolutionary changes in the m etallurgy of iron, by which pro- 
duction costs should be m aterially decreased and quantities of low- 
grade ore and sm elting fuels now considered worthless be made 
available as the result of the use of oxygen and oxygenated air 
in blast furnace practice, are suggested in a  report recently made 
to  the Departm ent of the Interior by a'com m ittee appointed by  
the Bureau of M ines to  study the problem.

In the past it  has been necessary in the production of 1 ton  of 
pig iron to  pass 3 tons of inert nitrogen through the blast furnace, 
resulting in serious heat and m etal losses. T he elim ination of 
such losses by the substitution of oxygen, or a mixture of oxygen  
and air, has long been considered, but has not been put into 
practice on account of the inability to produce oxygen in quan­
tities a t sufficiently low cost to  m ake such application indus­
trially possible.

In view  of the m any recent developm ents in oxygen m anufac­
ture, and considering the increasing cost and decreasing quality 
of the nation’s raw materials, the Bureau of M ines appointed an 
advisory com m ittee, of which M . H. Roberts of N ew  York is 
chairman, to  study  the problem of the application of oxygen or 
oxygenated air to metallurgical and allied processes. This 
com m ittee has made a thorough survey of the existing processes 
for the manufacture of 99 per cent oxygen, and finds that the oxy­
gen industry is now able to  m ake plants for supplying large quan­
tities of oxygen to  metallurgical industries a t low  cost.

The data collected by this com m ittee indicate that the produc­
tion and utilization of cheap oxygen should, also accomplish 
great economies in the m etallurgy of zinc. I t  is believed that 
similar economies can be effected in the m etallurgy of copper, 
and in fact in all branches of nonferrous m etallurgy.

T he com m ittee has developed plans for experim entally de­
termining the effects of oxygen-enriched air upon the operation 
of the blast furnace, and it is recommended that these plans be 
put into effect as the first step of an extended research as to the  
general applicability of oxygen to m etallurgy. The knowledge 
that German industrial concerns are working actively on the  
application of oxygenated air to  metallurgical processes has 
greatly concerned American iron and steel interests, and th e  in­
dustry is making insistent demands for research work of this 
nature.
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Insoluble Phosphoric Acid in Acid Phosphates and Fertilizers1
Some Sources of Error in I ts  Determination

By W. R. Austin

T e n n e s s e e  C h e m ic a l  C o ., N a s h v il l e , T e n n .

T^HE purpose of this 
article is to empha­
size certain sources 

of discrepancies in the deter­
mination of insoluble P20s, 
particularly those arising 
from incomplete prelimi­
nary washing of the sample, 
and the relative effect of 
using various solutions of 
ammonium citrate solution.

The official method of 
the Association of Official 
Agricultural Chemists pre­
scribes: “Place 2 grams of the sample on a 9-cm. filter, wash 
with successive small portions of water, allowing each to 
pass through before adding more, until the filtrate measures 
about 250 cc. ***.” This precaution of washing the sample 
to 250 cc. has not been observed by some analysts, resulting 
in many cases in wide discrepancies.

In the case of one sample of acid phosphate made from 
Tennessee phosphate rock, on which considerable collabo­
rative analytical work was done, the importance of thorough 
preliminary washing was strongly emphasized. One group 
of analysts, accustomed largely to handling acid phosphate 
made from Florida rock, reported consistently about 0.75 per 
cent insoluble P20 5, while others, more familiar with acid 
phosphate made from Tennessee rock, found about 0.40 per 
cent insoluble. After a careful investigation, including 
exchange of samples of ammonium citrate, etc., it was devel­
oped that the trouble was entirely in the preliminary wash­
ing. Those who were in the habit of washing the sample 
at first with only three or four washings with water reported 
the highest results. After this investigation further deter­
minations were made on the same sample, with a close agree­
ment averaging, for ten analysts, 0.36 per cent, six of the 
number reporting 0.37 per cent. This w'ork led to the 
following:

S a m p le  A — A c id  phosphate, a fter d ifferen t periods o f  cu ring  m ade fro m  
T ennessee rock (jock con ta in ing  about 2 .4  per cent A h O i a n d  2 .7  per cent FeiOi)

/ P e r  c e n t  I n s o l u b l e  PaO* »
W ashed to  100 C c. W ashed to  250  C c.
(4 to  5 W ashings) (10 W ashings)

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

- A c id  phosphate, 6 m onths old, varied size o f  filte r  papers, also 
volum e o f w ater in  w a sh in g  (prior to  treatm ent w ith  a m m o n iu m  citrate)

V olum e o f W ashing , P e r  c e n t  I n s o l u b l e  PaO* *
C c. 11-C m . F ilter  9 -C m . F ilter
100 0 .3 0  0 .2 7
150 0 .2 5  0 .1 5
200  0 .1 5  0 .1 5
250  0 .1 5  0 .1 5

Sam ple tested  d irectly , no prelim inary w ash ing w ith  w ater— 0.30  per 
cen t in solub le.

Separate portions of Sample B were similarly washed, as 
above, and the Fe20 3 remaining in the washed residue deter­
mined.

1 P resen ted  before th e  D iv is ion  o f  F ertilizer  C hem istry  a t  th e  64th  
M e e tin g  o f th e  A m erican C hem ical S o c ie ty , P ittsb u rgh , P a ., S ep tem b er 4 to  
8 , 1922. R eceived  A u gu st 17, 1923.

It is important to observe the precaution of washing the sample 
With water up to the Volume of 250 cc. as prescribed in the official 
method, and also to select rapid  filtering funnels so that the Washing 
m ay be done in about 20 to 30 minutes.

There is an important relation between the FejOz and P 2Os re­
moved by thorough washing—as the percentage of Fe^Oj removed by 
washing is increased the percentage of insoluble PtOs decreases.

While the same care should be exercised in mailing the ammonium  
citrate exactly neutral, as prescribed by the official method, yet 
moderate differences in the ratio of ammonia to citric acid maf^e 
relatively little difference in the results for insoluble as compared to 
the importance of careful prelim inary washing.

U nw ashed  sam ple.

Per cen t 
FeaOi

A fter w ash ing to 100 cc ..
9 -cm . filter......... . . .  2 .3 0

A fter w ashing to iso * cc .,
11-cm . filter___ . . .  2 .3 0

A fter w ash ing to ‘20Ö* cc .,
9-cm . filter ___  2 .1 0

A fter w ash ing to 250 cc .,
9 -cm . f ilter .......... , . .  2 .0 5

Period of Curing

o }d*y10 
4 
6 

10 
12 
14

S a m p le  B-

vecks

Many analysts prefer the
11-cm. filter to avoid loss 
in washing wiien churning 
up the sample with the 
stream of water. There 
is apparently an advan­
tage, in the case of some 

samples, in using a 9-cm. filter, since a greater number of
washings is required to give the 250 cc. than when the 11-
cm. filter is used. In most cases, however, ten washings on a
11-cm. filter using about 25 cc. each time were sufficient.

It has been found with some samples that the percentage of 
insoluble after, washing to 250 cc. is quite appreciably low'er 
than when wTashing to 150 cc. There seems to be an impor­
tant relation between such results and the Fe20 3—the greater 
the number of washings the more Fe20 3 combined with P20 3 
is washed through resulting in lower results for insoluble.

Several samples of acid phosphate were next taken, washed 
to different volumes, and the percentage insoluble P20 s and 
Fe20 3 determined.

✓ P e r  c e n t  I n s o l u b l e  >.
100 Cc. 150 Cc. 200 C c. 250  Cc.

U n - (4 W ash- (6 W ash- (8 W ash- (10 W ash-  
w ashed ings) ings) ings) ings)

S a m p le  C — A c id  phosphate 1 day  old  ( Tennessee rock)
PaOs.............................................  2 .2 6  2 .1 9  2 .1 5  2 .0 5  1 .9 6
FeaOa in w ashed resid u e.. 2 .0 5  2 .0 0  2 .0 0  1 .9 0  1 .8 0
FetOj a fter citra te treat­

m en t................................................. 0 .4 0  0 .4 0  0 .4 0  0 .2 5
Sa m p le  D — A c id  phosphate, 8  m onths old  ( Tennessee rock)a

PaOe.............................................  0 .3 2  0 .2 9  0 .2 0  0 .1 4  0 .1 2
FeaOa in w ashed residu e.. 2 .1 0  2 .1 0  2 .0 0  1 .9 0  1 .8 3
FeaOa after citra te treat­

m e n t.......................................  0 .4 3  0 .4 0  0 .3 8  0 .3 5  0 .2 8
S a m p le  E — D ouble superphosphate {45 per cent available P iO t)a

PaOs....................................................... 2 .4 0  2 .2 5  . .  2 .1 4
FeaOj in  w ashed residu e.. . .  1 .5 0  1 .4 0  . .  1 .2 0

S a m p le  F — A c id  phosphate, 1 year old  (F lorida rock)
PaOfi....................................................... 0 .2 4  0 .1 8
FeaOj in w ashed residu e.. . .  1 .2 0  1 .1 0

S a m p le  C— A c id  phosphate, 1 week old (F lorida rock)
PaOs....................................................... 0 .5 5  0 .4 2

S a m p le  I I  
A verage results for in­
solub le Pa06 on eight 
sam ples of m ixed fertil­
izers, con tain in g acid  
p hosphate, nitrogen,
and p o ta sh ....................................  2 .0 3  1 .9 S  1 .9 0

a T h e results in  Sam ples D  and  E  are th e average reported  b y  ten  labora­
tories.

The importance of thorough washing of the sample with 
water prior to its treatment with ammonium citrate having 
been established, a series of tests wras made to determine the 
effect of different solutions of ammonium citrate. Just prior to 
tliis, however, two samples of acid phosphate had been sent to 
twelve laboratories together with some of a solution of neutral 
ammonium citrate, with the request to determine insoluble 
P2O5 using this citrate solution and also using their own. 
The average of the tw’elve tests on the ammonium citrate 
solution sent from this laboratory showed a ratio of ammonia

0 . 1 1
1.00

0 .3 S

1 .S 3



1038 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 15, No. 10

to citric acid of 1:3.759. The average results for insoluble 
from  the twelve laboratories follow:

-—•Pe r  c e n t  I n s o l u b l e —> 
M inim um  M axim um  A v. 

S a m p le  1— W ell-cured  acid phosphate
C itrate so lu tion: O ther lab oratories..........................  0 .0 8

A u th or’s la b o r a to r y ...................... 0 .0 0
S a m p le  J — 16 per cent acid phosphate

C itrate so lu tion s: O ther lab orator ies ........................... 0 . 7 3 ,
A u th or’s la b o r a to r y ......................  0 .7 4

0 .2 9
0 .2 9

0 .9 5
0 .9 5

0 .1 8

0.88

Nine laboratories reported results in close agreement on the 
first report, and after further work and observing the pre­
cautions of thorough preliminary washing, all agreed within

Similar tests were made on a mixture of equal parts of acid 
phosphate and bone meal, when the effect of adding ammonia 
or citric acid to a neutral solution of ammonium citrate was 
more marked.

It was found important, to select a long-stem (5 to 6 inches), 
60-degree funnel for the preliminary washing, and with a 
carefully fitted paper the washing up to 250 cc. may be done 
in 20 to 30 minutes. It was further noted that when this 
precaution is not observed and an hour or more is required 
for washing, the results for insoluble are generally higher. 
(Some analysts add a little.paper pulp or asbestos to increase 
rapidity of washing.)

P e r  c e n t  I n s o l u b l e

✓— U sing  N eu tra l C itrate—  
V olum e P relim inary W ashing
100 Cc. 150 Cc. 250 Cc.

1 .2 0 1 .1 2 1 .0 9

0 .3 0 0 .2 5 0 .2 5

0 .3 7 0 .3 0 0 .2 5

3 .7 7 3 .6 5 3 .6 1

0 .2 5

Sam ple K — M ixed  fertilizer, 2  : 10 : 1 0 .......................

Sam ple L — 16%  A cid  p hosp h ate from  Florida rock  

S am p le  M — A cid p hosp h ate from  T en n essee  rock

S am ple N — 16%  A cid  p h osp h ate  p lu s l i m e ..........

S am p le  0 — M ixture acid  p hosp h ate and  c o tto n ­
seed m e a l.............................................................................

0.05 per cent. It was found that the difference was not due to 
ammonium citrate solutions, since the laboratory reporting the 
lowest results, likewise the one reporting the highest results, 
found the same with both solutions.

Sample K  was then prepared and portions sent to ten 
laboratories. This was a sample of mixed fertilizer contain­
ing about 2 per cent NH 3, 10 per cent available P2O5, and 10 
per cent KjO. The results reported varied from 1.00 to 1.21 
per cent, averaging 1.08 per cent.

In order to determine the effect of using a neutral solution of 
ammonium citrate as compared with solutions containing 
excess ammonia and others containing excess citric acid, the 
foregoing tests (Samples K  to 0) were made.

U sing N eu trat C itrate P lus A m m onia or C itric A cid  (Prelim inary
W ashin g  250  C c.) C ontaining Kxcess A m m onia  

0 .5 %  1 .0 %  2 .5 %
or A cid  as Follow s  

5 .0 %  1 0 .0 %
N H 4O H 1.0 S 1 .1 0 1 .1 0 1 .11 1 .1 1
C itric acid 1 .0 8 1 .0 2 1 .0 0 0 .9 5 0 .9 5
N H «O H 0 .2 5 0 .2 5 0 .1 7 0 .1 6 0 .1 6
C itric acid 0 .2 3 0 .2 1 0 .2 0 0 .1 8 0 .1 6
NH <O H 0 .3 7 0 .2 7 0 .2 7 0 .2 8 0 .2 7
C itric acid 0 .2 5 0 .2 0 0 .1 5 0 .1 4 0 .1 2
N I M H 3 .6 2 3 .6 2 3 .6 7 3 .9 7 4 .1 2
C itric acid 3 .6 4 3 .5 9 3 .5 1 3 .4 4 3 .3 3
N H 4O H 0 .2 3 0 .2 5
C itric acid 0 .2 3 0 .2 1{

Many other determinations were made by using different 
grades of filter papers, varying the temperature of the wash 
water, diluting before precipitation, etc., but none of these 
changes affected the results appreciably, especially as com­
pared with the importance of thorough preliminary washing 
of the sample.

A c k n o w l e d g m e n t

The author wishes to hereby express his thanks to H. C. 
Moore for many suggestions offered in this work, to those 
who have made many collaborative determinations, and his 
assistant, L. C. Smith, who has made a large number of careful 
determinations in the work.

A n Improved Stopcock1
By P . H . K ollewyn

M a r t in e z , C a l ie .

'T 'H IS little article is written to introduce to chemical engi- 
* neers who have experienced trouble with leaking valves an 

improved stopcock which does not leak if properly handled. 
It has all the advantages of the regular stopcock, as easy 
adjustment, quick opening and closing, without the dis­
advantages of sticking and subsequent hammering or twist­
ing off of the square top of the stem.

This stopcock was invented2 as a result of trouble arising
from the frequent replace­
ments of valves in the acid 
lines of a California oil re­
finery. The first one was 
installed there in 1919 and is 
still in use. In Mexico this 
valve was used exclusively on 
all lines for corrosive liquids 
and also for steam and hot- 
oil lines.

The advantages of the 
double packed stopcock are:

E a s y  I n s t a l l a t i o n — After 
the house is installed in the line 
the plug is put in and the top  
flange (see Figs. 1 and 2  show­

,.Handie

ing the low- and high-pressure valves) is bolted 011 tightly, so 
tightly that the plug can hardly be moved. After this the bot­
tom  flange, which before installation was fastened snugly, is 
tightened, thus relieving the pressure on the plug which is taken  
up in the top and bottom  packing. The bottom  flange is 
tightened just enough to secure easy m ovem ent of the plug.

E a s y  H a n d l i n g — In case the valve "sticks,” due to wear, 
the top flange is slightly loosened and the bottom  flange tightened, 
thus securing a very quick repair w ithout danger of the operator 
breaking the stem  or the house, because no force is used as ham ­
mering or twisting. T his valve can be repaired w ithout inter­
fering w ith the operation.

E a s y  C l e a n i n g —The two openings on both sides of the house 
make an effective cleaning possible w ithout taking the valve out 
of the line.

R e p l a c e m e n t s  o k  P a r t s — If, after long service, the plug is 
worn out too far, it can be easily replaced by an oversize or new  
plug, which means a 
considerable cut in costs Top G/and-,^ 
because the housing

F ig . 1

1 R eceived  M ay  2 , 1923.
> U . S , P a ten t 1 ,370,745 (M arch  7, 1921).

remains in the lineV 
The high pressure valve  
is very well adapted for 
a boiier blowoff valve. 
It carries an extra safe­
ty  flange on top and if 
fitted w ith a diamond  
boring it complies w ith  
the government speci­
fications, as it  cannot 
be opened at once to  
its full extent because 
the plug and the house 
have to  warm up slowly 
to  the sam e tempera­
ture before the plug 
can be turned easily.

Space for 
■Packing

Space fo r/ 
Packing 'Boliom Gland

Fio. 2
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Chemical, Physical, and Biological Properties of Bordeaux 
Mixtures1

By O. Butler

N e w  H a m p s h ir e  A g r ic u l t u r a l  E x p e r im e n t  S t a t io n , D u r h a m , N . H .

L O N G  before the 
downy mildew of the 
grape was known in 

Europe the grape growers 
would, as soon as the fruit 
began to mature, daub upon 
the vines bordering the 
highways and byways a 
mixture composed of milk 
of lime and copper sulfate, 
the object being to prevent 
pilfering. The downy mil­
dew appeared in the Gir­
onde in 1881 and Millardet1 
noticed, in the course of 
perambulations in the envi­
rons of Bordeaux in 1882, 
that the mixture the vine- 
yardists were in the habit of daubing upon their grape 
vines with a small fagot broom distinctly preserved the 
treated plants from the ravages of the disease. The im­
portance of this fact did not escape him. Millardet im­
mediately began experimenting, and on April 1, 1885, re­
ported the results of his experiments. The mixture he used 
had the composition2

C opper su lfa te  5 .7 1  parts  
Q uicklim e 10 .7 1  parts
W ater to  m ak e 100 parts

and was therefore thick and heavy and not suited for use in 
sprayers. The formula necessarily needed modification 
and the Bordeaux mixture proposed in 1885 was soon re­
placed by more fluid washes, the most radical change in­
troduced being in the amount of quicklime used. The ratio 
of cupric sulfate to quicklime, which in the original wash was 
1:1.87, was changed by Millardet and Gayon3 in 1887 to 
1:0.3. These authors proposed for use in general practice 
a Bordeaux mixture of this composition containing 3 per 
cent cupric sulfate, and for trial similar mixtures containing 
2 per cent and 1 per cent cupric sulfate, respectively. Fur­
ther modifications of the original formula were introduced 
from time to time by various authors, and before the close 
of the 19th century there were recognized in the literature 
three types of Bordeaux mixture—acid Bordeaux mixture, 
neutral Bordeaux mixture, and alkaline Bordeaux mixture.

Acid Bordeaux mixture is, strictly speaking, a wash so 
made as to contain a small amount of soluble copper and 
give a faint acid reaction. In practice, however, the mix­
ture is usually made by adding milk of lime to a solution 
of cupric sulfate until an alkaline reaction is obtained, when 
a small amount of cupric sulfate is added, 0.1 per cent in 
the case of a 1 per cent Bordeaux mixture, and 0.2 per cent 
in the case of a 2 per cent Bordeaux mixture. Obviously, 
as usually prepared, acid Bordeaux mixture will not give 
an acid reaction, or contain soluble copper.

1 P resented  before th e  D iv ision  o f A gricultural and F ood  C hem istry  
at th e 65th  M eetin g  o f th e  A m erican C hem ical S oc ie ty , N ew  H aven , C onn., 
April 2 to  7, 1923.

* T h e  num bers in th e te x t  refer to  th e b ib liography a t  th e  end  o f the  
article .

Neutral Bordeaux mix­
ture is made by adding 
milk of lime to a solution 
of cupric sulfate until no 
soluble copper can be de­
tected by means of potas­
sium ferrocyanide,4 or, more 
commonly, by adding milk 
of lime until an alkaline re­
action is obtained. A Bor­
deaux mixture in which 
the ratio of cupric sulfate 
to quicklime is 1:0.3 falls 
in this group.

Alkaline Bordeaux mix­
ture is a wash containing 
cupric sulfate to quicklime 
in a ratio of not less than 

1:0.5, though mixtures containing a ratio 1:3 and 1:5 have 
been recently introduced.6 The alkaline Bordeaux mixture 
most commonly used in the United States is a wash contain­
ing cupric sulfate and quicklime in equal amounts.

The ratio cupric sulfate to quicklime used in preparing a 
Bordeaux mixture has an important effect on the chemical, 
physical, and biological properties of the wash—is, in fact, 
of more importance than is commonly supposed.

C h e m i s t r y  o p  B o r d e a u x  M i x t u r e s

According to Millardet and Gayon,6 Chester,7 Fairchild,8 
and the majority of writers on the subject, the reaction that 
takes place when cupric sulfate and milk of lime or lime- 
water are brought together results in the formation of cupric 
hydroxide and calcium sulfate, calcium hydrate being also 
present when the limewater or milk of lime is used in 
excess. Millardet and Gayon3 did, however, observe that 
cupric sulfate and calcium oxide would combine in the ratio 
of 1:0.179, which is very nearly the ratio required for the 
formation of the basic sulfate 5C u0.S03; and Fairchild ex­
pressed the opinion that basic sulfates are at first formed 
when milk of lime is slowly added to a solution of cupric 
sulfate.

Sostegni9 studied the reactions involved in the preparation 
of Bordeaux mixture, and concluded that the copper pre­
cipitate was composed of cupric hydrate, basic cupric sul­
fate, and a double sulfate of lime and copper.

Vermorel and Dantony10 state that the copper is precip­
itated in acid Bordeaux mixtures as basic sulfates, but that 
in alkaline washes cupric hydrate is almost exclusively formed 
when the milk is poured quickly into a solution of cupric 
sulfate and basic sulfates where it is added very slowly.

The most comprehensive study of Bordeaux mixture has 
been made by Pickering. According to this author11 the 
following distinct basic salts may be formed when cupric 
sulfate is precipitated by calcium hydrate in the form of 
limewater: 4CuO.SOs; 5CuO.SOs; 10CuO.SO3; lOCuO.- 
S 0 3.3Ca0.

These Cu0.3Ca0 basic sulfates, omitting CuO,3CaO, which 
is of no particular interest to the student of Bordeaux mixture, 
are formed when cupric sulfate and calcium hydrate are com­

In this paper it is shown that in practice three types of Bordeaux 
mixture are recognized—acid, neutral, and alkaline washes. The 
methods of preparation and chemical properties of these mixtures 
are briefly described and it is pointed out that as the lime content 
in a  mixture is increased the shading action of the wash becomes 
more obvious and its adhesiveness increased until the ratio of cupric 
sulfate to calcium oxide exceeds 1:0.5 when it begins to fa ll. It 
is also shown that the rate of settlement of a Bordeaux mixture, 
on which much emphasis has been placed, is not in any sense a 
measure of adhesiveness. From the facts presented it could also 
be concluded that i f  the shadow cast by an alkaline Bordeaux m ix­
ture was injurious then a  neutral mixture could be substituted 
and this depressing effect removed. I t is also briefly pointed out 
that when Bordeaux mixtures are injurious at the time of appli­
cation the injury produced depends both on the composition of the 
wash and the specific sensitivity of the organ sprayed.
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bined in the proper proportions to give the following ratios 
of cupric sulfate to calcic oxide: 4C u0.S03, 1: 0.166; 5CuO.- 
S 0 3, 1:0.181; 10CuO.SO3, 1:0.2; 10CuO.SO3.CaO, 1:0.269. 
The basic sulfates 4C u0.S03 and 5C u0.S03 are somewhat 
soluble in the mother liquor, the former to the extent of 1 part 
in 40,000, the latter to the extent of 1 to 2 parts per million. 
The other basic salts, however, are quite-insoluble in the 
mother liquor, though, beginning with 10CuO.SO3, they 
dissolve with increasing readiness in saccharose.

When the basic sulfates are boiled, 10CuO.SO3 decomposes 
with formation of cupric oxide, but the other basic salts are 
not affectcd. None of the basic salts crystallize with age.

In practice the only basic sulfates that can be found in 
Bordeaux mixtures are 5C u0.S03, 10CuO.SO3, and 10 CuO.- 
S 0 3, 3CaO either alone or mixed, according to Pickering, 
with a more highly basic salt the composition of which has 
not been determined, 4C u0.S03 does not occur, since even 
in acid Bordeaux mixtures the ratio of cupric sulfate to quick­
lime will always be such that the lowest basic sulfate that 
could be formed would be 5CuO.SOj.

In neutral Bordeaux mixtures cupric oxide gradually forms 
on standing, but does not appear in mixtures in which the 
ratio of cupric sulfate to calcium oxide lies between 1:0.25 
and 1:1. When, however, mixtures of these latter types are 
boiled, cupric oxide may or may not form, its appearance 
depending on the percentage strength in cupric sulfate of 
the mixture, as a study of Table I will show.12

T a b l e  I — E f f e c t  o p  B o il in g  o n  t h e  D e v e l o p m e n t  o f  C u p r ic  O x id e  
in  B o r d e a u x  M ix t u r e s

S tren g th  of M ixture R atio
P er cen t C uSO cC aO C upric O xide

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

■ 2 1 : 0 .2 5  ! Form ed
1 1 : 1 .0 0  (
1 1 : 0 .5 0
1 1 :0 .2 5 1
0 .5 1 : 1 .0 0  ) N o t form ed
0 .5 1 : 0 . 5 0 J
0 .5 1 :0 .2 5 F orm ed
0 .2 5 1 : 1 .0 0  ) 

1 : 1 . 0 0 j
N o t  form ed

0 .1 2 5

These data show that as soon as there is sufficient calcium 
hydrate in solution to give, on combining with the cupric 
sulfate, the basic sulfate 10CuO.SO3.3CaO or 10CuO.SO3.- 
3CaO admixed with higher basic salts, no cupric oxide forms 
on boiling the mixture.

When first prepared the Bordeaux mixtures encountered 
in practice form gelatinous precipitates, which are not usually 
stable and change more or less profoundly, depending on the 
temperature, the percentage strength in cupric sulfate, 
and the ratio cupric sulfate to calcium oxide used. In acid 
and neutral Bordeaux mixtures cupric oxide gradually 
forms and the precipitate becomes granular; in alkaline 
Bordeaux mixtures the gelatinous precipitate is usually re­
placed by spherocrystals. If one prepares a series of Bor­
deaux mixtures containing 0.125, 0.25, 0.50, 1, 2, 4, and 6 
per cent cupric sulfate, in which the ratio of cupric sulfate 
to calcium oxide is 1 :1, he will find that spherocrystals will 
appear in all the mixtures except the 0.125 per cent wash. 
Bordeaux mixtures in which the ratio of cupric sulfate to 
calcium oxide is 1:0.5 behave similarly to 1:1 mixtures. 
The 0.125 per cent mixture shows little or no change with 
age, while in the stronger mixtures blue spherocrystals, ap­
parently similar to those occurring in the 1:1 mixtures, 
appear, but more slowly than in washes of the latter type. 
It was found that in alkaline Bordeaux mixture cupric oxide 
did not always form when the wash was boiled. There is 
no relation between the formation of cupric oxide and the 
development of spherocrystals on standing. It would ap­
pear that in Bordeaux mixtures the copper salt at first 
formed is not stable. In acid and neutral washes it changes 
gradually to cupric oxide; in the alkaline washes the change

is to the formation of spherocrystals irrespective of the 
reaction given by the copper salt when the mixture is first 
made. These differences are due to the limited solubility 
of calcium hydrate. In strong Bordeaux mixtures the copper 
is precipitated in the same form, but if the calcium hydrate 
in the form of milk of lime is used in large excess the reaction 
will continue until equilibrium is reached.

The crystallization of Bordeaux mixtures may be pre­
vented by the use of a small amount of saccharose. Kel- 
hofer,13 who first proposed the use of saccharose for this 
purpose, states that the amount required is determined by 
the ratio cupric sulfate to calcium oxide used. For a 1 per 
cent Bordeaux mixture 1:1 the amount required for 50 gallons 
is 2 ounces. Alkaline Bordeaux mixtures containing small 
amounts of saccharose remain gelatinous for a number of 
months, but eventually cuprous and cupric oxides form.

A d h e s i v e n e s s  o f  B o r d e a u x  M i x t u r e s

The adhesiveness of Bordeaux mixtures has been studied, 
by several investigators,14 and the subject is one of con­
siderable practical importance.

Acid Bordeaux mixtures are less adhesive than neutral 
washes, and very alkaline washes are not as adhesive as 
mixtures in which the ratio of cupric sulfate to quicklime 
is 1 :0 .5 . From the standpoint of adhesiveness there is no 
reason for increasing the lime content of a Bordeaux mix­
ture beyond the amount required to give the ratio 1 :0 .5 . 
The adhesiveness of a strictly neutral Bordeaux mixture 
prepared from limewater—that is, a mixture in which the 
ratio of cupric sulfate to calcium oxide is 1 :0.2—is extremely 
poor since it is very highly gelatinous, so gelatinous that 
when it dries on a leaf the rate of drying of the surface ex­
posed to the air is so much faster than that of the layer in 
contact with the leaf, that the tension produced causes the 
edges to curl to such an extent that the greater part of the 
mixture flakes off. A strictly neutral Bordeaux mixture is 
not serviceable in practice. In fact, it is rather doubtful 
whether any benefit is to be derived from using extremely 
gelatinous mixtures. What is needed is copper in a very 
fine state of division. For instance, if we study the rate of 
settlement of a 1 per cent Bordeaux mixture 1:1 made with 
water at 10° C., a very gelatinous mixture, with a similar 
mixture made with water at 3 0 °  C., a wash in which the cop­
per is precipitated partly in granular form, we will find marked 
differences in their rates of settlement but no difference in 
their adhesiveness to Coleus leaves.

T a b l e  I I — E f f e c t  o f  T e m p e r a t u r e  o f  W a t e r  U s e d  o n  t h e  R a t e  o f  
S e t t l e m e n t  a n d  A d h e s iv e n e s s  o p  1 P e r  c e n t  B o r d e a u x  M ix t u r e  1 :1

M ix t u r e  M a d e    R e la tiv e  N um b ers s A dh esiveness
w it h  H r. 1 Hr. 2  H rs. 10 =  perfect

W ater a t  10° C . 6 .5  2 2 .5  6 6 .0  7 .1
W ater a t  3 0 °  C. 1 0 0 .0  2 5 0 .0  4 4 5 .0  7 .1

It has generally been assumed that the adhesiveness of 
a Bordeaux mixture was greater in slowly than in rapidly 
settling mixtures and better in freshly made than in mixtures 
that had been prepared for some time. The data in Table 
II show that too much importance should not be attached to 
the method of mixing, but, on the other hand, the opinion 
that a freshly made mixture is more adhesive than one that 
has been allowed to stand would seem to be sound in the 
case of Bordeaux mixtures that crystallize. The data in 
Table III show that a Bordeaux mixture in which the copper 
precipitate has assumed the crystalline form is much less 
adhesive than a freshly made wash.

T a b l e  I I I — R e l a t iv e  A d h e s iv e n e s s  o f  1 P e r  c e n t  B o r d e a u x  M ix t u r e  
1 :1  F r e s h l y  M a d e  an d  D e t e r io r a t e d 14

A dh esiveness, 10 =  perfect  
C opper p rec ip ita te gela tin ous 6 .7
C opper p rec ip ita te crysta llin e  4 .7
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B i o l o g i c a l  P r o p e r t i e s

P h y s i c a l  E f f e c t s —Bordeaux mixtures are, as a simple 
inspection of the dried washes would show, unequally trans­
parent, the opacity increasing as the ratio of cupric sulfate 
to calcium oxide approaches unity. One would therefore 
expect that a plant sprayed with a neutral wash would re­
spond somewhat differently than a plant sprayed with an 
alkaline mixture, and, effectively, as the data in Table IV  
show, we find that the sprayed plant develops normally 
on the one hand and slightly abnormally on the other.
T a b l iî IV — E f f e c t  o f  S p r a y in g  w it h  B o r d e a u x  M ix t u r e  a n d  M il k  
o f  L im e  o n  D ry  M a t t e r  F o r m ed  an d  T r a n s p ir a t io n  p e r  G r a m  D ry  

M a t t e r 16
T ranspiration  per Gram

, D ry  W eight s ,------------ D ry  M a t t e r   s
Sprayed  w ith  Sprayed w ith  Bor-

Bordeaux M ixture N o t  deaux M ixture N o t  
1 :1  1: A lkaline Sprayed  1 :1  1: A lkaline Sprayed

Va r ie t y  U se d  G. G . G . G . G . G .
R adish  E arly  0 .7 4  0 .9 5  0 .6 6  2 7 .8 0  2 5 .2 0  2 4 .2 0

S ca r le t  G lobe 1 .9 7  2 .3 3  2 .7 4  3 7 .5 0  2 7 .6 0  3 0 .6 0
2 .6 7  3 .1 0  2 .9 2  4 0 .7 3  3 2 .3 9  3 4 .8 4

A v e r a g e . . .  1 .7 9  2 .1 2  2 .1 0  3 5 .3 4  2 8 .3 9  2 9 .8 8
T o m a to  B on n y  2 .4 2  3 .1 8  2 .9 5  1 9 .7 0  9 .7 7  9 .9 5

B est 7 .5 9  8 .4 7  8 .4 3  2 3 .8 2  2 1 .8 3  2 2 .0 6
A v e r a g e . . .  5 .0 0  5 .8 2  5 .6 9  2 1 .7 6  1 5 .8 0  1 6 .0 0

B ean D w arf 3 .2 S  3 .4 1  3 .6 8  2 0 .2 0  1 8 .2 0  1 8 .7 0
H orticu ltu ral 3 .6 0  4 .7 6  5 .3 8  6 .5 2  4 .9 7  4 .7 8

A v e r a g e . . . 3 .4 4  4 .0 8  4 .5 3  1 3 .6 6  1 1 .5 8  1 1 .7 4

The literature is not in agreement in regard to the effect 
of Bordeaux mixtures on the rate of transpiration of sprayed 
plants, though the weight of the evidence indicates increased 
transpiration.15 It has been observed by Daggar and 
Bonns16 that spraying with Bordeaux mixture increases 
transpiration especially at night. The writer has observed 
that increased transpiration is noticeable especially under 
conditions favorable for radiation and that Bordeaux mix­
tures are opaque to the infra-red. We would therefore 
expect, other things being equal, sprayed plants to transpire 
more actively at night than nonsprayed plants. However, 
it should be noted that increased transpiration of sprayed 
plants at night does not of itself account for the effect of 
Bordeaux mixtures, because all Bordeaux mixtures cause 
increased transpiration to some degree but they do not all 
affect plants in a similar manner. The response of sprayed 
plants is to be attributed to difference in translucency of the 
mixtures to the solar spectrum. Schrander17 wras the first 
to advance the view that the action of Bordeaux mixture 
on plants was one of shade. Bordeaux mixtures, however, 
while not equally opaque to luminous radiations, do not showr 
inter se quite so marked differences as the behavior of the 
sprayed plants indicates that they should. The response 
obtained is not due to shade, using the term in its ordinary 
acceptance, but to different degrees of athermancy of the 
washes to the spectrum. When the spectrum as a whole is 
considered 1 per cent, alkaline Bordeaux mixture is much 
more opaque than neutral Bordeaux mixture, and there is 
concordance between the physical properties of the washes 
and the response of plants sprayed with them.

C h e m i c a l  E f f e c t s —When we study the response of 
sprayed plants to the chemical action of Bordeaux mixtures 
we find rather a complex situation—we have to consider 
the effect of the mixture at the time of application, and the 
effect of the mixture after it has dried. The effect of Bor­
deaux mixtures after they have dried seems to be due en­
tirely to. the sensitiveness of the plant to soluble copper. 
The action of Bordeaux mixtures at the time of their appli­
cation depends, on the other hand, on the type of mixture 
used, on the kind and variety of plant sprayed, and on the 
nature and age of the organ sprayed. In the grape, when 
Bordeaux mixtures are injurious it will be found that 
alkaline washes are more injurious than neutral mixtures, 
aùd that it is the young leaves that are damaged. In

the peach, alkaline washes are more injurious to youug 
than to old leaves, and neutral mixtures more injurious 
to old than young leaves. But, unlike the grape, the 
peach is sensitive to soluble copper and eventually the 
differences in behavior of the foliage following spraying 
are masked by copper injury. In the tomato, alkaline 
washes are more injurious than neutral Bordeaux mix­
tures, the injury due to alkalinity being noticeable on 
the young leaves. In the apple, neutral and alkaline Bor­
deaux mixtures of the usual types are injurious. The de­
gree of alkalinity of the wash seems to have little or no in­
fluence on the intensity of the injury produced. However, 
the apple is somewhat sensitive to soluble copper and the 
fruit much more so than the foliage. In fact, the apple is 
so sensitive to soluble copper after the blossoms have fallen 
that Sanders and Brittain introduced Bordeaux mixtures 
in which the ratio of cupric sulfate to calcium oxide is 1 :3 
and 1:5 in order to reduce injury. Bordeaux mixtures of 
this type can be used on the apple very successfully, and cause 
very little if any injury. The reduction in the amount of 
the injury produced is not brought about, however, by any 
change in the nature of the copper precipitate formed, but 
by the fact that such a large excess of lime both delays and 
impedes carbonation and consequently the dissolution of the 
copper in meteoric water.
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Cellophane Plant under Construction
Cellophane, a transparent, cellulose product, used largely in 

millinery for decoration and in other trades for wrapping pur­
poses, is to  be manufactured by the du Pont Cellophane Co., 
a subsidiary of the E. I. du Pont de Nem ours & Company. A 
plant to cost approximately $2 ,0 0 0 ,0 0 0  is now being constructed  
on the Niagara River at Buffalo, N . Y . This will be the first 
plant to manufacture this product in the United States. Cello­
phane has been produced in France for the past several years 
and its use is extending for wrapping purposes for confectionery, 
biscuits, cakes, tea, coffee, cocoa, m eat products, and, in fact, 
for nearly all articles of food, as well as for perfumery, soap, 
various toilet preparations, pharmaceutical products, and others.

I t  is an important addition to  the list of cellulose products 
produced by chem ists for commercial uses during the last several 
years. I t  is nongelatinous, will not m elt in boiling water, or 
decay. I t  is described as entirely harmless, water- and grease­
proof, odorless, and can be dyed in any shade, printed or em­
bossed, making it  especially attractive as millinery decoration. 
I t  is manufactured in either sheets or rolls.

The du Pont Cellophane Company has obtained the patent 
rights for N orth America and pending the com pletion of its 
factory at Buffalo will be the selling agents in this country for 
the product. The com pany is now importing it. I t  is expected 
that the new factory will be completed in M ay or June of next 
year.
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Analysis of Triphenylmethane and Azo Dyes by 
Titanous Chloride1

By W. S. Calcott and F. L. English

E . I . d u  .P o n t  d e  N e m o u r s  & C o., W il m in g t o n , D e l .

Al t h o u g h  the ap­
plication of titanous 
chloride to the anal­

ysis of dyes was intro­
duced by Knecht and Hib- 
bert about twenty years 
ago,2 little seems to have

The iilanous chloride titration has been applied  in the determi­
nation of strength of commercial dyes of the triphenylmethane and  
azo classes, satisfactory results having been obtained in the routine 
analysis of about thirty representatives of the form er and over a 
hundred of the latter. The method gives results accurate to about 
0.5 per cent.

been done in the commer­
cial application of the method, in this country at least, until 
the last few years. This seems to be attributable chiefly to 
the long-standing prejudice, on the part of both dye man­
ufacturers and consumers, against any form of chemical anal­
ysis of dyes, upon the ground that the only criterion of the 
value of a dye is the dye test. While this is undoubtedly 
true so far as shade, fastness to light and washing, bright­
ness, etc., are concerned, sufficient data are now available to 
prove the superiority of the chemical method in the estima­
tion of strength. In the standardization of dyes for the 
trade, the titanous chloride titration has therefore supple­
mented rather than superseded the dye test.

Perhaps an even greater service is rendered as a guide and 
control in the manufacturing processes. The lack of a rapid 
and accurate method for determining the purity of dyes has 
been a source of embarrassment in the synthetic work in 
both laboratory and plant. Heretofore, the dye test has 
been the basis for the estimation of yields, but this method 
alone is unsatisfactory for the purpose, not only because of 
the large variations frequently encountered between duplicate 
determinations upon the same sample, but also because the 
results must be expressed in terms of some arbitrary standard, 
the composition of which is usually unknown. The results 
of the titanous chloride titration, on the other hand, may 
be calculated upon the basis of either absolute purity or the 
standard dye, as desired.

The determination of elemental constituents of the dye 
molecule, nitrogen, sulfur, etc., has been used to a slight ex­
tent, but little confidence can be placed in the results, since 
the impurities in the sample usually contain the element 
sought.

P r e p a r a t i o n  a n d  S t a n d a r d i z a t i o n  o f . S o l u t i o n s

For all dye titrations a 0.05 N  titanous chloride solution 
was used, the method of preparation, storage, and use having 
been previously described in detail.3 Standardization was 
accomplished by means of Metanil Yellow purified as de­
scribed later under the analysis of that compound. The 
procedure consisted in dissolving about 0.20 gram of the dye 
in 50 cc. of water and 50 cc. of 25 per cent sodium tartrate 
solution, boiling to expel air, and titrating the hot solution 
to a colorless end point in an atmosphere of carbon dioxide. 
Triplicate titrations should agree within 0.2 per cent in the 
normality factor.

1 P resented  before th e  D iv is ion  o f D y e  C hem istry  a t  th e  65 th  M eetin g  
of th e  A m erican C hem ical S oc ie ty , N ew  H aven , C onn., April 2  to  7 , 1923.

* B er„  3 6 , 166, 1549 (1903); 38 , 3318 (1905); 40 , 3819 (1907); “ N ew  
R ed uction  M eth od s in  V olu m etric  A n a lysis ,’* L ongm ans, G reen & C o., 1910, 
reprinted w ith  ad dition s in  1918.

* T h is  J o u r n a l , 12, 994 (1920).

T r i p h e n y l m e t h a n e  D y e s

Three representatives of 
this class, Pontacyl Green 
S, Crystal Violet and Vic­
toria Green, were studied, 
their titration presenting 
no difficulty.

HO____  S

'< 3

=N (C H !)r-

-N (C H i) ,

S O iN a

SO 3-

: 0  

K >
C N (C H j)2

\  / (CH*  
X  X \ c i

P o n ta c y l  G r e e n  S C r y s t a l  V io l e t

20 

\

<~>
< _ >
o

N  (CHa)a.3HiCi04

= N ( C H i ) »

V ic t o r ia  G r e b n

The reaction consists in the reduction of the dye to its 
leuco base with the consumption of two atoms of hydrogen, 
the analytical procedure being as follows:

Dissolve the sam ple (equivalent to 30 to  50 cc. of 0.05 N  
titanous chloride) in  a mixture of 50 cc. of water and 50 cc. of 
alcohol4 in a 300-ce. Erlenmeyer flask. Add 50 cc. of 25 per cent 
sodium tartrate solution, boil 3 to 5 minutes, adm it a rapid 
stream of carbon dioxide, and titrate the hot solution w ith 0.05 
N  titanous chloride to the last distinct color change, passing car­
bon dioxide throughout the titration. W ith average dye samples 
the end points arc sharp, being determinable w ithin two to four 
drops of titanous chloride.

The samples upon which the experimental work was done 
were purified by repeated crystallizations from water and 
alcohol, the purity of the final product being checked by 
nitrogen, sulfur, or chlorine determinations.

Wide variations were made in the conditions of the analysis, 
the results obtained upon Pontacyl Green S, set forth in 
the following tables, being typical of the other dyes studied 
and proving the titration to be independent of reasonable 
variations in procedure.

T a b l e  I — E f f e c t  o f  C o n c e n t r a t io n  o f  S o d iu m  T a r t r a t e  
(A ssay  == 0 .3049  gram , 1 cc . T iC ls  =  0 .01219 gram  d ye)

N o .
25%  Sodium  

Cc.
T artrate TiC ls  

Cc.
P u rity

%
1 5 N o  end p o in t
2 10 A bou t 25
3 18 2 4 .0 5 9 6 ’.2 0
4 20 2 4 .0 8 9 6 .3 2
5 25 2 4 .0 5 9 6 .2 0
6 50 2 4 .1 0 9 6 .4 0

In these experiments, one-half the proper size sample was 
used because of the small amount of purified material avail­
able. In Nos. 1 and 2, the color of the solution at the end

* A lcohol d enatured  w ith  b enzene is  sa tisfactory .
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of the titration was red and the end point indistinct. The 
fact that 18 cc. of the 25 per cent tartrate (Na2C4H406.2H20) 
are equivalent to the free hydrochloric acid in 25 cc. of the 
titanous chloride solution indicates that free .mineral acid 
is detrimental, but in addition to this buffer action the tar­
trate has a specific effect since titrations in the presence of 
an equivalent amount of sodium acetate were unsuccessful.

T a b l e  II— E f f e c t  ok T e m p e r a t u r e  o f  T it r a t io n  
(A ssay =  0 .3049 gram , I cc. T iC ls =  0 .01219 gram  dye)

T em p . TiCls Pu rity
N o . ° C. Cc. %

1 50 2 4 .0 6 9 6 .2 4
2 60 2 4 .0 3 9 6 .1 2
3 70 2 4 .0 7 9 6 .2 8
4 B oilin g 2 4 .0 5 9 6 .2 0

The temperature of titration is thus seen to have no appre­
ciable effect upon the reaction.

T a b l e  I I I — E f f e c t  o f  V a r ia t io n  in  A l c o h o l  
(A ssa y  =  0 .3049 g ram , 1 cc . T iC ls =  0 .01219  g ra m  d y e )

A lcohol TiCls P u rity
N o . Cc. Cc. %

1 2 3 .8 1 9 5 .2 4
2 15 2 3 .9 3 9 5 .7 2
3 25 2 4 .1 2 9 6 .4 8
4 50 2 4 .1 0 9 6 .4 0

In Nos. 1 and 2 the sample was not in complete solution. 
The concordant results of Nos. 3 and 4 indicate that alcohol, 
in excess of a certain necessary minimum, has no effect.

The following analyses were made upon material that had 
been crystallized three times:

T a b l e  IV — A n a l y sis  o f  P u r e  P on ta cy l  G r e e n  S  
(A ssay  «** 0 .0097 g ram , 1 cc . T iC h  ■* 0 .01219 g ra m  dy e)

TiCls P u rity
N o . Cc. %

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

A verage 9 9 .8 5

Crystal Violet behaved in all respects like Pontacyl Green 
S, but in the analysis of Victoria Green a little difficulty was 
encountered due to the variable composition of the dye sam­
ples. The formula for this dye given in the standard ref­
erence books shows the commercial article to contain two 
mols of dye base to three of oxalic acid, which would give 
an oxalic acid content of 29.1 per cent. When, however, 
pure material was prepared by repeatedly recrystallizing 
from 1 per cent aqueous oxalic acid solution and drying to 
constant weight in vacuo at 40° C., the product, when an­
alyzed by the procedure found satisfactory for Pontacyl 
Green S, gave results varying from 103.2 to 104.4 per cent, 
calculated on the basis of the preceding formula. These 
high results cast suspicion upon the oxalic acid content, 
to confirm which oxalic acid determinations were made 
through the gravimetric calcium oxalate procedure. These 
showed the oxalic content of different samples to be quite 
variable, results between 23.0 and 26.3 per cent oxalic acid 
being obtained; the lower values were yielded by the samples 
crystallized from water and the higher by those from dilute 
oxalic acid. When this indefiniteness of constitution was 
taken into consideration, satisfactory analyses were obtained 
by the titration method, as indicated by the results set forth 
below, obtained upon samples crystallized from dilute oxalic 
acid.

T a b l e  V — C o m p l e t e  A n a l y sis  o f  V ic t o r ia  G r e e n  S a m pl e s

S am ple A  Sam ple B
C o n s t it u e n t  D e t e r m in e d  %  %

D y e  b y  TiCla (calcd . w ith ou t H jCiO«)  7 2 .4 0  7 2 .5 8
H sC iO t.................................................................................. 2 6 .1 4  2 0 .3 0
HaO (50° C ., in vacuo). . .....................................  1 ■ 12 1 .2 7

T o t a l ............................................................................  9 9 .6 6  1 0 0 .1 5

In addition to these three dyes studied in detail, the titra­
tion has been applied successfully in the routine laboratories 
to various other triphenylmethane colors.

Azo D yes

In attempting to apply the methods for the titration of 
azo dyes recommended by Knecht and Hibbert,6 difficulty 
was frequently encountered in the high color of the reduced 
solution, which masked the end point of the titration. 
Investigation revealed the fact that this color depends to 
a large extent upon the nature of the medium in which the 
sample is dissolved, so that by a judicious choice of solvents 
the direct titration of a dye is made possible which otherwise 
would require the less convenient indirect method. Un­
fortunately, no means of predicting the required solvent 
mixture from the constitution of the sample has been estab­
lished to date; consequently, in undertaking the analysis 
of a new dye, the medium must be determined by trial. On 
the other hand, the data acquired in the analysis of a large 
number of azo dyes show that any combination of the solvents 
experimented with which yields a sharp end point gives con­
cordant results of sufficient accuracy for commercial purposes. 
It may also be stated that in all direct titrations of azo dyes 
the presence of sodium tartrate (or Rochelle Salt) is either 
absolutely necessary or highly advantageous and, conversely, 
in all back titrations excess of sodium tartrate must not 
be present since titanous chloride is decomposed upon boiling 
in the absence of free mineral acid.

From these considerations it is evident that 110 procedure 
of universal application can be given. The general outline 
of the methods employed is as follows:

D i r e c t  T i t r a t i o n — Dissolve the sample, which should be 
equivalent to 30 to 50 cc. of 0.05 N  titanous chloride, in 50 to 
1 0 0  cc. of an appropriate solvent (water, alcohol, acetic acid, or 
mixtures of these) in a 300-cc. Erlenmeyer flask, add 50 cc. of 
25 per cent sodium tartrate solution, and boil for 3 to 5 minutes. 
Adm it a rapid stream of carbon dioxide, connect the flask to the  
buret, and titrate the liot solution with 0.05 N  titanous chloride 
to the last distinct color change. If the standard solution is 
added in 0 .2 -cc. portions toward the end of the titration, a satis­
factory end point can be detected in even a quite highly colored 
solution.

I n d i r e c t  T i t r a t i o n — Dissolve the sample (equivalent to  
about 30 cc. of titanous chloride solution) in 50 to 100 cc. of sol­
vent, add 25 cc. of 40 per cent sulfuric acid or concentrated hy­
drochloric acid, boil to expel dissolved air, sweep w ith carbon 
dioxide, and add 50 cc. of 0.05 N  titanous chloride solution. 
Boil 5 minutes and titrate the hot solution with 0.05 N  ferric 
alum solution. I t  frequently happens that the reduction prod­
ucts of the dye serve as indicator, but if this is not the case 2  cc. 
of a 0.1 per cent solution of reduccd M ethylene Blue should be 
added previous to the back-titration. This indicator is prepared 
by dissolving 0.5 gram of dye in 100 cc. of 50 per cent alcohol and 
50 cc. of 25 per cent sodium tartrate solution, titrating hot w ith  
titanous chloride to discharge off the blue color and diluting to 
500 cc. The solution should be stored under carbon dioxide, as 
it is rapidly reoxidized by air.

Either method is rapid, the direct titration requiring 15 
to 20 minutes and the back titration but little longer, and the 
results by either, when applied to average samples, should 
be reproducible within about 0 .5  per cent. In the analysis 
of dye mixtures, the results cannot be calculated upon the 
absolute basis of the Metanil Yellow standardization, but 
must be expressed in terms of a standard dye known to con­
tain the same ingredients as the sample in approximately 
the same ratio.

In all cases the samples dealt with were purified by re- 
crystallization from water or mixtures of alcohol and water, 
and the purity of the final product was checked by elementary 
analysis. Since Metanil Yellow was used as the ultimate 
standard, especial care was exercised in its purification,

• " N ew  R eduction  M eth od s in V olum etric A n a ly s is /’ 1918, p. 76.
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M olecular
W eight

T a b l e  V I— An a l y s is  o p  A zo D y e s  
N orm ality  

P ro- of 
cedure TiC U

i:?
i - i

i:i
!■

i*
I-

D y e  W eight C o m po s it io n

^Metanil Y ellow  3 7 5 .3  M etan ilic  acid  - { -d ip h en ylam in e

O range I I  3 5 0 .2  M etan ilic  acid  +  p-naphthol

Chrom e B lack  6B  3 9 4 .3  1: 2 :4  a c id l+  p-naphthol

S k y  B lue OB 9 9 2 .7  D ian isid in e +  2 C hicago acids

B asic Brow n G 4 1 9 .2  3 -P h en ylened iam in e

B asic Brow n B  4 0 1 .3  3-T oly lcn ed iam in e

C hrysoidine R  2 6 2 .7  T oly len ed iam in e -f- an iline

a 1 cc . of iron so lu tion  =* 1.062 cc . o f T iC lj.

the crystallizations—two from water and three from alcohol—  
being continued until the final crop of crystals and the ma­
terial obtained tipon concentration of the last mother liquor 
consumed identical percentage quantities of titanous chloride. 
The final product was dried to constant weight at 120° C.

In the foregoing table are summarized typical results ob­
tained upon representative azo colors. In Column 4, the 
figures 1 and 2 refer, respectively, to the direct and indirect 
titration procedures.

B a s i c  B r o w n s  a n d  C h r y s o i d i n e s

In the analysis of the Basic Browns and Chrysoidines, 
a special procedure is necessitated by the instability of these 
compounds toward heat. In the former case, which is an 
indirect titration, the sample was dissolved, the flask swept 
with carbon dioxide, and the titanous chloride added at room 
temperature, after which the reaction mixture was boiled

4897

04552

4S97

4552

4803

4803

4803

b y ,T it a n o u s  C h l o r id e

A ssay  S o lven t
G . Cc.

0.2000 .............
0 .2 1 0 0  50 w ater
0 .2 2 9 9  ...............
0.2000  .............
0 .2 0 0 0  50 water
0 .2 4 1 5  (5 0  alcohol
0 .2 4 1 5  «<25 w ater
0 .2 4 1 5  (2 5  acetic
0 .2 8 2 4  ( ...............
0 .2 8 2 4  ■( 50 w ater
0 .2 8 2 4  (5 0  alcohol
0 .1 2 5 9  ...............
0 .1 2 5 9  100 w ater
0 .1 2 5 9  ...............
0 .1 3 8 8  ...............
0 .1 3 8 8  100 w ater
0 .1 3 8 8  
0 .1 5 7 7
0 .1 5 7 7  -¡50 w ater
0 .1 5 7 7  / 25 acetic

T iC lj
Cc.

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

Iron
C c.

20a
20
00
40a
90
60

P u rity  
b y  T iC lj  

%  
1 0 0 .0 4  

9 9 .9 6  
100.02 

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

P u rity  b y  
Sulfur or 
N itrogen%
N , 99

N , 98  
S, 99

N , 88  
S, 88

N , 74

N , 87 

N , 99

8

05

and the determination completed according to the usual 
procedure. With the Chrysoidines, titration was begun at 
65° C., temperatures above 70° C. causing appreciable de­
composition with consequent low results.

A d d i t i o n a l  W o r k  

In addition to the dyes studied above in detail, the titra­
tion method has been successfully applied in the routine 
laboratories to the analysis of about twenty-five triphenyl- 
methane and over a hundred azo colors.

Since the completion of this investigation, the titration 
of azo dyes with titanous chloride with electrometric deter­
mination of the end point has been described by Jones and 
Lee.0 It is probable that such a procedure would over­
come, to a considerable extent at least, the arbitrary effect 
of solvent upon the titration encountered in our work.

® T h is  J o u r n a l , 14 , 46  (1922).

Action of Barium Chloride on Sulfate 
in Fused Salts1
By H oward E. Batsford

1520 S u n s e t  Ay r ., U t ic a , N . V .

The action of barium chloride on sulfate in aqueous solution  
is so well known as not to need repetition, but whether this same 
action took place w hen in a m ixture of fused salts, such as so­
dium  and calcium  chlorides, was an open question. Foote and 
M artin,* as a result of investigations on the action of barium  
chloride in fused mercuric chloride, found th a t the chlorides of 
m ost of the divalent m etals were not soluble in mercuric chlo­
ride. However, this work, though of a similar nature to that 
undertaken by the writer, w as not conclusive evidence th a t the 
reaction BaCl2 +  R 2SO4 =  BaSO< +  2RC1 would occur in 
quantitative am ount in other fused salts.

In connection w ith the electrolysis of fused salts it  is very de­
sirable to obtain as pure salt as possible, in order to prevent ir­
regularities in the electrolytic action. The usual practice is to  
purify the salts in aqueous solution, then to dehydrate them  thor­
oughly and proceed to fuse them  for manufacture of the respec­
tive  metals.

An effort was m ade to study  the effect on electrolysis of add­
ing slightly impure or commercial salts to  the fused cell. The  
result was a lowering of the current yield coupled w ith foam ing 
of the bath and disturbed thermal relations. I t  w as found that 
barium chloride added from tim e to tim e had an accelerating 
action on the m etal production, but to w hat this action was 
attributable w as unknown. The questions naturally arose, 
whether barium chloride affected the cell by  reaction with the  

x R eceived  M ay  21, 1923.
* A m . Chem . J . ,  41, 451 (1909).

700

500

sulfate impurities, and w hat effect it had on the fusion point when 
added in small quantities to the m elt.

The second question was settled  definitely in a short tim e by 
making up known mixtures of sodium  and calcium chloride, 
analyzing them , and running them  for freezing points, then re­
peating the operation w ith sam ples containing varying small 
quantities of the barium salt (Fig. 1).

The experim ent on the action of barium chloride on the sul­
fate occupied several days. During the regular operation of the 
electrolytic cell barium chloride w as added hourly in known 
amounts, sam ples of the m olten electrolyte and bottom  sludge 
being taken at proper intervals.

A nalyses were m ade of all m aterials entering and leaving the 
furnace, as well as of the  
material remaining at the  
end of the run. On ac­
count of the length of 
each run and the large 
quantities of electrolyte 5 
employed, the chance of ^  
large percentage loss was § 600 
remote. ^

It  was found th a t (1) JJ 
barium chloride did not ^  
change the freezing point Q 
when added in small quan­
tities; (2 ) barium chloride 
in m olten sa lt mixtures 
acted as a purgative, pre­
cipitating quantitatively  
the sulfate existing as im ­
purity in the salts.

20 30 40 SO 60
P e r  c e n t  N a  C l

F io .  1— F r b k z in c  P o in t  C u r v b  of  
N a C L -C a C li M txTURSS
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A Method for the Determination of Tolidine1'2
By S. Palkin

C o l o r  L a b o r a t o r y , B u r e a d  or  C h e m is t r y , W a s h in g t o n , D . C.

THE determination of tolidine by nitrite titration3 
has an apparent advantage in that it is comparable 
to the process involved when the base is to be used 

for tetrazo dyes. This method is, however, subject to the 
usual difficulties incident to diazotization, such as uncer­
tainty of end point with starch iodide indicator, as well as 
instability of the product formed. The reaction is, more­
over, a time reaction, requiring periodic standing and ob­
servations, to approximate completion of the diazotization. 
An iodometric method4 described by Roesler and Glasmann 
has similar disadvantages and depends upon spot tests for 
determination of the end point. Both methods, while simple, 
require considerable skill and practice before any degree of 
accuracy can be approximated.

It is well known that tolidine and benzidine form a number 
of very difficultly soluble salts, and advantage has been 
taken by Raschig5 and others6 to make use of the sulfates 
of these bases for determination of the sulfate radical. No 
method which makes use of this property of tolidine for the 
determination of the base itself, however, has been found 
on record. The Raschig5 method requires an excess of 
tolidine to insure complete precipitation.

The method described in this paper makes use of the 
more soluble salt, the dihydrochloride of tolidine, and de­
pends upon the fact that the dihydrochloride can be removed 
from aqueous solution by the introduction of saturated salt 
solution. The tolidine dihydrochloride, which is freed from 
excess hydrochloric acid and other impurities by washing 
with salt solution, can then be titrated acidimetrically, using 
a suitable indicator.

D e s c r i p t i o n  o f  M e t h o d

About 0.5 to 1 gram of sample is dissolved in dilute, 1 N  
hydrochloric acid solution, using heat. About 10 cc. of 3.5 
per cent acid will be required per gram of tolidine. To the 
tolidine solution is then added a saturated sodium chloride 
solution, using about 100 cc. of saturated salt solution to 
every 10 cc. of tolidine solution. The tolidine dihydro­
chloride is allowed to crystallize out for about 20 or 30 min­
utes and is filtered by suction through a small 3 or 4-cm. 
paper on a perforated plate. The precipitate is washed 
several times witli saturated salt solution to remove all free 
acid and other impurities.

The precipitate of tolidine dihydrochloride is then trans­
ferred completely to a 150-cc. beaker, paper and all, and 
dissolved in hot water to a clear solution. To this solution 
is added 0.1 N  ammonium hydroxide solution slightly in 
excess, as determined by methyl red indicator. About 55 
cc. of 0.1 N  ammonium hydroxide per 0.5 gram of tolidine 
is a convenient amount. The precipitate of tolidine base 
is then allowed to stand a few minutes, filtered by suction, 
and washed with water. The excess ammonia is titrated

1 Presen ted  before th e  D iv is ion  o f D y e  C hem istry  a t  th e  05th  M eetin g  
o f th e A m erican C hem ical S o c ie ty , N ew  H aven , C onn., A pril 2 to  7 , 1923.

2 C ontrib ution  N o . 78 from  th e C olor L aboratory, B ureau  o f  C hem is­
try, W ash in gton , D . C.

* C ain and T horp e, " S yn th etic  D yestu ffs  and  Interm ed iate P rodu cts,” 
1918, p. 312.

<Chem . Z tg ., 27, 986 (1903).
* Z . angew . C hem ., 26, 617 (1903).
« M ü ller and D ürkcs, Z . ana l. C hem ., 47, 477, 653 (1903).

back with 0.1 N  hydrochloric acid solution, using methyl 
red as indicator, and the volume of ammonium hydroxide 
consumed is obtained by difference. One cubic centimeter 
of 0.1 N  ammonium hydroxide equals 0.0106 gram of tolidine. 
Standard sodium or potassium hydroxide may be used in­
stead of ammonia, but the usual precaution to keep it free 
from carbonate must be taken.

Using this method in a series of tests on specially purified 
tolidine with melting point 129° C., it was possible to account 
for 99.82 per cent in an average of nine determinations. The 
minimum recovery in these experiments was 99.52 per cent; 
and the maximum recovery was 99.96 per cent. The re­
covery on a less pure sample of tolidine with melting point 
of about 12S° C. showed variations of the same magnitude. 
These results are shown in Table I.

T a b l e  I — A pp l ic a t io n  of M e th o d

S ta n d a rd
T o lid in e A lkali
T a k e n C onsum ed /—T o lid in e F o u n d —%

N o. G ram s Cc. G ram s P e r  c e n t
la 0 .2 5 0 0 2 2 .9 5 0 .2 4 9 4 9 9 .7 6
2 0 .2 5 0 0 2 2 .9 5 0 .2 4 9 4 9 9 .7 6
3 • 0 .2 5 0 0 2 2 .9 0 .2 4 8 8 9 9 .5 2
4 0 .5 0 0 0 4 6 .0 0 .4 9 9 8 9 9 .9 6
5 0 .2 5 0 0 2 3 .0 0 .2 4 9 9 9 9 .9 6
6 1 .0000 9 1 .9 0 .9 9 8 5 9 9 .8 5
7 0 .5 0 0 0 4 5 .9 0 .4 9 8 7 9 9 .7 4
8 0 .5 0 0 0 4 5 .9 5 0 .4 9 9 3 9 9 .8 6
9 0 .2 5 0 0 2 3 .0 0 .2 4 9 9 9 9 .9 6

116 1 .0000 9 1 .5 0 .9 9 4 1 9 9 .4 1
12 0 .7 5 0 0 6 8 .5 0 .7 4 4 3 9 9 .2
13 0 .1 0 0 0 9 .1 0 .0 9 8 9 9 8 .9
14 0 .0 5 0 0 4 .7 0 .0 5 1 0 1 0 2 .0
15 1 .0 0 0 0 9 1 .5 0 .9 9 4 1 9 9 .4 1
16 1 .0000 9 1 .5 0 .9 9 4 1 9 9 .4 1
17 0 .5 0 0 0 4 5 .8 0 .4 9 7 6 9 9 .5 2
18 0 .2 5 0 0 2 2 .8 0 .2 4 7 7 9 9 .0 8
19 0 .1 0 0 0 9 .1 0 .0 9 8 8 7 9 9 .8 7
20 0 .0 5 0 0 4 .5 5 0 .0 4 9 4 9 8 .8 6

N os. 1 to  9 o b ta in e d  b y  fu r th e r  p u rif ic a tio n  from  b, m e ltin g  j
129“ c.

& N o s. 11 to  20 obtained b y  purification  of tech n ical tolid ine .

Experiments were also conducted to determine whether 
the method was sensitive to variations in salt and acid con­
centrations. As shown in Table II, these two factors are 
without appreciable effect.

T a b l e  I I — E f f e c t  of  V a r ia t io n s  in  H y d r o c h l o r ic  A cid  a n d  S od iu m  
C h l o r id e  C o n c e n t r a t io n s

Salt Standard
Tolidine Solution HC1 Alkalib T olid in e
Solution** Used A dded C onsum ed Fou n d

N o . Cc. Cc. Cc. * Cc. Gram s
21 5 50 2 2 .6 0 .2 4 5 5
22 5 50 2 2 .5 0 .2 4 4 5
23 5 50 6! i 2 2 .5 0 .2 4 4 5
24 5 50 0 .2 2 2 .5 0 .2 4 4 5
25 5 50 0 .5 2 2 .6 0 .2 4 5 5
26 5 50 1 .0 2 2 .4 5 0 .2 4 3 9
27 5 50 2 .0 2 2 .8 0 .2 4 7 7
28 5 50 3 .0 2 2 .5 5 0 .2 4 5 0
29 5 50 4 .0 2 2 .6 0 .2 4 5 5
30 5 50 5 .0 2 2 .6 5 0 .2 4 6 1

31 5 50 2 2 .5 0 .2 4 4 5
32 5 50 2 2 .8 0 .2 4 7 7
33 5 50 2 2 .5 5 0 .2 4 5 0
34 5 50 2 2 .6 5 0 .2 4 6 0
35 5 40 2 2 .4 5 0 .2 4 3 9
36 5 40 2 2 .4 5 0 .2 4 3 9
37 10 90 4 5 .1 0 .4 9 0 0
38 10 100 4 5 .2 0 .4 9 1 1
39 10 80 4 5 .2 0 .4 9 1 1
40 10 100 4 5 .3 0 .4 9 2 1

a A pproxim ately  10 gram s to lid ine and  12 cc. con centrated  hydrochloric
acid d isso lved  in  200 cc . w ater, 
to lid ine.

1 cc , con ta in s  ap proxim ately  50 m g.

b N H 4O H  solution  used w as 0 .10245 N .
N o t e :  Probable error in  p ip ettin g  to lid ine so lu tion  1 

which is  50 X  0 .05  •» 2 .5  m g.
1 drop (0 .05  cc .)
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Some Simplified Routine Tests in Sugar-Mill Laboratories'
By K . R . L indfo rs

M ic h ig a n  S u g a r  C o ., S a g in a w , M ic i i .

D e t e r m i n a t i o n  o f  S u g a r  

i n  L i m e  C a k e

THE official method 
of decomposing the 
saccharate of lime 

present with acetic acid 
requires considerable time 
as the acid should be added 
very slowly in order to in­
sure complete decomposi­
tion without excess. A 
modification involving the 
addition of a definite 
amount of acetic acid is 
sometimes used, but as the 
composition of the lime cake varies considerably from time 
to time, this amount may be either too large or too small. 
Ammonium nitrate has been substituted in many cases, but 
it is not only expensive, but rapidly corrodes the brass fit­
tings on the polariscope tube.

Herles2 recommends the use of ordinary neutral lead acetate 
for decomposition of the saccharate present. The lead 
acetate combines with the lime producing calcium acetate 
and hydroxide of lead, setting the sugar free.

As 2 molecules of lead acetate combine with 1 molecule of 
calcium oxide, 1 gram of lime will require 13.54 grams of lead 
acetate. Lime cake ordinarily does not contain more than 
4 per cent of caustic lime; 14.11 grams of the reagent will 
therefore be sufficient for normal weight of the cake.

Furthermore, as about 5 cc. of insoluble matter are present 
in 26 grams of cake, it becomes necessary to fill up to 105 cc. 
in order to get a direct percentage of sugar. Hence, the 
total volume to be added is 86.98 cc. which must contain 
16.22 grams of the acetate. But as an excess does no harm, 
it is recommended to use 20 grams of lead acetate per 100 
cc. of water. The advantage of this reagent lies in the fact 
that it not only decomposes the saccharate present, but at 
the same time precipitates the impurities, as the hydroxide 
formed during decomposition combines with the excess of 
the reagent to basic acetate of lead.

Usually, there are no 105-cc. flasks available. Herles, 
therefore, recommends the following modification of his 
method:

W eigh out 30 grams of lim e cake, add w ith a pipet 100 cc. of 
the lead acetate solution, mix, filter, and polarize. If the weigh­
ing is done in a dish w ith  a tight fitting cover in which is placed 
a piece of a suitable brass chain, a few m om ents of violent shak­
ing will accom plish the m ixing of the reagent and the lim e cake.

The method gives very good results in straight sugar mills, 
but when the Steffen process is used the amount of caustic 
lime present is sometimes considerably greater; therefore, 
the amount of lead acetate added according to the foregoing 
directions is not sufficient to complete the decomposition of 
the saccharates. The difficulty was finally overcome by the 
use of 25 grams of lead acetate per 100 cc. (in place of 20 
grams) and the addition of 1 to 2 cc. of concentrated or glacial 
acetic acid per liter, the amount of acetic acid to be added 
depending upon the presence of carbonate of lead in the com-

1 Presen ted  before th e  D iv is ion  o f Sugar C h em istry  a t  th e  05th  M eetin g  
o f  th e A m erican  C hem ical S o c ie ty , N ew  H a v e n , C onn ., A pril 2  to  7 , 1923.

* Z . Z u cke rin d . L a n d w ., 727 (1898).

mercial product. In straight 
houses sufficient acetic acid 
to insure a perfectly clear 
solution was used, and in 
Steffen's, 1 to 2 cc. addi­
tional.

S t e f f e n ' s  W a s t e  a n d  

W a s h  W a t e r s —As neutral 
or slightly acidulated lead 
acetate so effectively broke 
up the saccharate present 
in lime cake, its use for 
similar purpose in other 
materials containing bound 
sugar was naturally sug­

gested. It was therefore tried in place of acetic acid on 
Steffen’s waste and wash waters. The result was very satis­
factory. A large number of experiments were made, with good 
checks, and finally this procedure was adopted:

W ith a sucrose pipet transfer double normal weight of Steffen’s 
waste or wash waters into a 100-cc. flask. Add tw o drops of 
phenolphthalein, and add slowly, under constant shaking, a con­
centrated solution of slightly acidulated lead acetate (about 450 
grains lead acetate, and 2  cc. acetic acid per liter) until the red 
color disappears. T hen add about 2 cc. more or sufficient to  
break up the m ilky precipitate, fill up to mark, filter, and polarize.

S a c c h a r a t e  C a k e  a n d  S o l u t i o n  f r o m  C o o l e r —These 
materials contain too much caustic lime to be completely 
decomposed by acetate of lead, but by ending the reaction 
with this solution the danger of an excess of acetic acid is 
avoided, and no further clarification is required. The method 
adopted is as follows:

To normal w eight of the m aterial add dilute acetic acid until 
the red color imparted b y  tw o drops phenolphthalein disappears 
for the first tim e. The red color soon returns upon further shak­
ing, and then com plete the decom position by an excess of concen­
trated neutral lead acetate. (About 450 parts of lead acetate  
to  1 liter of water, plus 1 cc. concentrated acetic acid.)

D e t e r m i n a t i o n  o f  S u c r o s e  a n d  R a f f i n o s e  i n  M o l a s s e s

The old Herzfeld method works well with ordinary sugar- 
liouse products, but when Steffen house molasses has to be 
analyzed the results are often far from satisfactory. The 
reason therefore is not hard to find. This molasses contains 
such large amounts of the salts of lime, potash, and soda, 
mostly as carbonates, that a part of the hydrochloric acid is 
neutralized thereby and therefore the inversion is not com­
pleted in the time specified. To try to overcome this diffi­
culty by an addition of more acid or longer heating is not 
advisable, as the composition of the molasses is not constant. 
Therefore, a considerable error would be introduced when such 
a modification was used on molasses with less salts, and often 
the chemist does not know what kind of molasses he is testing, 
nor is he able to estimate the amount of carbonates present.

Walker3 describes an inversion process for the determina­
tion of sucrose by double polarization, which apparently 
showed a way out of the difficulties. His method for de­
termination of sucrose in cane-sugar molasses is briefly as 
follows:

Place 50 or 75 cc. of the solution used for direct polarization in 
a 100-cc. flask (in case 50 cc. are used add 25 cc. water) and heat 
in a  water bath to  65° C. R em ove from bath, add 10 cc. of a

1 T h is  J o u r n a l , 9, 490  (1917).

Every beet-sugarhouse chemist is fam ilia r with the apparently  
endless stream of samples brought into the laboratory to be tested, 
also with the fact that the work must be performed to a great extent 
by benchmen with often no ^nou)/ei/ge of analytical chemistry. 
Such conditions undoubtedly exist in the great m ajority of sugar 
m ills, and in order to accomplish the work only methods of greatest 
speed and sim plicity  can be utilized. Therefore, modifications 
increasing the speed, or decreasing the chance of error, ought to be 
of interest to sugarhouse chemists.

The purpose of this paper is to call attention to a few  sim plified  
methods, little kn<>wn, or such modifications thereof as have been 
found necessary in order to insure reliable results or lessen the 
work involved.
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mixture of equal volum es of-hydrochloric acid (sp. gr. 1.188) 
and water, allow to cool down spontaneously in air for 15 minutes, 
or as much longer as m ay be convenient, then cool in water to  
room temperature, make up to 1 0 0  cc., and polarize as usual. 
In the case of low-grade products which have been clarified w ith  
a large excess of basic lead acetate, it  is im perative that the  
excess alkalinity be neutralized before heating, this being best 
accomplished by the addition of 1 cc. (or 2  cc. in exceptional 
cases where a large excess of dry lead acetate has been used) 
of the dilute acid used for inversion.

When this method was applied to Steffen house molasses, 
it was found that the inversion was not completed within 
the time mentioned, more acid, longer time, or both, evidently 
being required. After a considerable amount of experimental 
work the method was finally adopted with the following 
modifications:

(1) The hydrochloric acid used is prepared by adding 40 cc. 
of water to 60 cc. of concentrated acid, in place of 50: 50 in the  
original method.

(2) One cubic centim eter of this acid is always added before 
heating.

(3) The contents of the flask is heated to 70° C. on the water 
bath (in place of 65° C.).

(4) The tim e of inversion before cooling is increased to 45 
minutes.

(5) The chloride of lead precipitated is removed by filtration 
before the zinc dust is added.

Thus, the procedure is carried out in this manner:

W eigh out double normal weight of the molasses and transfer 
to  a 200-cc. flask w ith water. Add basic lead acetate until 
no more precipitate is formed (25 cc. will generally be about 
right), fill up to mark, mix well, filter, and polarize in a 1 0 0 -mm. 
tube. The reading m ultiplied by 2 gives direct polarization. 
Pipet 50 cc. of the filtrate to a 100-cc. flask, add 25 cc. water and 
1 cc. hydrochloric acid (40 cc. water to GO cc. concentrated hy­
drochloric acid). Insert a thermometer in the flask, and heat 
the contents on a water bath to 70° C. R em ove the flask 
from the water bath and introduce 10  cc. of the dilute hydro­
chloric acid. L et stand in the air a t room temperature for at 
least 45 m inutes, cool, fill up to mark, and filter. Add a knife 
point of zinc dust, filter the solution and polarize again.

D e t e r m i n a t i o n  o f  M o i s t u r e  i n  D r i e d  P u l p

Although it is of great importance to keep the moisture of 
dried pulp as constant as possible within narrow limits, the 
control thereof by the laboratory has been very unsatis­
factory on account of the long time required for drying, even 
when vacuum ovens are available. In some plants the drying 
time has been cut down to one hour, and the moisture calcu­
lated by means of a factor in order to obtain at least an ap­
proximate result rapidly. But even so, a large amount of 
pulp has time to pass through the drier before the results 
are known. Therefore, a method of shortening the time of 
the determination, and at the same time giving the moisture 
accurately, ought to be of great value for the control of the 
drier work. The moisture tester4 is an apparatus for distilling 
off the water contained in the sample, and is especially, and 
hitherto probably exclusively, used for the determination of 
moisture in grain. The grain is immersed in oil and heated 
to a specified temperature (in most cases to 190° C.) at which 
all the water distils off, to be collected in a cylinder so grad­
uated that the reading of the liquid gives the percentage of 
moisture in the sample. As 50 or 100 grams of material are 
taken, the moisture present can be determined within 0.1 
to 0.05 per cent.

As no information was available as to the procedure to be 
followed for determination of moisture in pulp, it became 
necessary to ascertain experimentally the amount of material 
to be taken, the volume of oil, and the temperature. Time 
did not permit a thorough investigation of all details, but the

< For com p lete  d escription  o f  th e  ap paratus and d irection s for it s  use  
see U . S .  D ept. A g r ., B u r . P la n t In d u s tr y , C irc. 72.

results obtained with the following method checked very 
well with the percentage of moisture found after 12 hours 
of drying at 105° C. in an ordinary drying oven.

Weigh out 50 grams of the pulp and transfer to  distilling  
flask. Add 250 cc. of oil, and heat until the thermometer regis­
ters 190° C.

The whole operation is finished in 20 minutes. The appa­
ratus is inexpensive and the oil can be used over and over 
again. This apparatus ought to be found in every sugar- 
house laboratory.

Some experiments were also made to find out if the ap­
paratus could be used for the determination of water in other 
sugarhouse products. With pressed pulp no satisfactory 
results were obtained, as the large amount of water present 
(about 85 per cent) caused excessive foaming. This can, of 
course, be overcome by the use of small amounts of sample, 
but then the accuracy of the method will be greatly de­
creased.

Water in molasses, fillmass, and sugar can be found by 
this method. Use 50 grams of material, 150 cc. of oil, and 
heat slowly to 170° C. However, variations of the materials 
may make modifications in the amounts necessary, and so 
far not enough experimental work has been done to ascertain 
the influence thereof.

D e t e r m i n a t i o n  o p  G u m s  i n  D i f f u s i o n  J u i c e

Where the apparatus for determination of potash by means 
of the centrifugal method is available, it will probably be of 
interest to know that the same can also be used for the 
determination of gums in diffusion juice.

T o 5 cc. of diffusion juice add 0.5 cc. concentrated hydrochloric 
acid, and 15 cc. of 95 per cent (volume) alcohol. M ix well and 
let stand in water of about 70° C. for 15 m inutes. M ix, transfer 
to a potash flask, and spin in motor-driven centrifugal for 15 
minutes. Each degree on stem  corresponds to 0.04 per cent 
of gums.

The absolute percentages obtained in this manner may 
not always be correct, but the figures are of considerable 
comparative value, since they indicate irregularities in the 
battery work, decomposed beets, and in a general way aid 
in comparing the beets of one plant with those of another.

The test is always run in duplicate (this is necessary to' 
balance the centrifugal) and the mean of the two readings is 
taken.

P r e p a r a t i o n  o f  S t a n d a r d  A c i d

Many years ago the “Vereinslaboratory” in Berlin worked 
out the use of borax as a standard of preparation of normal 
solutions. As this salt furnishes an excellent check for such 
solutions, it is surprising that it is never mentioned in the 
chemical handbooks. The reason may be that borax loses 
some of its crystal water quite rapidly, but as the recrystal­
lization thereof is very simple and rapid, this does not pre­
vent its use. In the hands of men with little analytical 
experience or scientific education, it is probably the most 
accurate check available.

Commercial borax is recrystallized twice, C. P. borax 
once, preferably by letting the hot, concentrated solution 
(100 grams to 100 cc.) drop through a filter paper in a dish 
placed in cold water, under constant stirring. It is absolutely 
necessary to have the crystals form rapidly, under constant 
stirring, as large crystals are liable to enclose particles of the 
mother liquor. The fine crystals are washed once or twice 
with cold water, and the excess of water is removed by suc­
tion. Part of the moisture remaining is eliminated by press­
ing the crystals between filter papers until the papers no longer 
show any indication of moisture. The crystals are left to
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dry in the air, at room temperature, for 24 to 72 hours, 
depending upon the moisture in the air of the room. In 
winter, if no steam vapor is present, 24 hours are generally 
.sufficient. No heating or drying in desiccators is permitted, 
.■as then some of the crystal water is lost.

The high molecular weight of this salt will practically 
«eliminate the effect of errors due to slight inaccuracy in weigh­
ing, or small impurities still present. Five grams of borax

correspond to 26.2 cc. of normal acid; 19,109 grams to 1/10  
normal, and 6.825 grams to 1/28 normal acid.

Methyl orange is generally recommended as an indicator 
for borax solution, but it is somewhat lacking in sharpness, 
especially in dilute solution. This difficulty has now been 
overcome by the use of dimethylamidoazobenzene. This 
indicator is prepared by dissolving 1 gram of the salt in 1 
liter of alcohol. The end point is very sharp.

High-Speed Stirring as an Aid to Chemical Action1
By C. H . M illigan and E. Em m et Reid

J o h n s  H o p k in s  U n iv e r s it y , B a l t im o r e , M d .

Co n t a c t  is conceded
to be essential to 
chemical action, and 

it is usual to shake or stir 
mixtures to facilitate reac­
tions, but quantitative data
connecting the violence of the agitation with the rates of 
reactions are lacking. Such data are desirable for the de­
sign of equipment. Of course, conclusions drawn from small- 
scale laboratory experiments are not to be applied recklessly 
to plant apparatus.

Where we have two consecutive reactions, one of which 
is extremely rapid and the other slow, the over-all velocity 
depends on the slow reaction and is related to the circum­
stances that favor or hinder it. If we consider the mutual 
solution of the reactants as the first of the two reactions 
followed by a chemical change, we come to the conclusion 
that if the desired reaction is rapid but the rate of solution 
is slow, the reaction rate will be related to the rate of stir­
ring, while if the solubility is great and the reaction compara­
tively slow, stirring will be of little importance. The pres­
ent investigation is a preliminary study of the relation 
between speed of stirring and reaction rate in several non- 
homogeneous systems.

In the action of sulfur dioxide on benzene in the presence 
of aluminium chloride, stirring has little influence, since the 
gas dissolves readily anyway and the reaction rate is probably 
slow, but the absorption of ethylene by benzene in presence 
of aluminium chloride and the hydrogenation of cottonseed 
oil using nickel as catalyst are enormously accelerated by in­
tensive stirring.

With the apparatus used by the authors and over the range 
covered by their experiments, the rates of these two reactions 
are roughly linear functions of the speed of stirring, and may 
be approximately expressed by v =  a +  hr, in which v is rate 
of gas absorption and r is speed of stirring. The rate when the 
gas is only bubbled through is a, and b is a constant for a 
particular stirrer.

In the ethylation of benzene, a has a considerable positive 
value since the gas is moderately soluble in the liquid, while 
in the hydrogenation experiments a is negligible. Here the 
absorption of hydrogen increases faster than the rate of 
stirring for low speeds, the relation becoming linear at higher 
speeds. In Fig. 1 the absorptions in' cubic centimeters per 
minute are plotted against speeds of stirring in thousands of 
revolutions per minute.

At 13,000 r. p. m. 1 volume of benzene was reacting with 6.5 
•volumes of ethylene, and 1 volume of cottonseed oil in presence 
of 0.12 per cent nickel was taking up 2.3 volumes of hydrogen, 
whereby its iodine number was being lowered 2.6 per minute.

1 R eceived  M a y  10, 1923.

The relation of speed of stirring to velocity of reaction has been 
studied in the ethylation of benzene and in the hydrogenation of 
cottonseed oil in presence of nickel. In  both cases the reaction rates 
arc nearly proportional to speed of stirring.

For the literature relative 
to the ethylation of benzene 
by ethylene and for details 
as to the products obtained, 
reference may be made to 
a previous article.2

Rapid stirring appears to aid the chlorination of toluene 
and of acetic acid, but quantitative comparisons have not 
been made.

T h e  S t ir r e r  (F ig . 2)

The speed of the motor was 1700 r. p. m., which was multi­
plied about eight times by an arrangement of pulleys carried 
on a steel frame. Ball bearings were provided for the stirrer 
shaft and for the upper end of the countershaft. The speed 
of the motor was controlled by a variable resistance. The 
speed of the stirrer was measured by a speed counter, the end 
of which carried a toothed wheel which meshed with a thread

‘ J .  A m .C h c m . Soc ., 44 , 206 (1922).

Í00Q  Jj.tu.

F i g . 1— Va r ia t io n  o p  A b s o r p t io n  o p  H y d r o g e n  a n d  E t h y l e n e  w it h  
S p e e d  o p  S t ir r in g
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cut in the top end of the stirrer shaft. The speed counter 
was mounted on a swivel joint so that it could be snapped in 
and out of gear in taking the readings.

The reaction vessel was a glass bottle which was heated in a 
water or oil bath. The stirrer head was a disk, 37 mm. in 
diameter, carrying a bell-shaped projection at the bottom. 
Into the central cavity were drilled eight 2-mm. radial holes. 
The delivery tube for the gas terminated just beneath the 
bell. The stirrer shaft was surrounded by a tube which 
was carried by the frame above and passed tightly through the

stopper, thus making a liquid seal for the stirrer shaft. To 
prevent swirling of the liquid large bailies were provided. 
These were carried by round rods passing through the stopper. 
By means of pliers applied to the projecting squared upper 
ends of these rods the baffles could be turned in so as to pass 
through the neck of the bottle.

E x p e r i m e n t a l

E t h y l a t i o n  o f  B e n z e n e —A mixture of 250 grams of ben­
zene and 50 grams of anhydrous aluminium chloride was kept 
at 80° C. and ethylene passed in, the speed of the stirrer being 
adjusted so that only an occasional bubble of gas escaped 
absorption. The rates of stirring and of gas flow were read 
and then the gas rate was changed. In a run in which con­
stant conditions of stirring, etc., are maintained, the reaction 
velocity increases for a time and then remains fairly constant 
for a considerable period, changing gradually as the ethylation 
proceeds. The measurements made here were all from a sin­
gle run. Sufficient time was allowed for the reaction to get 
well under way before starting readings and then the adjust­
ments were made as quickly as possible and the readings 
taken with the passage of a minimum amount of gas so as to 
avoid great changes in the composition of the mixture. To 
produce monoethylbenzenc 77 liters of ethylene would have 
been required, which is several times the volume necessary for 
the readings. The ethylene was passed through a meter and 
the time given is for 0.01 cubic foot or 283 cc. The results 
are given in Table I, the last column of which shows the 
roughly constant values of b.

T a b l e  I — A b s o r p t io n  o f  E t h y l e n e

R . p. M .
S econ d s per 

283 Cc.
C c. per 
M in u te

Increase D ue  
to  S tirring b

0 80
1000 84 202 Î22 122
1000 87 196 116 116
3000 30 565 485 162
3000 37 457 377 126
6000 19 896 816 136
6000 21 810 730 122
7600 16 1065 985 129
8000 15 1135 1055 132

10,000 1 2 .5 1360 1260 126
10,000 13 1300 1220 122
13,000 9 .5 1790 1720 132

H y d r o g e n a t io n —As the rate of hydrogenation varies with 
the proportion absorbed, the aim was to adjust gas flow and 
speed of stirring so that approximately SO per cent of the 
hydrogen would be used up. The entering and emerging gas 
streams passed through two flowmeters placed side by side. 
The capillaries for these were cut from the same piece of tub­
ing, the one on the exit side being just five times as long as the 
other, so that when the two read the same the absorption was 
just 80 per cent. The flowmeters were calibrated separately. 
The results are not so satisfactory as those on ethylation on 
account of the greater number of variables, but they show 
the same trend. Two runs were made with different prepara­
tions of catalyst, both nickel suspended on infusorial earth. 
The data from the first run are plotted in Fig. 1 and the re­
sults of both are given in Tables II and III. As in the ethyla­
tion experiments, the readings were made within a short 
period of time so as to mimimize the effect of changes due to 
progressive hydrogenation.

The three determinations in which the hydrogen was en­
tirely absorbed are marked by (*). In these the amounts 
taken up are much smaller than in corresponding experiments 
with excess of hydrogen.

T a b le  II— H y d r o g e n a tio n

(Oil, 250 gram s; ca ta ly st, 1.5 grains ; 20 per cen t nickel)
------H ydrogen, C c.— 1-------* Cc. per

R . p. M . In Absorbed Per cent 1000 R . p.
A t  18 0 °  C.

1670 50 25 50 15
2200 50 41 82 19
3300 95 81 86 25
7800 350 298 85 38

10,700 565 475 84 44
13,500 755 633 84 47
13,500 433 433 100 32*

A t  185° C.
5900 433 361 83 61
6800 488 407 83 60
7600 515 425 83 56
7500 242 242 100 32*

T a b l e  III— H y d r o g e n a tio n

(Oil, 250 gram s; ca ta ly st, 3 gram s; 10 per cen t nickel)
Cc. per..— n y a ro g en , >^c.-------------n

R . p. M . In Absorbed Per cen t 1000 R . p. :
A t  180° C .

1580 33. 5 27 80 18
1800 56 42 75 23
2240 45 36 80 16
3400 158 126 80 36
7800 362 272 75 35
9000 362 272 75  • 30

10,200 473 355 75 34
12,850 517 413 80 32*

A t  190° C.
4600 247 198 80 43
7200 427 360 84 50

The following experiments were made on the chlorination of 
toluene and acetic acid:

Into 400 grams of toluene at 100° C. chlorine was passed 
while stirring with a silver stirrer at 6000 r. p. m. There was 
practically total absorption at 1100 cc. per minute, the chief 
product being benzyl chloride. In the presence of a trace of 
ferric chloride the gas was absorbed as rapidly as it could be 
admitted.

Under the same conditions, 6000 r. p. m. and 100° C., 475 
grams acetic acid, containing 17.5 grams of red phosphorus 
which had been rubbed to a paste with a part of the acid, 
absorbed chlorine as rapidly as it could be conveniently passed 
in, averaging about 1470 cc. per minute. During the second 
hour the rate averaged only 715 cc. per minute. At the end 
of about an hour all the phosphorus had dissolved.

A. P. Strietmann, president of The Biscuit and Cracker M an­
ufacturers’ Association, has founded a Research Fellowship at 
the University of M innesota on fermentation problems arising 
in the industry of which he is the head. This research will be 
conducted in the Departm ent of Biochem istry under the direc­
tion of C. H. Bailey. A. H. Johnson has been selected to carry 
on the work under this fellowship.
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Influence of Starch on Strength of W heat Flour1
By J. H . Buchanan and G. G. Naudain

A POSSIBLE relation­
ship between the 
starch of wheat flour 

and flour strength has been 
suggested by various inves­
tigations. Armstrong2 indi­
cated a variation in sizes of 
the starch grains of wheat 
flour. Jago,3 by viscosity 
measurements, showed the 
smaller grains to give greater absorption. With the addi­
tion of 20 per cent of starch to flour he found the effect upon 
the absorption to depend upon the size of the starch grains. 
The flour, with added rice, showed the greatest absorption, 
wheat second, and potato the lowest. The sizes of the grains 
in millimeters were as follows: rice, 0.0050 to 0.0076; wheat, 
0.002 to 0.052; potato, 0.06 to 0.10. Baking tests indicated 
a slight advantage in favor of the starches having the 
smaller starch grains. Hardy4 makes this statement:

I o w a  S t a t e  C o l l e g e , A m e s , I ow a

It has been shouln that sizes of starch grains m ay be measured 
quickly and accurately by the method described. Tests on seven 
typ ica l flour samples indicate a relationship between sizes of grains 
and strength of flours. Smaller starch grains tend to indicate a 
stronger flour.

Whether this relationship is due to actual colloidal properties of 
the starch or whether it sim ply reflects the condition under which 
the constituents were form ed, is yet to be determined.

The power of dough to retain its shape m ay be due, in som e 
cases, primarily to the nature and number of starch grains. 
W hatever the influence of starch grains m ay be, they operate 
as passive agents; the active mechanical properties of dough, its 
tenacity and ductility, are due to the protein in complex gluten.

Snyder5 believed starch to be without effect in influencing 
the baking strength. The more recent work of Rumsey6 
shows the value of diastatic enzymes in flour. Collatz,7 
in his study of the effect of addition of diastatic enzymes, 
arrived at the conclusion that the s,tarch of strong flour was 
more easily hydrolyzed than that of weak flour.

It is evident that the literature does not give a very definite 
idea of the importance of starch with regard to strength of 
flour. Upson and Calvin,8-9 Gortner and Doherty,10 and 
Sharp and Gortner11 have shown the necessity for a considera­
tion of the colloidal properties of gluten. It was with the 
idea of determining what the colloidal properties of starch 
might indicate, with respect to flour, that this problem was 
undertaken.

E x p e r i m e n t a l

In this work seven typical flours, upon which baking tests 
had been run in order to determine loaf volume, were ex­
amined for the purpose of determining what influence the 
size of the starch grains might have. The range of the loaf 
volumes is given in Table III.

Measurements were made to determine the size of the 
starch grains in the flours examined. Use was made of a 
high-power microscope equipped with a micrometer eyepiece. 
This micrometer was standardized against a Thoma chamber 
so that each division of the scale corresponded to two microns.

1 R eceived  A pril 16, 1923.
3 S up p lem en t form . B oard o f  A griculture (E n g lan d ), 17, 45  (1910).
3 “ T ech n ology  o f B readm ak in g,” p . 322.
* Ib id .,  p. 319; S u p p lem en t form . Board o f  A griculture (E n g lan d ), 

17, 52 (1910).
U . S .  D ept. A g r O f f i c e  o f  E x p t. S la ., B u ll.  101, 56.

6 A m erican In s titu te  of B ak in g, B u ll.  8 .
7 I b id .,  B u ll. 9.
s J .  A m . C hem . Soc ., 37, 1295 (1915).
* N ebr. Agr. E x p t. S ta ., Research B u ll.  8.

»» J .  A gr . Research, 13, 389 (1918).
"  J .  P h y s . Chcrn., 24 , 101 (1920).

With this equipment the 
sizes of the starch grains 
may be measured quickly 
and accurately.

It was found that the 
starch grains, when ex­
amined in this manner, 
could be grouped in two 
classes—those having diam­
eters of 7 microns or less, 

and those having diameters of 8 microns or more. To show 
the accuracy of the measurements Table I is included. It 
will be noted that only those grains which would be classed 
as large are included.

T a b l e  I — D ia m e t e r  o p  L a r g e  S t a r c h  G r a in s  in  M ic r o n s

S e t  1 S e t  2 S e t  3
18 14 12

8 22 16
24 16 8
12 32 24
24 '24 20
12 20 20
19 22 12
10 36 28
24 22 14
10 16 36
16 16 26
14 20 14
10 14 12
12 14 8
22 22 26
14 18 8
16 22 12
20 12 16
14 18 14
18 14 18
16 13 18
30 18 16
22 12 10
28 12 10
16 8 26
20 12 20
22 12 16
20 30 18
14 12 20

16 24
22 22

505 561 544
i 1 7 .4 1 8 .0 9 1 7 .5

In Tables II and III are given the data obtained in the 
examination of the seven samples of flour. Table II indicates 
the percentages of starch grains of different sizes as found 
in the samples. Table III shows the loaf volume, percentage 
of small grains, and the average size of all the grains in each 
sample of flour. The sizes are diameters of the grains meas­
ured in microns.

T a b l e  I I — P e r  c e n t  o f  S ta r c h  G r a in s  o p  D ip p e r e n t  S iz e s  in  S a m pl e

D iam eter  of Starch  
G rains in  M icrons 15 13 1 6  5 2 11

30 1 .0 0 0 .6 0 0 .9 0 1 .6 0 1 .9 0 2 .2 0 4 .0 0
25  to  29 0 .9 0 1 .0 0 2 .3 0 1 .6 0 1 .9 0 2 .2 0 2 .9 0
20 to  24 4 .5 0 3 .4 0 6 .0 0 3 .9 0 5 .4 0 9 .9 0 6 .9 0
16 to  19 5 .5 0 5 .5 0 5 .0 0 5 .5 0 5 .8 0 5 .7 0 6 .7 0
12 to  15 4 .0 0 2 .9 0 2 .8 0 2 .9 0 3 .1 0 1 .2 0 1 .3 0

8 to  11 0 .9 0 0 .5 0 0 .5 0 1 .8 0 2 .1 0 1 .0 0 0 .2 0
0 to  S 8 3 .2 0 8 6 .1 0 8 2 .5 0 8 2 .7 0 7 9 . SO 7 7 .8 0 7 8 .0 0

T a b l e  I I I — C o m pa r is o n  o p  L o a f  V o l u m e  w it h  P e r  c e n t  o f  Sm a ll  
G r a in s  a n d  A v e r a g e  S iz e  o f  A l l  G r a in s

Loaf Per cen t A verage S ize  of
S am ple V olum e Sm all A ll Grains

N o . Cc. Grains M icrons
15 1710 8 3 .2 0 6 .6 9
13 1640 8 6 .1 0 6 .7 6

1 1540 8 2 .5 0 7 .1 6
5 1400 8 2 .7 0 7 .7 2
6 1415 7 9 .8 0 6 .9 0
2 1310 7 7 .8 0 8 .2 1

11 1265 7 8 .0 0 9 .3 1
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D is c u s s io n

An examination of Tables II and III will show that there 
is a relationship between the sizes of the grains of starch 
and the strength of flour. With the exception of Sample 15, 
the flours fall in an order that would indicate that the greater 
the percentage of small grains the stronger the flour. Sample 
13, with a loaf volume of 1640 cc., has 86 per cent small 
grains. Sample 1 shows a loaf volume of 1540 cc., and 
82.50 per cent small grains. Sample 6 shows a volume of 
1415 cc. and 79.8 per cent small grains. Sample 11, with a 
volume of 1265, shows 78.00 per cent small grains.

A consideration of loaf volume with the percentage of 
small grains is not sufficient. By comparing Sample 1 with 
6, and 2 with 11, we find very little differences in the per­
centages of small grains. However, an explanation is offered 
when we take into consideration the average size of all the 
grains, and the percentages of grains of different sizes. Sam­
ple 1, with a greater loaf volume than Sample 6, shows only 
0.6 per cent of grains that are 30 microns or greater in di­
ameter, while Sample 6 has 1.6 per cent of grains of that size.

Again, Sample 2 shows a greater loaf volume than Sample 11. 
If the average sizes of all starch grains are examined, it will 
be found that the average size of Sample 2 is S.21 microns, 
while that of Sample 11 is 9.31 microns. Also, Sample 11 
shows 4 per cent of the grains having diameters greater than 
30 microns, while Sample 2 has 2.20 per cent. It is believed, 
then, that the size of the starch grains is a factor in deter­
mination of strength of flour, with the smaller grains in­
dicating the stronger flour.

In view of conflicting opinions in the literature with re­
gard to the action of various reagents on starch grains of 
different sizes, it is not so easy to give a reason for the fore­
going conclusion. It may mean that smaller grains indicate 
a better colloidal condition. The colloidal properties of the 
gluten have been held by Gortner and Doherty10 and others 
to be an important factor in the determination of strength of 
flour. It may be that the properties of the starch simply 
reflect the conditions under which the various constituents 
of the wheat berry were formed. Further work is now in 
progress to determine this point.

Quantitative Aspects of the Kreis Test1
By George E. H olm  and George R. Greenbank

D a iry  D iv is io n , U S. D e p a r t m e n t  ok A g r ic u l t u r e , W a s h in g t o n , D . C.

OF ALL the methods 
that have been pro­
posed for the detec­

tion of rancidity in fats, 
none has proved of greater 
value than the phlorogluci- 
nol-hydrochloric acid test 
first studied by Kreis.

Many objections to the 
use of this test have been 
raised. Winckel2 objected 
to it because it is not spe­
cific for aldehydes and ke­
tones found in rancid fats, 
because the depth of color 
produced is not proportional to the degree of rancidity, and 
because the test is too delicate. Kerr3 ascribes the failure 
of its widespread application to (a) confusion of ideas as to 
exactly what is meant by rancidity, and (6) the fact that when 
a fat has become rancid its condition is so clearly evident that 
no chemical test is needed to recognize it. In his work he 
found that (a) all rancid fats give the Kreis test roughly 
but not in proportion to the rancidity, and (6) sweet fats 
do not give the Kreis test—except, in a few cases, cottonseed 
oil. He also agrees with Winckel that the test is too delicate 
and not specific.

Confusion with regard to the status of the Kreis test has 
been due to the fact that those factors concerned in the 
production of rancidity and those factors involved in produc­
ing the test are not well understood. Quantitative data 
are therefore lacking.

Rancidity has been ascribed to an oxidation process, and 
the observation that the presence of air favors the develop-'

1 P resented  before th e D iv is ion  o f A gricultural and F ood  C hem istry  
a t  th e 65 th  M eetin g  o f th e A m erican C hem ical S o c ie ty , N ew  H aven , C onn., 
A pril 2  to  7, 1923.

' Z . N a h r . G cnussm ., 9, 00 (1905).
» T h is  J o u r n a l , 10, 471 (1918).

ment of rancidity has been 
confirmed by numerous 
workers. Wagner, Walker, 
and Ostermann4 claim, 
however, that rancidity 
can be produced by light in 
the absence of air.

That air, and especially 
oxygen, is a factor in the 
production of rancidity8 of 
fats or tallowiness in but- 
terfat has been shown in the 
work of the authors. But- 
terfat exposed to the action 
of oxygen will soon lose its 

color and give simultaneously a strong Kreis test, and will 
liberate iodine from potassium iodide in proportion to the 
amount of oxygen taken up. These and other tests upon the 
product substantiate the views of Winckel and of Vintelesco 
and Popesco that peroxides are formed. Oleic acid and 
triolein acted upon by oxygen give the same characteristic 
tallowy or rancid odor and the Kreis and iodine liberation 
tests. These experiments furnished only a qualitative basis 
for comparison of two fats. Fats were therefore studied quan­
titatively with reference to the amount of oxygen absorbed.

E x p e r i m e n t a l

A gastight stirrer was fitted into a flask containing a 
weighed amount of fresh, dry butterfat. This flask, con­
taining an inlet and an outlet tube, was evacuated and filled 
with oxygen from a gas buret. The flask was kept at a 
constant temperature and the stirrer run at high speed, 
and the volume of oxygen absorbed was noted from time 
to time. The induction period varied with the freshness 
of the sample of fat. With fresh butterfat this period was

* Z . N a h r. C en u ssm ., 25, 704 (1913).
* T he term  ran cid ity  as used th rou ghou t th is  paper excludes h yd ro ly tic  

changes in the fats.

The intensity of the K re is test of samples of an oxidized fa t is 
proportional to the amount of oxygen it has absorbed; or, the amounts 
of fa t  necessary fo r equivalent color intensities arc inversely pro­
portional to the volumes of oxygen absorbed.

The intensity of the K re is test is not proportional to the rancidity 
or tallowiness of a fa t. A  rancid fa t w ill give the K reis test, but 
m any fa ts that have absorbed large quantities of oxygen show only 
fa in t traces of rancidity, or none, yet give intense K reis tests. Some 
evidence is found to indicate that oleic may be the only unsaturated 
acid in fa ts  that gives the K reis test when autoxidized.

Absorption of free oxygen is not necessary for the production of 
K reis test by a fa t. Exposure of a fa t to light without the presence 
of free oxygen produces a change which causes a K reis test.
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approximately 3 hours, with lard approximately 1.5 hours, 
etc. Older samples showed shorter induction periods. 
Samples were withdrawn through the outlet tube at regular 
intervals and various tests were performed.

In order to determine the amounts of fat necessary to give 
Kreis tests of equal intensity, a small amount of each sample 
was weighed into a small flask and dissolved in a definite 
volume of ether. Trial tests were made with varying amounts 
of each sample until the amounts were ascertained which 
gave equivalent colors with the Kreis phloroglucinol reagent. 
Prior to the test the ether contained in each tube was evap­
orated by placing the tube in a water bath kept at 40° to 
50° C.. since it was found that the absence of ether gave 
more clear-cut results. The volumes of solution of the sam­
ples used for each test ranged from 3 cc., with fats but slightly 
oxidized, to 0.10 cc., or less in the case of highly oxidized 
fats. The amount of hydrochloric acid used in each case 
was 1 cc. As a rule the best results were obtained when the 
amount of fat used in each test ranged from 0.10 to 0.50 
gram.

The iodine liberation test was carried out by ascertaining, 
in the usual way, the amount of iodine liberated from a 
slightly acidified potassium iodide solution by 1 gram of fat 
in 24 hours.

The results obtained upon pure butterfat are found in 
Table I.

T a b l e  I — T h e  P r o p e r t iu s  o p  a D ry  B u t t e r p a t  (400 G r a m s) T h a t  
H as  A b s o r b e d  Va r io u s  A m o u n t s  o p  O x y g e n  a t  9 5 °  C .

Iod in e K reis T est
L iberated A m ou n t

A cid ity from K I in N ecessary K .
N / 14 24 H ours for E q u iv ­ K . B asis

O xygen HC1 per b y  1 G ram alen t Color A m oun ts of 100
A bsorbed 5 G. Iod in e of F a t In ten sities F a t  X  Vol. Grams

Cc. C c. N o . G. G. O xygen F at
0.00 0 .5 2 3 1 .5 0 N eg a tiv e
5 .0 0 0 .8 8 3 1 .4 4 0 .2 0

300 0 .9 0 3 0 .4 2 0iÔÔÔ6 0 .0 1 4 4 .2 0 1 ’05
500 1 .0 5 3 0 .8 0 0 .0 0 1 0 0 .0 0 9 0 4 .5 0 1 .2 5
800 1 .6 5 2 9 .1 8 0 .0 0 1 7 0 .0 0 5 5 4 .4 0 1 .1 0

1100 2 .0 0  * 2 S .7 0 0 .0 0 2 6 0 .0 0 3 8 5 4 .2 3 1 .0 6

The results shown in this table indicate that in the autox-
idation of butterfat there is an increase in the acidity and a 
decrease in the iodine number. The liberation of iodine 
from potassium iodide was found to be a slow reaction, but 
was found to be a comparative measure of oxidations when 
carried out under similar conditions.

The relation of acidity to oxidation will be discussed in 
another publication.

With regard to the tests mentioned, it is evident that neither 
the iodine number nor the iodine liberation test is sensitive 
enough to detect small changes through oxidation. The 
intensity of the Kreis test, however, was found to be very 
marked with small changes in oxidation. Furthermore, 
the color intensity is directly proportional to the amount of 
oxygen absorbed by a fat; or, the amount of a fat necessary to 
give equivalent colors with the Kreis reagent is inversely pro­
portional to the amount of oxygen absorbed, up to a certain limit. 
The rigidity of this proportionality is shown by the figures 
obtained by the products of the oxygen absorbed and the 
amount necessary to give the chosen color intensity in each 
case. Where tests are carried out at various times and where 
a standard with a fat is difficult to maintain, a methyl red 
standard at pH 4.8 has been found very convenient for pur­
poses of comparison. Knowing the direct relationship be­
tween oxygen absorbed and the Kreis test, it is possible to 
calculate that in the case of a butterfat that has absorbed 1 cc. 
of oxygen per gram of fat, 11 mg. are necessary to produce 
such a color intensity. In case of a fat having absorbed 1 cc. 
per 100 grams, 1.10 grams should give this intensity. The 
sensitiveness of the Kreis test and its strict quantitative 
relationship to the oxygen absorbed make it an exceedingly

good measure of the oxygen absorbed, other changes being 
excluded.

Lard contains a high percentage of unsaturated fatty 
acids, not oleic. Treating a fresh sample of lard under 
conditions similar to those used in Experiment 1 on butterfat, 
it was again found, as shown in Table II, that the intensity 
of the Kreis test upon samples of oxidized lard W'as propor­
tional to the amount of oxygen absorbed.

It is noted, however, that for equivalent amounts of oxygen 
absorbed by butterfat and lard per 100 grams of substance 
the amount of oxidized lard necessary to give a Kreis test 
of a certain intensity is greater than the amount of oxidized 
butterfat.

T a b l e  I I — R e l a t io n  o p  I n t e n s it y  o p  K r e is  T e s t  t o  A m o u n t  o p  Ox y g e n  
Ab s o r b e d  b y  450  G ra m s  o p  L a rd  a t  9 5 °  C .

K reis T est  
W eigh t o f F a t K . K \N ecessary  for C c. of O xygen A b­ Basis

E q u iv a len t Color sorbed X W eight of 100
O xygen A bsorbed In ten sities for E q u iva len t Gram s

Cc. • G. Color F a t
90 1 .0 0 9 0 .0 0 2 0 .0 0

180 0 .6 0 1 0 8 .0 0 2 4 .0 0
360 0 .2 5 9 0 .0 0 2 0 .0 0
540 0 .0 7 5 4 0 .5 0 9 .0 0

According to Lewko wit sell0 approximately 49 per cent of 
the acids in lard is oleic acid, 10 per cent is linolic acid, and a 
small fraction is perhaps linoleic. Butter,7 on the other 
hand, contains 36 per cent of its acids as oleic acid, and has 
no other unsaturated acids, as far as known. It will be 
shown later that the absorption of oxygen by oleic acid 
does produce compounds that give the Kreis test in a ratio 
approximately equal to that of butterfat. In view of this 
fact the foregoing table for lard W’ould tend to show that the 
oxygen absorbed by lard in this case was taken up largely 
by the unsaturated linkages not oleic, and that this ab­
sorption does not give rise to compounds which produce a 
Kreis test. Unfortunately, no linolic or linoleic acid wras on 
hand, so that it could not be definitely determined w’hether 
or not oxygen absorption by these acids produces compounds 
capable of giving a Kreis test.

It is extremely important to note here, however, that in 
no sample used was there more than the slightest trace of 
rancidity, even after an absorption of 180 cc. of oxygen in 
450 grams of lard. If oxidized oleic acid is responsible for 
the rancid odor in oxidized butterfats, we must assume that 
in this case unsaturated acids other than oleic are largely 
involved.

The idea that there can be autoxidation without any 
noticeable rancidity was contrary to all general belief, and 
for this reason various other fats and oils were autoxidized 
and tested. No quantitative results were obtained upon 
these oils. Cottonseed oil, W'hich gave practically no Kreis 
test, when autoxidized gave the Kreis test in increasing in­
tensity but show'ed only a trace of a characteristic rancid 
odor. This may explain why sweet cottonseed oil will at 
times give a Kreis test. It is possible that oxygen may be 
absorbed without a proportional formation of compounds 
that give a rancid odor, but with a formation of those 
compounds that give the Kreis reaction.

Olive oil, which contains practically 93 per cent of its 
liquid acids as oleic acid, and 7 per cent as linolic, was next, 
tried, with similar results.

These results indicate conclusively that for a fat the 
intensity of the Kreis test is proportional to the oxygen ab­
sorbed and is a measure of oxidation, but has no direct quan­
titative relation to the degree of rancidity as measured by the 
olfactory senses. That there is no direct quantitative re-

6 “ C hem ical T ech n o logy  and A n alysis  o f O ils, F a ts , and W axes,"  l l h 
3rd ed ., p. 780.

 ̂ Ib id .,  I I ,  3rd ed ., p . 833.
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lation may also be shown by absorbing in 110 grams of butter­
fat 10 cc. of oxygen and comparing this product with 100 
grams of butterfat to which have been added 10 grams of 
butterfat which has absorbed 10 cc. of oxygen. The former 
will show tallowiness and a Kreis test, while the latter will 
give a Kreis test of the same intensity but will show little or 
no tallowy odor, which shows that as oxidation progresses 
tallowiness and the Kreis test are not developed propor­
tionally. Preliminary tests have shown that mixtures of 
heptylic aldehyde and pelargonie acid added to fresh fat will 
■produce a condition very similar to tallowiness of butterfat 
or rancidity of 'many fats. These compounds and other 
decomposition products of oxidized fats are undoubtedly 
the cause of the rancid odors, but neither of the two com­
pounds mentioned above give the Kreis .test. As oxidation 
progresses, therefore, it seems that the compounds giving 
the tallowy odors are not formed in stoichiometric ratio 
to the compounds that give the Kreis test. It is possi­
ble that as they are formed they are in some cases sub­
sequently destroyed, or that various unsaturated compounds 
give different decomposition products.

That the oleic acid radical is one constituent that may be 
concerned in the oxidation and formation of products which 
give the Kreis test, is shown in the following experiment, 
wiiere oleic acid was autoxidized.

T a b l e  I I I — R e l a t io n  o f  I n t e n s it y  o p  K r e is  T e st  to  Am o u n t  o p  O x y g e n  
A b s o r b e d  by  300 G r a m s  o f  Ol e ic  Ac id  a t  5 0 °  C.
(S tandard  eq u iva len t = pH  4 .8  w ith m eth yl red)

K reis T est
A m ou n t N eces­ K .
sary for E q u iv ­ W eigh t of K .

O xygen a le n t Color F a t  U sed X A m ount On B asis of 100
A bsorbed In ten sities of O xygen G ram s of Oleic

Cc. G . A bsorbed Acid
60 0 .0 7 6 4 .5 6 1 .5 2
90 0 .0 5 0 4 .5 0 1 .5 0

130 0 .0 3 8 4 .9 4 1 .6 3
175 0 .0 2 7 4 .7 2 1 .5 7
475 0 .0 1 0 4 .7 5 1 .5 8

As in the case of the fats and oils tried, the intensity of 
the Kreis test is proportional to the oxygen absorbed. Under 
the conditions under which the experiment w'as carried out 
there is no direct ratio between the intensity of the tests 
with butterfat and lard as compared with their oleic acid 
content when the unit of oxygen absorbed is the same per 
gram weight of fat. Two samples of the same fat autoxi­
dized may or may not give equivalent wreights for the same 
intensity of Kreis test when equivalent amounts of oxygen 
have been absorbed. It has been noted, however, that traces 
of water present affect the course of the reaction, and it is 
probable that if all fats tried were absolutely dry wiien autox­
idized a definite ratio W'ould be obtained between the Kreis 
tests and some one constitutional property of the fats.

Kerr8 states that rancidity “can be absolutely prevented 
by the exclusion of oxygen.” The contention has been made, 
by a few workers, however, that oxygen is not necessary for 
the production of rancidity, and this agrees with some 
further observations that the writers have made. Certain 
fats when sealed in a vacuum and exposed to sunlight will 
become rancid and will give a Kreis test. Some fats after 
prolonged storage without access of light have shown similar 
properties. It is improbable that the reaction which occurs 
in  vacuo is identical with that which takes place when pure 
■oxygen is absorbed. Properties of the color formed with the 
Kreis reagent indicate this.

Since the change that occurs in a fat that is stored in vacuo 
without access of light is very slow', and since few' fats are 
subjected to the action of light at any time in their handling, 
it is doubtful if any slight action from this cause will have 
any bearing upon the Kreis test as previously discussed.

» Cotton O il P ress , 5, 45 (1921).

Detailed experimental w'ork upon the nature of the reaction 
in fats stored in vacuo in sunlight will be the subject of another 
publication.

D i s c u s s i o n

The experiments upon tlie oxidation of butterfat and lard 
reported here W'ere carried out at 95° C., and consequently 
the question might be raised whether the reactions at this 
temperature would be comparable with reactions occurring at 
lower temperatures. Because of.the time required for these 
autoxidation reactions at lower temperatures, it is not 
feasible to use these temperatures. Experiments carried 
out at 50° C. furnished results that were in good agreement 
with those reported. Results upon oleic acid at 95° C. 
agree w'ell with those reported for 50° C.

The constants obtained for butterfat, lard, and oleic acid 
are of no great comparative value as they stand. They serve 
to indicate, however, that oleic acid will give the Kreis test 
in proportion to the amount of oxygen that it has absorbed. 
The results upon lard would indicate that some acid radical 
or radicals present in this substance will not give the Kreis 
test when it absorbs oxygen. Assuming that the Kreis test 
that is produced when lard is oxidized is due to oxidation of 
the oleic acid radical, we might conclude that oxidation of 
linolic or linoleic acid radicals produces no compounds that 
are capable of giving the Kreis test. While the evidence 
points strongly that way, it can be determined with certainty 
only when these compounds are subjected to oxidation and 
the products are tested.

It is significant to note, however, that in all experiments 
which have been carried out, no case has been noted where 
there has been appreciable oxidation without giving a Kreis 
test. This w'ould indicate that, wiiatever the acid radicals, 
in addition to oleic, that give rise to the Kreis test, they oxi­
dize simultaneously with other unsaturated radicals that do 
not give the test. The fundamental nature of the reactions 
is evidently the same and the autocatalyst for one is also a 
catalyst for the others.

This observation makes it quite certain that the Kreis 
test is always a good measure of the degree of oxidation w'here 
at least one radical is present which is capable of producing 
it under such conditions. This is especially true with butter- 
fat, since the oleic acid radical is probably the only unsatu­
rated radical present. In the case of this fat the test has 
been used with success to follow' oxidation changes during 
storage.

Carbon Tetrachloride Fire Extinguishers
According to tests made at the Pittsburgh Experiment Station  

of the Bureau of M ines relative to the hazards to fire-fighters 
from gases and smoke resulting from the application of carbon 
tetrachloride extinguisher to electric arcs, burning insulation, 
or fires such as m ay occur in electrical apparatus and machinery, 
it  was found that the application o f 1 cubic foot of fire extinguisher 
to electric arcs and burning insulation in a chamber of 1000  cubic 
feet capacity developed phosgene, chlorine, and hydrogen chlo­
ride in quite dangerous concentrations. Carbon tetrachloride 
vapors, sulfur dioxide, and carbon monoxide were also formed in 
less dangerous concentrations.

These tests confirm conclusions drawn from previous tests by 
the Bureau of M ines that it  is dangerous to breathe the gases 
that may be generated from a 1-quart carbon tetrachloride ex­
tinguisher applied to a fire in a confined space from which es­
cape is difficult or impossible, and from which the gases would 
not be removed by ventilation.

So far as is known, carbon tetrachloride extinguishers are the 
m ost effective and satisfactory of any that can be applied to elec­
trical fires with safety from shock to  the operator. Arcs of 60 
amperes direct current and 220 volts and 35 amperes and 500 
volts were easily extinguished with a 1-quart carbon tetrachloride 
fire extinguisher.
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Formation of Formic Acid by Caramelization of 
Cane Sugar1
By Stephen G. Sim pson

M a s sa c h u s e t t s  I n s t it u t s  o p  T e c h n o l o g y , C a m b r id g e , M a s s .

F io . 1— P r o d u c t io n  ok  F o r m ic  A cid  fr o m  C a n e  S u g a r  b y  H e a t in g  
at  D e f in i t e  T e m p e r a t u r e s  f o r  V a r y in g  I n t e r v a l s  o f  T im e

THE detection and de­
termination of for­
mic acid has in the 

last few years played an 
increasingly important part 
in the analysis of food prod­
ucts. The fact that small 
amounts of the acid inhibit 
bacterial growth makes it 
an efficient preservative, 
and cases have been cited2 
where it has been so used in 
commercial products. It 
has been shown that formic 
acid is also a natural con­
stituent of some foodstuffs. Seeker,2 for example, finds in 
jams, sirups, and other similar foods amounts of formic acid 
ranging from 0.0009 to 0.0130 per cent, and in dark beers 
and ales containing considerable caramel3 amounts from 
0.0010 to 0.0040 per cent. Whether or not formic acid is a 
natural constituent of honey, has been the subject of con­
troversy, although Fincke,4 Farnsteiner,5 and Heiduschka 
and Kaufmann6 have shown that the amount present is in 
any case less than 0.02 per cent. Kingzett and Woodcock7 
have shown that formic acid is produced by the slow oxi­
dation of some terpenes, which would lead to the possibility of

1 R eceived  M ay  16, 1923.
2 Seeker, J .  Assoc. O fficial A gr. C hem ., 1, 210 (1915).
» Ib id .,  1, 556 (1916).
4 Z . N a h r . G enussm ., 23. 255 (1912).
> Ib id .,  15, 59S (1908).
‘ Ib id .,  21 , 375 (1911).
» Chem . N ew s, 105, 26 (1912); J .  Soc.

traces being found in prod­
ucts flavored with essen­
tial oils, and this has been 
verified experimentally by 
Seeker. Apparently, food 
products which in their 
preparation have been 
heated sufficiently to cara­
melize the carbohydrates 
they contain, show com­
paratively high percentages 
of formic acid. Thus, See­
ker2 finds in coffee extracts 
amounts of formic acid 
from 0.060 to 0.111 per 

cent calculated on the original coffee, and in samples of 
caramel amounts up to 0.602 per cent. Similar high values 
were obtained by the writer, and the values listed below 
show the effect of caramelization on the formic acid content 
of a few common commercial products.

Form ic Acid  
Per cen t

C offee, u n roasted ......................................................................................  0 .0 0 0
C offee, ro a sted ............................................................................................  0 .2 2 1
C ane su g a r .................................................................................................... 0 .0 0 0
S ta rch .............................................................................................................  0 .0 0 0
In v ert sugar s iru p ..................................................................................... 0 .0 2 6
C aram el.........................................................................................................  0 .4 0 4
O atm eal, ch arred ....................................................................................... 0 .0 5 7
W h eat bran, ch arred ............................................................................... 0 .0 6 2

Since formic acid may be added to a food product as a pre­
servative, and since in other food products it occurs naturally 
through caramelization of the sugars contained therein, it 
becomes of considerable importance to determine the exact 

of temperature and time of heating which will

The numerical results given in this article indicate that (I )  form ic  
acid is produced in considerable quantities by the caramelization of 
sugar; (2) the amount of form ic acid produced is governed by the 
extent of the caramelization, ulhich in turn is determined by the 
temperature and time of heating; (3) food products which have not 
been healed above 160° C. should have produced no appreciable 
amounts of form ic acid by caramelization of sugar; (4) knowing the 
conditions of temperature and time of heating in the preparation of a 
food product of known sugar content, the amount of form ic acid which 
should be present due to caramelization can be approxim ately esti­
mated.

Work is being continued with respect to starches and other carbo­
hydrates occurring in food products.

F ig . 2 — C o n d it io n s  o f  T e m p e r a t u r e  a n d  T im e  R e q u ir e d  fo r  t h e  
P r o d u c t io n  o f  D e f i n it e  P e r c e n t a g e s ' o f  F o r m ic  A cid  

( I n t e r p o l a t e d  fr o m  F ig . 1)
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cause the natural formation of formic acid, and to determine 
the amounts thus formed under these varying conditions. 
Knowing the conditions of time and temperature under which 
a food is prepared, it should be possible in many cases to 
make use of such data to determine whether or not any formic 
acid which may be found in the product has been added as 
such, or has been formed by natural changes.

E x p e r i m e n t a l

Samples of cane sugar, 10.0 grams in each case, were heated 
in loosely stoppered tubes in an oil bath under varying tem­
peratures and for varying lengths of time. The samples thus 
prepared were analyzed for formic acid by the Fincke method,8 
which, in brief, consists in steam-distilling 100-cc. solutions 
of the samples to which 2 grams of tartaric acid have been 
added. The volume of the sample solution is kept constant 
by auxiliary heating, and in no case is the'volume allowed 
to decrease appreciably. The vapors are passed through 
a suspension of calcium carbonate in water and thence through 
a condenser so that the volume distilled can be determined. 
After 1500 cc. have been condensed, the calcium carbonate 
suspension is filtered, the filtrate faintly acidified with hydro­
chloric acid and boiled 2 hours under a return condenser with 
5 to 25 cc. of a solution containing 10 per cent mercuric 
cliloride, 10 per cent sodium chloride, and 15 per cent sodium 
acetate. The precipitated mercurous chloride is filtered on a 
Gooch crucible, washed, dried, and weighed. The conversion

* Z . N a h r . G enussm ., 21, 1 (1911); 22, 88 (1912); 23, 255 (1912); 2S, 
386 (1915); B iochcm . Z .,  61, 253 (1913).

factor is 0.0975. The results are corrected for a “blank” 
on the reagents by carrying them through a distillation under 
conditions identical with the analysis itself.

The values obtained for the caramelized samples of cane 
sugar are listed in the table, and are also expressed graphically 
in Figs. 1 and 2.

T im e of A ppearance
nperature H eating of Sugar *---- Form ic A cid-----%

° C. M in. after Heating«* M g. %
145 20 B 0 .0 0 .0 0 0

120 B -C 0 .6 0 .0 0 6
167 20 B 0 .0 0 .0 0 0

35 B -C 0 .0 0 .0 0 0
SO F-G 4 .9 0 .0 4 9

180 20 E -F 0 .8 0 .0 0 8
50 G 6 .1 0 .0 6 1

185 10 B 0 .0 0 .0 0 0
20 F 1 .3 0 .0 1 3
30 G 4 .0 0 .0 4 0
50 I I 1 1 .9 0 .1 1 9

190 10 B 0 .1 0 .0 0 1
20 F-G 4 .3 0 .0 4 3

195 10 E 0 .4 0 .0 0 4
20 G 6 .3 0 .0 6 3
30 I I 1 6 .6 0 .1 6 6
45 I I 3 3 .7 0 .3 3 7

205 5 C 0 .0 0 .0 0 0
10 F 4 .8 0 .0 4 8
15 G 6 .1 0 .0 6 1
20 G -H 2 3 .1 0 .2 3 1
45 I I 5 1 .8 0 .5 1 8

220 10 H 1 3 .5 0 .1 3 5
20 I I 4 0 .1 0 .4 0 1

243 5 G - H - 1 6 .0 0 .1 6 0
20 H 5 0 .0 0 .5 0 0
30 I I 5 4 .8 0 .5 4 8

aA  =* Sugar unchanged  
B  =  S ligh tly  yellow  b ut granular 
C  — Superficially m elted  
D  =  E ntirely  m elted , light yellow
E  =* Entirely m elted , deep yellow
F  =» E n tire ly  m elted , light brown
G  =  E ntirely  m elted , dark brown
H  — E n tire ly  m elted , b lack

Chemistry of W ood1
VI—The Results of Analysis of Heartwood and Sapwood of Some American Woods

By G. J. Ritter and L. C. Fleck

F o r b s t  P r o d u c t s  L a b o r a t o r y , U . S . F o r b s t  S e r v ic e , M a d is o n , W is .

THIS report contains the results obtained in the analy­
sis of heartwood and sapwood of ten American woods. 
The work was undertaken to determine whether there 

is any uniform difference in chemical composition between 
sapwood and heartwood in either softwoods or hardwoods.

The methods of analysis used are the same as given in the 
preceding paper in this series.2 All determinations were 
made in duplicate and the average is given in Table I.

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

A s h  C o n t e n t —There is no general agreement in the rel­
ative ash content of sapwood and heartwood in the species 
examined.

E x t r a c t i v e  C o n t e n t —In general, the extracts of ether, 
cold water, hot water, and 1 per cent sodium hydroxide are 
lower in the sapwood than in the heartwood of the softwoods. 
In the hardwoods the extractives are lower in the sapwood 
than in the heartwood of yellow birch, white oak, and yellow7 
poplar, but the reverse is true of white ash and pignut hick­
ory. Thus, from the standpoint of extractive content in 
sapwood and heartwood, the hardwoods analyzed are di­
vided into two classes—one class following the order of the 
softwood, the other following the reverse course.

1 Presen ted  before th e D iv is ion  of C ellu lose C hem istry  a t  th e 65th  
M eetin g  o f th e  A m erican C hem ical S o c ie ty , N ew  H aven , C onn ., April 2 
to  7 , 1923.

* T h is  J o u r n a l , 14, 1050 (1922).

A c e t i c  A c m —The acetic acid obtained by hydrolysis is 
higher in the sapw'ood than in the heartwood of both classes 
of woods.

M e t h o x y l  C o n t e n t —The relative percentages of meth- 
oxyl in the sapwood and heartwood of the species analyzed 
cannot be arranged in any general order.

P e n t o s a n  C o n t e n t —There is a tendency toward higher 
yields of pentosans in the sapw'ood than in the heartwood of 
the species examined. The difference in yields, however, is 
slight.

M e t h y l  P e n t o s a n  C o n t e n t —The methyl pentosan con­
tent in sapw’ood and heartwood of the same class is quite 
uniform.

C e l l u l o s e  C o n t e n t —For the relative cellulose content 
of sapwood and heartwood, the species analyzed, with the 
exception of yellow poplar, are grouped in a manner similar 
to that for extractives. All the softwoods examined have 
higher cellulose yields in the sapwood than in the heartwood. 
This tends to counterbalance the low extractives in the sap- 
wood. One hardwood group, yellow birch and white oak 
with high extractives in the heartwood, has high cellulose 
content in the sapwood. The other group of hardwoods, 
white ash and pignut hickory with high extractives in the 
sapwood, has high cellulose content in the heartwood. The 
results obtained from the two yellowr poplar samples, which 
are an exception to the foregoing scheme of grouping, can be 
explained by referring to the condition of the samples.
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T a b l e  I - -An a l y s e s  o p  S a pw o o d  a n d  H e a r t w o o d  o p  S o m e  A m e r ic a n  W oods 
(R esu lts  in  p ercen tage o f oven -d ry  (105° C .) sam ples)

M ois- 
S am p le  ture

/ So l u b il it y  in  * M eth y l
C old H o t 1%  A cetic  P en to - P en to - C ellu- P en to-

A sh W ater W ater E th er  N aO H  A cid  M eth o x y l san  san  lose L ign in  san

179 5..34 0.,61 5 .81 6 .41 1 .17 21 . 77 3..23 4 .7 0 19. 85 2 ..40 50. 38 26..95 18. 83 1 .60 74.,67 13,,67 11.,66
180 5,.45 0. 30 2,,24 3 .40 0 .43 19. 59 2..31 5 .3 6 19. 90 2, 25 53. 56 27. 39 16. 75 1 ,34 64,, 68 24, 58 10..84
181 4, 91 0 . 57 5, 25 7,,02 0..88 2 1 . 93 3,,70 5 .6 6 2 0 . 16 2..63 49 . 72 27. 39 19. 67 1 .60 55 .11 28 29 16, 50
1S2 7 .,42 0. 32 2 .12 4 .46 0,.46 IS . 97 2..66 5 .2 0 19. 87 2 ,,46 53. 40 28. 38 17. 34 1,.47 42,,45 33.,22 24..33

187 4 . 30 0 . 48 1.,29 1..98 0..27 -16. 74 3 .12 5 .8 1 IS . 37 3..28 58. 13 23..08 15.,52 2 .21 50 .13 30 .74 19..13
188 3 ..79 0 . 39 1,,50 2 ,08 0,,43 17. 70 2,. S9 5 .8 6 18. 47 3 .11 59. 57 22,,19 14 97 2 .40 61 .30 20 .20 18..50
189 3 . 79 O. 36 1..45 2 ,51 0 ,,13 16. 91 3. 33 5 .8 9 18. 82 1. 22 58 . 02 23. 86 19, 01 0 .78 34 .32 4 8 .52 17,,16
190 3 . 88 0 . 33 1.,45 2,.89 0 .,58 17 . 57 2. 73 6 .0 3 19. 08 1. 13 59 . 47 23 . 69 17. 83 1,.47 36 .67 42,.75 20..58

191 3. 54 0 . 40 4.,91 6.,45 0 . 29 19. 11 3.,58 5 .5 6 18. 18 1 11 56. 08 21.,87 16. 90 1,.30 51 .55 21 .92 26..53
192 3 . 90 0 . 45 2,,07 2 ,95 0 ..36 15. 10 3.,08 5 .7 9 18. 64 1.,02 58 . 81 22.,85 16.,20 1 .39 59 .44 23 .74 16,.82

207 4 . 92 0 . 26 1,,05 1 .98 0..48 16. 77 2,,34 5 .6 6 2 1 . 36 1 .66 58. 91 24,,69 20.,72 1 .13 52 .15 32 .90 14,.45
208 4 . 76 0 . 40 4..16 5 .69 0,.81 2 0 . 51 1.,78 5 .4 6 20 . 37 1.,39 56. 88 24. 62 21 ,87 1 .1 2 61 .17 23 .23 15,.60
213 4 . 28 0 . IS 1. 74 2.,10 0 . 88 19. 78 3. 75 5 .4 7 2 2 . 30 1,,82 56 . 57 27. 76 22, 19 1 .71 52 .40 26 ,82 20 .78
214 4 . 36 0 . 23 2. 76 3,,96 0 ..99 2 1 . 14 2.,83 5 .2 7 2 3 . 21 1.,07 54. 93 28..13 21, SI 1 .04 53 .56 25 .00 21,.44

209 7 . 71 0 . 57 2.. 55 4 ,,11 0 .,46 2 1 . 11 3. 44 5 .9 5 23 . 25 0. 90 4 9 . 53 32. 34 24. 74 0 .88 68 .07 15 .27 16 .66
210 7 . 70 0 . 43 7.,33 10 .15 0..71 25 . 81 2,,59 6 .1 8 21 . 82 1,.57 48 .,68 32, ,74 24..22 0 .58 67 .33 11 .84 20,.S3
211 7. 09 0 . 37 4. 27 5..73 0..65 2 1 . 69 2..47 6 .0 2 21 . 72 0 .,94 53. 18 31..14 24..SI 1. .20 53 .81 22 .63 23 .56
212 6 . 99 0 . 42 4.,76 6..60 0 .,62 2 2 . 67 2. 97 5 .6 4 2 2 . 08 0 ..91 52. 12 31..30 24..54 0 .96 52 .96 20 .41 26,.63

183 4 .72 0 ,48 0 .7 2 1 .42 0 .23 8.,55 0 .77 4 .3 5 8 ..03 4 .38 54,.86 35 .01 6 .25 1 .8 5 76 .09 5 .9 3 17 .98
184 5..30 0.,30 2 .79 2 .99 4 .87 10. 59 0 .48 3 .9 4 '6, 67 4 .49 53..10 33,.06 5,.84 1 .8 0 76^.83 3 .94 19 .23
185 6. 72 0 . 86 1..76 2 ,30 2 .80 10. 63 0..65 4 .9 9 .9 . 23 3 34 50.,94 35,,31 5..89 1 .65 58 .18 26 .91 14,.91
186 4 . ,72 0.,95 3 .27 3 .49 7. .93 13. 56 0,.29 4 .0 7 7 . 88 3 .36 49 .,18 32,.27 6.,33 1 .2 5 57 .38 24 .7 5 17 .87

193 3. 90 0. 23 3 , 55 5 .15 5 .46 17. 16 1,.68 4 .1 6 9 . 31 2 .14 54,,25 26 .51 6,,81 2 .0 9 54 .56 17 .47 27 .97
194 2 . 92 0 . 42 5..97 7,.68 3..62 19. 15 1..43 4 .6 0 S. 56 1,.00 50. 23 26..14 7,,12 2 .0 2 57 .2 9 22 .4 2 19 .29

195 3 . 97 0. 28 2 .13 3 ,41 1 .00 11. 72 2 .05 4 .4 0 8 . 47 1,.75 58..12 29,,03 7,,60 2 .44 54 .61 26 .5 9 18

0CO

196 4 . 00 0 . 18 2..88 4 ..12 1.,32 12. 77 1.,53 4 .8 1 8 . 69 1..85 56. 08 28,.73 7,,78 2 .7 3 20 .17

197 5 . 59 0 . 64 2. IS 2,,82 11. 02 1. 17 5 .0 7 11. 61 0 94 55. 77 29, 85 10 35 1 .77 73 .7 8 0 .9 9 25 .23
198 6 . 39 0 . 21 1. 94 3.,22 11. 41 0. 84 5 .0 0 10. 79 1. 72 55 . 19 31.,39 8 . 52 1 .58 61 .47 22 .23 16 .30
199 6 . 02 0 . 48 3. 02 3, 90 l ! 44 12. 71 1. 11 5 .2 3 10. 82 1,,16 55 . 02 32. 14 8 . 95 1 .28 69 .17 14 .04 16 .79
200 6 . 48 0 . 27 2. SO 4 . 01 1. 87 14. 14 0 . 74 5 .0 9 10. 36 1.,56 54. 42 32,,42 7.,97 1 .32 55 .2 2 24 .74 20 .04

205 6 . 46 0 . 47 1.,92 2. 97 0 . 67 11. 16 1. 33 5 .9 5 12. 08 0 ,45 49 . 09 34. 73 10 ,14 1 .24 50 .69 12 .98 36 , 33
206 7 . 27 0 . 30 4 . 74 7. 08 4 . 78 19. 99 0 . 68 6 .2 1 12. 04 0 ., 56 4 4 . 53 33.,67 11.,68 1 .31 66 .62 11 .05 22 .33

S p e c ie s  
W h ite  ash:

N o . 2  sapw ood  
N o . 2 heartw ood  
N o . 3 sapw ood  
N o . 3 heartw ood  

Y ellow  poplar:
N o . 1 sapw ood  
N o . 1 heartw ood  
N o . 2 sapw ood  
N o . 2 heartw ood  

P ign u t h ickory:
N o . 1 sapw ood  
N o . 2 heartw ood  

Y ellow  birch:
N o . 1 sapw ood  
N o . 1 heartw ood  
N o . 2 sapw ood  
N o . 2 heartw ood  

W h ite  oak:
N o . 1 sapw ood  
N o . 1 heartw ood  
N o . 2 sapw ood  
N o . 2 heartw ood  

B ald cypress:
N o . 1 sapw ood  
N o . 1 heartw ood  
N o . 2 sapw ood  
N o . 2 heartw ood  

W h ite  pine:
N o . 1 sapw ood  
N o . 1 heartw ood  

Y ellow  cedar:
N o . 1 sapw ood  
N o. 1 heartw ood  

W h ite cedar:
N o . 2 sapw ood  
N o . 2 heartw ood  
N o . 3 sapw ood  
N o . 3 heartw ood  

Incen se cedar:
N o . 1 sapw ood  
N o . 1 heartw ood

Both yellow poplar samples showed slight signs of decay 
in the sapwood. This condition would tend to increase ex­
tractives in the sapwood. The results show slightly higher 
extractives in the heartwood than in the sapwood, which in­
dicates that on the basis of extractives yellow poplar is 
strictly a member of the first group of hardwoods. If it 
belongs to the first group, the cellulose content should be 
higher in the sapwood than in the heartwood, which is not 
the case. This can also be explained on the basis of the de­
cayed condition which decreases the cellulose content in the 
sapwood, the reverse of what would be expected in sound 
yellow poplar.

L i g n i n  C o n t e n t — In softwoods, with the exception of 
white cedar, the lignin content is higher in the sapwood than 
in the heartwood. In the hardwoods all species except 
yellow poplar have a higher lignin content in the heartwood 
than in the sapwood.

A study of the ratio between methoxyl and lignin is shown 
in Table II. A study of the results reveals the fact that the 
methoxyl-lignin ratio is approximately 50 per cent higher in 
hardwoods than in softwoods. This ratio averages less than 
13 per cent in bald cypress. In Paper V of this series2 it was 
shown that the methoxyl content of isolated redwood and 
live oak lignins was approximately 17.5 per cent. Bald 
cypress lignin could not meet these, specifications and, con­
sequently, it must differ in chemical composition from red­
wood and live-oak lignins.

—  I n  C e l l u l o s e ---------------- %
M eth y l 
P e n to ­

san  A lp ha  B eta  G am m a

P e n t o s a n  C o n t e n t  o f  C e l l u l o s e —The pentosan con­
tent has a slight tendency to run higher in the sapwood cellu­
lose than in the heartwood cellulose, similar to the results 
obtained in the original wood.

M e t h y l  P e n t o s a n  C o n t e n t  o p  C e l l u l o s e —In general, 
the methyl pentosan content is slightly higher in the heart­
wood cellulose than in the sapwood cellulose. A similar 
relation was found in the heartwood and sapwood of the 
original samples.

a-, (1-, a n d  7 - C e l l u l o s e  C o n t e n t  o f  C e l l u l o s e —The 
percentages of the three kinds of cellulose in sapwood and 
heartwood cellulose cannot be grouped in any definite ar­
rangement.

C o n c l u s i o n s

From a study of the data given in this report the following 
conclusions may be drawn:

1—In softwoods the water, ether, and alkali extracts are 
higher in the heartwood than in the sapwood, and as a result 
the cellulose and lignin are correspondingly lower in the heart­
wood (except lignin in white cedar).

2—On the basis of extractives hardwoods are divided 
into two groups: (a) those with high extractives in the
heartwood, and (6) those with high extractives in the sap- 
wood. The former have high cellulose content in the sap- 
wood; the latter in the heartwood.

3—Acetic acid by hydrolysis is higher in the sapwood 
than in the heartwood of both softwoods and hardwoods.

T a b l e  I I — R a t io  o p  M e t h o x y l  t o  L ig n in  on  O v e n -D r y  (105° C .) W e ig h t  o p  t h e  W ood
C H 3O X  100

S p e c ie s

W h ite a s h  ..............

Y ellow  p op lar .................
B lack  h ic k o r y .. i ..........
R ed  a ld er ..........................

B ald  c y p re ss ....................
E astern  w h ite p in e . . . .  
Y ellow  ce d a r-----
S outh ern  w h ite cedar..
Incen se cedar..................

N o . S apw ood
—Li gm  n----------------s

H eartw ood Sapw ood
-  C H 3O ------------------s

H eartw ood Sapw ood
L ignin

H eartw ood
f 2 2 6 .9 5 2 7 .3 9 4 .7 0 5 .3 6 1 7 .4 1 9 .5
( 3 2 7 .3 9 2 S .3 8 5 .6 6 5 .2 0 2 0 .0 1 8 .3
( 1 2 3 . OS 2 2 .1 9 5 .8 1 .5 .8 6 2 5 .2 2 6 .4
12 2 3 .8 6 2 3 .6 9 5 .8 9 6 .0 3 2 4 .7 2 5 .4

1 2 1 .8 7 2 2 .8 5 5 .5 6 5 .7 9 2 5 .4 2 5 .3
i l 2 5 .9 7 2 5 .6 8 2 .2 9 5 .3 3 2 0 .4 2 0 .1
12 2 6 .6 4 2 5 .9 4 5 .2 6 5 .2 6 1 9 .8 2 0 .3
i 1 ‘ 3 5 .0 1 3 3 .0 6 4 .3 5 3 .9 4 1 2 .4 1 1 .9  ,
12 3 5 .3 1 3 2 .2 7 4 .9 9 4 .0 7 1 4 .0 1 2 .6

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

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

1 3 4 .7 3 3 3 .6 7 5 .9 5 6 .2 1 1 7 .1 1 8 .4
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Furfural from Corncobs1
I I I —Effect of Catalysts on Furfural Yield in the Steam Digestion Process

By Frederick B. LaForge and Gerald H . M ains

B u r e a u  o f  C h e m is t r y , W a sh in g t o n , D . C .

A PROCESS for pro­
ducing furfural from 
corncobs by steam 

digestion and the develop­
ment of this process through 
the semicommercial stage 
have been discussed in pre­
vious articles of this series.- 
The yield obtained under 
the optimum conditions de­
termined was slightly over 
6 per cent of the air-dry 
weight of cobs used, or 
about one-third of that theo­
retically obtainable.

Owing to the simplicity 
of the operations, low cost 
of the digestive agent em­
ployed, and short reaction 
period, furfural can be pro-

Laboratory experiments were made to determine the effect of em­
ployment of sm all amounts of catalysts. With hydrochloric, sul­
furic, and phosphoric acids a marked increase of furfural yield  
was obtained when quantities of acid added Were sufficient to neu­
tralize the natural base of the cobs. Larger quantities did not 
give a proportionate increase. The effect of the mineral acids is 
probably due largely to the organic acids, especially formic, which 
are liberated. Direct addition of formic acid produced a somewhat 
greater increase in yield than d id  the mineral acids. Sulfurous 
acid gave results comparable with those obtained by form ic acid, 
indicating that the presence of a reducing agent increases the yield. 
From an economic standpoint the sulfuric and sulfurous acid 
catalysts seem to offer the most promise.

Semicommercial runs using the sulfuric acid catalyst gave 
furfural yields of about 9 per cent, 50 per cent higher than those ob­
tained in steam digestion without catalysts. The small amount of 
acid used does not require neutralization, and there is no increase 
in steam requirement for the process. Hence, the catalytic process 
offers considerable commercial advantage.

processes expensive. It 
seemed probable, however, 
that the use of very small 
quantities of mineral acids, 
would result in increased 
yields under the conditions 
of the steam digestion proc- 

■ ess without involving the 
disadvantages mentioned.

All the catalytic experi­
ments were made under 
conditions comparable with 
those in which water alone 
was the digestive agent.

Except where otherwise 
noted the conditions were 
the following:

duced more cheaply by this 
process than by any other yet- described. If the yield could 
be increased without material change in the conditions of the 
process, for instance by the addition of catalysts, even more 
economical production would be possible.

The catalysts first suggesting themselves were the mineral 
acids heretofore used in various methods for the production 
of furfural. The use of mineral acids as catalysts in the 
production of furfural from wood waste is referred to in several 
French patents,3 but with no significant quantitative data. 
The organic acids, formic and acetic, which are by-products 
of the steam digestion process, also present themselves for 
consideration. The effect of the addition of small quantities 
of these agents was tested, using the apparatus and optimum 
conditions worked out where superheated water alone was the 
digesting agent.

L a b o r a t o r y  E x p e r i m e n t s

M i n e r a l  A c i d s —The use of mineral acids, especially sul­
furic and hydrochloric, for the production of furfural from 
pentosan-containing materials is too well known to require 
special mention in this article. The usual quantitative 
analytical method involves the distillation of the material 
with at least two hundred times its weight of strong hydro­
chloric acid, and consequently is impracticable for the prep­
aration of furfural. Acid digestion methods described for 
the preparation of furfural4 give considerably less than 
theoretical yields and require large quantities of reagents. 
The cost of such reagents, the operations necessary for their 
neutralization, and the special apparatus required, make such

1 R eceived  J u ly  13, 1923.
2 T h i s  J o u r n a l ,  15, 499 , 823 (1923).
3 R a is in , French  P a ten t 446,871 (O ctober 12, 1911); A. and  E . Lederer, 

French P a ten t 464 ,608  (Jan uary 16, 1913); C lassen, Fren ch  P a te n t 518,140  
(April 22 , 1919).

* G oissed et and  G u in ot, Fren ch  P a ten t 495 ,116  (M a y  8 , 1917); R icard, 
U . S. P a te n t 1 ,322,054 (N ovem b er 18, 1919); M onroe, T h is  J o u r n a l , 13, 
133 (1921); A dam s, C onan t, C larke, and K am m , “ Organic S y n th eses ,” Vol. 
I , 1921, p. 49 , John  W iley  & Sons, In c . A n acid  d igestion  m eth od  is  being  
used for th e  com m ercial production  of furfural from  o a t hulls b y  th e M iner  
L aboratories o f  C hicago [Chetn. M et. E n g .,  27, 300  (1922 )], b u t d eta ils  of th e  
process h a v e  n ot been p ublished.

Eight hundred grams of 
broken cobs are heated for 30 
m inutes in a copper autoclave  
at 180° C. with 4800 ce. of 

water. The temperature is held constant for 90 m inutes longer 
while a slow distillation is maintained. The distillate collected  
(2700 to 3000 cc.) is measured and the furfural is determined 
in an aliquot part. To the weight of furfural in the distillate is 
added the weight of free furfural found in the liquid remaining 
in the autoclave and the yield is calculated from their sum. 
In the experiments described the catalyst was added to the 
water used for the charge.

The results obtained where small quantities of sulfuric, 
hydrochloric, and phosphoric acids were used are shown in 
Table I. The yields in all the tables are calculated from 
analysis, using the phloroglucinol method. Although they 
are somewhat higher than the true yield, which may be con­
sidered as slightly above 90 per cent of the values given, they 
are entirely satisfactory for comparative purposes.
T a b l e  I — E f f e c t  o f M in e r a l  A cid  C a t a l y sts  o n  F u r f u r a l  Y ie l d  
(C onditions: 800 gram s cobs; 4800 gram s w ater; tim e o f d igestion , 120 

m inutes; tem perature, 180° C.)

,— W e ig h t  o f  C a talyst—

Furfural Y ield  
(B ased  on Air- 
D ry  W eight of 

Cobs)M ineral Per cen t H  E q u iv­
Acid Grams of Cobs alents P er cen t

N one 8 .9
4 . Ó 0*50 0 . 08 9 .8
4 .5 0 .5 6 0 .0 9 1 0 .2
6 .0 0 .7 5 0 .1 2 1 0 .8

H tSO i 6 .0 0 .7 5 0 .1 2 1 1 .0
1 2 .0 1 .5 0 0 .2 5 1 0 .9
2 4 .0 3 .0 0 0 .4 9 1 0 .7
SO.O 1 0 .0 0 1 .6 3 7 .7

2 .3 0 .2 9 0 .0 6 1 0 .2
HC1 4 .4 0 .5 5 0 .1 2 1 1 .3

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

HjPO* 8 .0 1 .0 0 0 .1 6 1 1 .2

The addition of the acid catalysts results in a marked in­
crease in yield. For instance, by the addition of 6 grams 
of sulfuric acid equal to 0.75 per cent of the weight of cobs, 
the average furfural yield obtained is 10.9 per cent, as com­
pared with 8.9 per cent where water alone is used.

Several experiments were m ade to determine whether the pres­
ence of the small quantities of sulfuric acid used had any effect 
on the optimum conditions as determined for the steam  digestion  
process. The temperature, heating period, and water-cob  
ratio factors were each checked up while the other conditions 
were kept constant. W ith a temperature of 170° C. a furfural 
yield of 7.7 per cent was obtained, as compared with 10.9 per
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cent a t the optim um  temperature of 180° C. U sing a 90-m inute 
heating period (instead of one of 120 m inutes), the yield was 9.8  
per cent. Decreasing the volum e of charge water from 4800 
to 3900 cc. lowered the yield to 10.5 per cent. These experi­
m ents indicate that w ith small quantities of catalysts the con­
ditions adopted for the steam  digestion process give the m ost satis­
factory results.

Phosphoric acid seems to affect the yield in about the same 
degree as sulfuric acid. For commercial applications the 
present high cost of phosphoric acid would eliminate it from 
consideration. Hydrochloric acid in the lower concentra­
tions gives slightly higher yields than sulfuric acid, but when 
the concentration of acid is as high as 2 per cent of the weight 
of the cobs, the sulfuric acid catalyst gives the better yield. 
Of these two acids, sulfuric would probably be more econom-

0.2 /.a

F io .

0 4  0 .6  0 8  AO  / . 2  / . 4  A S

Q u a n tity  o f  f i c / c /  C a t o / y s f  —  E j u i v o / r n t *

1— E f f e c t  o f  S u l f u r ic  a n d  H y d r o c h l o r ic  A cid  C a t a l y sts  o n  
F u r f u r a l  Y ie l d

quantity of organic acid ordinarily obtained in steam di­
gestion is between 4 and 5 per cent of the weight of cobs. 
In one case analysis showed the organic acid to comprise 
acetic and formic acids, 3 and 1.4 per cent of the weight of 
cobs, respectively. The addition of a base would neutralize 
part of the organic acids and a decrease in yield might be ex­
pected. In one experiment a base in the form of sodium 
carbonate, in quantity equal to about 1 per cent of the weight 
of the cobs, was added. The resulting furfural yield was 
only 6.5 per cent, showing that any decrease in the free acid 
is disadvantageous. The quantity of base added in this 
case was still too small to neutralize all the acid formed in 
the process.

O r g a n i c  A c i d s —The belief that the liberated organic 
acid is an important factor in the increased yield obtained in 
the experiments described, is supported by the observations 
of Heuser,5 who has shown that the quantity of furfural pro­
duced on heating xylose under pressure with water is mate­
rially increased in the presence of a mixture of acetic and for­
mic acids. He infers that the same effect may be obtained 
in the case of pentosan-containing materials. Several ex­
periments were made to test the effect of these acids as cata­
lysts in the steam digestion of corncobs, and the data obtained 
are given in Table II.

T a b l e  I I — E f f e c t  o f  O r g a n ic  A c id  C a t a l y sts  o n  F u r f u r a l  Y ie l d  
(C o n d it io n s : S a m e  a s  fo r T a b le  I )

Furfural Y ield

By plotting the yield against the quantity of acid used, in 
terms of equivalents, the yield curves sh o w  in Fig. 1 were 
obtained. The yield with either catalyst increases greatly 
with the small quantities of acid, but with the larger quan­
tities the increase is not proportionate. In the case of sul­
furic acid a quantity equal to 10 per cent of the weight of 
cobs causes a considerable decrease in the furfural yield.

The sulfuric acid catalyst curve (Fig. 1) has a sharp in­
flection at the point corresponding to 0.12 equivalent of 
acid (equal to 49 X 0.12 =  6 grams). Wh6n this or a smaller 
quantity of acid was employed, the liquids left in the auto­
clave, when tested with indicators, showed no free mineral 
acid. When more catalyst was used, free mineral acid was 
present. It may be assumed, therefore, that at the point of 
inflection of the curve sufficient acid has been added to corre­
spond to the natural bases present in the cobs. This as­
sumption was verified by an actual determination of the 
base. It was found that basic material calculated to be 
present in the ash of 800 grams of cobs corresponded to about 
0.12 equivalent weight of acid.

Forty grams of cobs ashed in a platinum dish at low  red heat 
gave 0.6000 gram of ash. The ash was warmed with a m eas­
ured quantity of standard acid and the solution titrated. For 
neutralization of the bases present, 30.4 cc. of 0.2 N  acid were 
required. The 40 grams of cobs taken therefore correspond to 
0.00608 equivalent, or 0 .1 2 2  equivalent weight of acid corresponds 
to 800 grams of cobs.

In the case of the hydrochloric acid catalyst, the curve 
likewise begins to flatten at 0.12 equivalent, but the peak is 
not reached until about 0.24 equivalent of acid is present. 
Beyond this point the yield decreases much more rapidly 
than is the case with sulfuric acid.

Apparently, where quantities of mineral acids not in excess 
of the quantity corresponding to the base present in the cobs 
are employed, their effect is chiefly due to the liberated or­
ganic acid which would otherwise be neutralized, rather than 
to any direct effect which they themselves may have. The

O r g a n ic
A c id

N o n e
A cetic

F orm ic

A cetic  plus  
F orm ic

W e ig h t  o f  C a t a ly st  
P er cen t  

G ram s of C obs

2.6 
2 .5  
1 .9  
5 .0

(B ased  on Air- 
D ry  W eight of 

Cobs;
P er cen t  

8 .9  
9 .0  
9 .4  

12.0 
11.1

9 .8

Experiments using quantities of acetic acid varying from 2 
to 2.5 per cent of the weight of cobs produced only slight in­
creases in yield. Thus, a furfural yield of 9.4 per cent was 
obtained in the presence of 2.5 per cent of acetic acid, as com­
pared with 8.9 per cent where water alone was used.

On the other hand, formic acid produced a striking increase 
in yield. By using 15 grams of acid to 800 grams of cobs 
(slightly less than 2 per cent of the weight of cobs) a furfural 
yield of over 12 per cent was obtained. Larger quantities 
of this acid do not seem to improve the yield, which was only 
11.1 per cent when 5 per cent of formic acid was used.

A much smaller quantity of added formic acid than that 
indicated above will produce nearly as large a yield if a quan­
tity of sulfuric acid equivalent to the base present in the cobs 
is added at the same time. In one case the employment of 
5 grams of formic acid (0.63 per cent) with 6 grams of sulfuric 
acid gave a yield of 11.7 per cent. From a practical stand­
point, however, it would not be economical to use even this 
smaller quantity of formic acid.

When a combination of acetic and formic acids was added 
in quantities equal to that normally produced in the steam 
digestion process—3 per cent and 1.4 per cent, respectively— 
a 9.8 per cent yield of furfural was obtained. This experi­
ment suggests the possibility, in large-scale practice, of using 
the mixture of dilute organic acids produced as a by-product 
in one digestion as part of the charge in subsequent digestions. 
In this way an appreciable quantity of formic acid could be 
made available economically.

R e d u c i n g  A g e n t s —The results obtained indicate that 
formic acid plays an important role as a catalyst in the 
production of furfural. Since its effect is apparently different 
from that of other acids, the question arises if, in addition to 
its acidity, some other property is not partly responsible for

* Z . angew . C hem ., 27, 654 (1914).
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its action. Formic acid differs from the other acids mentioned 
in that it is a reducing agent, and as such might protect the 
furfural from oxidation and accompanying polymerization 
during the digestion process.

Since from an economic standpoint formic acid seemed to 
be unsuitable as a reducing catalyst, consideration was given 
to the use of a cheaper agent, such as sulfur dioxide. Ex­
periments employing various quantities of this reagent were 
made. The results obtained are shown in Table III. In all 
cases sulfuric acid also was added in quantities sufficient to 
neutralize the natural base of the cobs, and the yields ob­
served must be compared with the yield (about 10.9 per cent) 
obtained with the sulfuric acid alone. The addition of sul­
fur dioxide in quantities up to the point where about 2.4 
per cent of SOs is present results in increased yields of fur­
fural. At this point the yield is 12.3 per cent, or an increase 
of 1.4 per cent. Larger quantities of sulfur dioxide cause a 
decrease in yield, as shown in the table. This observation 
is in agreement with the fact that comparatively little fur­
fural results from the treatment of pentosan-containing 
woods by the sulfite process. Since the cost of sulfur dioxide 
is low, it might be feasible to employ it as a catalyst in the 
commercial manufacture of furfural.
T a b l e  I I I — E f f e c t  o f  C o m b in e d  S u l f u r ic  a n d  S u l f u r o u s  A c id s  on  

F u r f u r a l  Y ie l d  
(C o n d itio n s : S am e  a s  fo r T a b le s  I  a n d  II)

,----------C a t a l y st -
Proportion  of 

SO*

F urfural Y ield  
(B ased  on  Air- 
D r y  W eigh t of

Gram s Gram s to  C obs Cobs)
H 2SO 4 SO* W eight, P er cen t Per cen t

6 1 0 .9
6 's i.‘o 1 1 .6
6 19 2 .4 1 2 .3
6 40 5 .0 1 0 .0

M i s c e l l a n e o u s  C a t a l y s t s —Several neutral salts of the 
inorganic acids were tried as catalysts. Of these, sodium 
sulfate and zinc chloride in small quantities had no effect, 
while sodium bisulfite decreased the yield.

The adverse effect of iron in the steam digestion process 
has been mentioned in a previous article.6 In cases where 
sulfuric acid in quantity equivalent to that of the base was 
employed, a similar decrease in furfural yield in the presence 
of iron was observed. Thus, when a sheet-iron lining was 
placed in the autoclave, no other change being made in the 
conditions, the yield was 7.9 per cent instead of 10.9 per cent.

C o n c l u s i o n s  f r o m  L a b o r a t o r y  E x p e r i m e n t s —The 
yield of furfural may be materially increased by adding to the 
charge a quantity of sulfuric acid equivalent to the quantity 
of the natural base of the cobs. This change is entirely prac­
ticable, since the cost of the acid would be negligible. More­
over, it is not necessary to neutralize the acid. It very 
quickly combines with the base of the cobs, so that its effect 
on the equipment would be slight. The use of formic acid, 
except where the dilute acid solutions produced in the process 
are utilized, is excluded for economic reasons. Sulfur dioxide 
also seems to offer some promise as a catalyst.

S e m i c o m m e r c i a l  R u n s

The laboratory experiments having indicated that sulfuric 
and sulfurous acids were the most promising catalysts in in-

6 T h is  J o u r n a l , 15, 823 (1923).

T a b l e  IV — E f f e c t  o f  C a t a ly st«* o n  F u r f u r a l  Y ie l d  in  S e m ic o m m e r c ia l  R u n s

creasing furfural yield, the next step was to extend the work 
to a semicommercial scale. Since the special equipment 
which would be required in the use of sulfurous acid was not 
available, experiments were limited to tests with sulfuric acid. 
The runs were made at the Bureau of Chemistry experimental 
plant, fully described in a previous article.6

A charge of 200 to 250 pounds of cobs and four times that 
weight of water is heated in a steel digester by means of direct 
steam. During the heating period a slow distillation is main­
tained. At the end of 2 hours the contents of the di­
gester are discharged, and the solid residue is drained and 
pressed. Most of the furfural formed in the process is found 
in the distillate in the form of a 2 to 3 per cent solution. The 
portion left in the discharge liquor is generally recovered by 
a separate distillation as a weak solution and is added to a 
subsequent charge. The furfural is separated from the di­
gester distillate by means of a specially designed column still.

The conditions found most suitable for the steam digestion 
process are a temperature of 1S0° C., corresponding to 130 
to 135 pounds of steam pressure, and a digestion period of 2 
hours. The yield of furfural actually isolated is slightly over 
G per cent of the air-dry weight of cobs used. The same con­
ditions were adopted for the runs in which sulfuric acid was 
used as a catalyst. The data obtained are given in Table IV.

In three of the runs (2, 4, and 5) sulfuric acid, in quantity 
equivalent to the natural base of the cobs in the charge, was 
employed. This quantity is equal to 0.75 per cent of the air- 
dry weight of the cobs. In Run 3, instead of sulfuric acid, an 
equivalent quantity of sodium bisulfate was used. The yields 
given in the table were calculated from analysis of the dis­
tillate and discharge liquors. For comparison, data are 
given for a typical run where no acid was used (Run 1).

The use of the sulfuric acid catalyst increased the yield from 
6.4 per cent to an average of 9.6 per cent, approximately a 
50 per cent increase. The bisulfate did not seem to be quite 
as efficient as the sulfuric acid.

The discharge liquor showed no free mineral acids when 
tested with indicators and no effect of the acid on the digester 
was noted. Since no neutralization is required, it is entirely 
feasible to employ quantities of acids of the order mentioned. 
By using 0.75 per cent of sulfuric acid an increase in furfural 
yield equal to 3.2 per cent of the weight of cobs was obtained. 
In other words, a gain of 4.2 pounds of furfural results from 
the addition of 1 pound of catalyst.

Runs 1, 4, and 5 were made after the digester and steam 
line had been insulated with an asbestos-magnesia covering, 
while Runs 2 and 3 were made without this improvement. 
Runs 4 and 5, where the acid catalyst was used, may therefore 
be considered as typical from the standpoint of steam con­
sumption, as well as from that of yield.

The steam consumption per unit weight of cobs is, of course, 
the same with or without the presence of the catalyst.

The steam required for the digestion in any particular run 
m ay be calculated by subtracting the quantity of charge water 
from the sum of the distillate and discharge liquor weights. In 
the table the values from Runs 4 and 5 are essentially the same 
as those in Run 1. The quantity of steam  necessary to recover 
the furfural from the discharge liquors and to rectify the digester 
distillate will be practically the same for all runs since the vol­

T im e for Blow -O ff T otal
W eig h t  of  Ch arge H eatin g T im e of (Pressure, D is til­ F u r fu r a l  in  D istilla

Cobs W ater to  1 8 0 ° C. D igestion  1 3 5 -5  Lbs.) late C oncentration  W eight
R un Lbs. Lbs. M in. M in. M in. Lbs. Per cen t Lbs.

1 225 700 11 120 20 731 1 .6 9 , 1 2 .3
2 215 560 13 120 23 735 2 .4 9 0 1 8 .3
3 214 570 10 120 20 798 2 .1 6 1 7 .2
4 224 700 10 120 19 702 2 .6 2 1 8 .4
5 229 650 8 120 20 803 2 .4 9 2 0 .0

Furfural Y ield
in T ota l (B ased  on

D ischarge D ischarge Furfural A ir-D ry W eig 
oi Cobs)Liquor L iquor Produced

Lbs. Lbs. Lbs. P er cen t
757 2 .0 1 4 .3 6 .3 6
993 2 .5 2 0 .8 9 .6 7
961 1 .7 1 8 .9 8 .8 3
827 2 .8 2 1 .2 9 .4 6
820 2 .3 2 2 .3 9 .7 4

o R u n  1 is a  typ ica l steam  d igestion  run w ith ou t ca ta ly st. In R un s 2, 4, and 5 sulfuric acid  equal to  0 .75  per cen t of tile w eigh t o f cob s was added. In  
R u n  3 an  eq u iva len t am ou nt of sodium  b isu lfa te w as used.

If B y  repeated  fraction ation  in  g lass o f an a liq u o t of th e  d is tilla te  th e  am ou nt of furfural actu a lly  iso la ted  w as eq u iva len t to  2 .31 per cen t, or 9 2 .8  per 
c e n t of th e an a ly tica l valu e. From  th is  th e actu a l furfural y ie ld  for th e run is ca lcu lated  to  be 8.97 per cen t.
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umes and concentrations of the liquids handled do not vary m a­
terially . 7

Because of the increased yield, considerably less steam per' 
pound of furfural would be required in the catalytic process.

It has already been shown that the presence of iron de­
creases the yield of furfural, whether acid is used or not.

7 F o r  f a r th e r  d a ta  on  s te a m  c o n s u m p tio n  in  fu rfu ra l p ro d u c tio n  see T h i s  
J o u r n a l , 15, 823 (1923). *

The semicommercial experiments with the steel digester gave 
yields lower than those obtained under comparable conditions 
in the laboratory. It would seem to be advisable in com­
mercial practice, therefore, to employ a digester lined with 
tile or other inert material. With this improvement it is 
probable that the yields would closely approach those ob­
tained on a small scale.

Preparation of Dicyanodiamide from Calcium Cyanamide1
By H . C. H etherington and J. M . Braham

F ix e d  N it r o g e n  R e s e a r c h  L a b o r a t o r y , W a s h in g t o n , D . C.

THE growing interest 
in the possibilities of 
dicyanodiamide as a 

base material in the synthe­
sis of a variety of nitrogen 
compounds warrants fur­
ther study of methods for 
its preparation. Its possi­
bilities have not as yet been 
fully determined, but it is 
believed that when it be­
comes available in quantity 
at a low price its field of 
usefulness will be greatly 
extended.

The source of dicyanodiamide, commercial calcium cyan­
amide, is already a relatively cheap material, and hence it 
is in the method of producing dicyanodiamide from it that 
a decided lowering in cost is to be expected. The production 
of dicyanodiamide has formed the subject of several patents 
and other publications, but the literature on this subject 
does not contain sufficient information to enable one to 
carry out the process in an efficient manner. The purpose 
of the investigation here reported was to obtain the informa­
tion necessary for. the development of a process on a technical 
scale. In addition to laboratory studies, some larger scale 
experiments were performed, in the course of which 200 
pounds of dicyanodiamide were prepared.

The preparation of dicyanodiamide from calcium cyan­
amide is based on the fact that in a hot alkaline solution 
cyanamide polymerizes quite readily to dicyanodiamide. 
Dicyanodiamide can therefore be obtained simply by ex­
tracting crude calcium cyanamide with hot water and evap­
orating the filtrate to crystallization. The principal diffi­
culty in such a process is that cyanamide is converted to a 
considerable extent into compounds other than dicyano­
diamide, resulting in a very low yield.

The main reaction involved in the preparation of dicyano­
diamide may be briefly stated as follows. On extracting 
calcium cyanamide with water the normal salt is hydrolyzed 
to the acid salt and calcium hydroxide:

2CaC Ns +  2H jO    C a(H C N s)* +  Ca(O H ) 2

The acid salt is quite unstable in solution and undergoes a 
number of changes, depending principally on conditions of 
temperature and length of storage. It hydrolyzes further, 
yielding free cyanamide:

C a(H C N ; )2 +  H 20  5 = s  2H ,C N 2 +  Ca(OH ) 2 

which then in part polymerizes to dicyanodiamide:
2H 2CN 2 -----   (H 2CN 2) 2

and in part hydrolyzes to urea:

1 R eceived  February 26 , 1923.

This investigation includes a study of the most efficient method 
for extracting the cyanamide nitrogen from  commercial calcium  
cyanamide, and the determination of the optimum conditions as to 
temperature and time of treatment for effecting the conversion to 
dicyanodiamide. The precautions which should be observed in 
the various steps of the process, and the type of equipment required 
have been ascertained.

From this investigation it appears that dicyanodiamide can be 
produced in quantity at a cost not greater than that of m any organic 
compounds which are now used in bulk,.

The solubility of dicyanodiamide in water, ethyl alcohol, and 
ether was also determined.

H2CN, +  H iO -> C O (N H s)s

Other compounds, such as 
melamine, cyanourea, and 
ammonia, are also produced 
to a considerable extent 
when a solution of the acid 
salt is maintained at a high 
temperature. It is seen, 
therefore, that the main 
problem in preparing di­
cyanodiamide consists in 
converting a solution of
calcium acid cyanamide,

Ca(HCN2)2, into dicyanodiamide under such conditions 
that side reactions are reduced to a minimum.

Various modifications of the simple process mentioned 
above have been proposed which are essentially attempts 
to accelerate the polymerization reaction, thereby increasing 
the yield of dicyanodiamide. The catalytic influence of 
even very small quantities of ammonium hydroxide on this 
reaction was observed by Haag and Streckers,2 and later 
a process for the production of dicyanodiamide was proposed3 
in which as much as one-half mol ammonia per mol of cyan­
amide is used. In this process a hot solution of calcium acid
cyanamide, to which the ammonia has been added, is treated 
with carbon dioxide, the precipitated calcium carbonate 
filtered off, and the solution evaporated to the point of 
crystallization or dryness. The added ammonia is recovered. 
The use of cyanamides of the heavy metals—for example,* 
zinc cyanamide—as catalysts was proposed by Immendorf 
and Kappen.4 Neither of these processes has been developed.

That the rate of polymerization of cyanamide in aqueous 
solution is at a maximum when undissociated cyanamide, 
and cyanamide ion, HCNj- , are present in  equivalent pro-, 
portions, was shown by Grube and Krüger5 in their study on 
the kinetics of the polymerization reaction. They concluded 
that dicyanodiamide resulted from the union of the cyan­
amide ion, formed by the ionization of a salt such as calcium 
acid cyanamide, and an undissociated cyanamide molecule. 
The dicyanodiamide ion thus formed immediately changes, 
because of its extremely low ionization, to the un-ionized 
compound through combination with hydrogen ions present 
in the aqueous solution. A process based on these observa­
tions was patented5 and an investigation on its technical 
application was made by Grube and Nitsche,7 who stated 
that good results could be obtained by it. Results sub-

» A n n . ,  122, 22 (1862).
> D . R . P . 252 ,273 (1910).
4 D . R . P . 257,769 (1911).
‘ Z . p h y s ik . C hem ., 86, 65 (1913).
6 G rubc and  K rüger, D . R . P . 279,133 (1913).
7 Z .  angcw . C hem ., 1, 368 (1914).
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T a b l e  I — E x t r a c t io n  o p  C o m m e r c ia l  C a l c iu m  C y a nam ide  w it h  W a t e r

Proportion  
C aC N j to

W ater U sed  in  W ash­
ing F ilter  C ake T em p . T im e

T ota l
N itrogen

Extracted

W ater-Soluble
N itrogen
Extracted

T ota l N itrogen  L ost as 
A m m onia U rea

E xp t. H 2O Cc. ° C . M in. % % % %
2 1: 2 .5 N o n e 100 15 1 .0
3 1: 2 .5 N o n e 100 15 1 .2
4 1: 2 .5 3 100-cc. portions 100 15 7 6 .8 SÍ .6 0 .9
5 1 :4 N on e 60 to  65 15 7 5 .9 8 0 .5 0 .1
G 1 :4 100 100 15 8 5 .2 9 0 .0 Í2ÍÓ
7 1 :4 100 60 to  65 15 8 6 .8 9 2 .2 3 .3
8 1 :4 100 60 to  65 15 8 6 .8 9 2 .3 4 .1
9 1 :4 N on e 60 to  65 15 7 6 .7 8 1 .4 ÓÜ

10 1 :4 150 cc. (100 and 50) 60 to  65 15 8 7 .3 9 2 .8 0 .1
11 1 :4 90 60 to  65 30 8 7 .0 9 2 .0
12 1 :4 N on e 60 to  65 30 7 7 .S 8 2 .8
13 1 :4 400 60 to  65 35 8 9 .8 9 5 .4
14 1: 4 N on e 60 to  65 30 60 .4 o 6 4 .2
15 1: 5 100 60 to  65 30 9 0 .0 9 5 .4
16 1: 5 100 45  to  50 30 8 9 .0 9 4 .4 Ü 2
17 1: 5 N on e 20 30 5 0 .4 5 3 .0
18 1: 5 N o n e 16 40 6 2 .0 6 5 .6
19 1 : 7 .5 90 60 to  65 30 9 1 .5 9 7 .2
20 1 : 7 .5 500 60 to 65 45 9 3 .8 9 9 .5

° W ash w ater from  E xp erim en t 13 used for extraction .

stantiating this theory of dicyanodiamide formation were 
independently presented at about the same time by Morrell 
and Burgen.8 An investigation on the hydrolysis and 
.polymerization of cyanamide made at this laboratory9 further 
confirmed this ionic theory of dicyanodiamide formation, 
and also brought to light certain related reactions, particularly 
urea formation, which were not fully taken into account by 
Grube and Kruger in their study on the polymerization in 
the presence of calcium hydroxide. These will be referred 
to later in this paper.

In the course of the present investigation, preliminary 
experiments led to the conclusion that satisfactory results 
could best be obtained by a method based upon the ionic 
mechanism suggested by Grube and Kruger.0 It was clearly 
shown in the experiments of Grube and Nitsche that the use 
of ammonium hydroxide in maintaining the desired ionic 
relations was fairly satisfactory from the standpoint of yields 
obtained, but, as was- pointed out by these investigators, 
the recovery of ammonia would add an undesirable compli­
cation to the operation.

The use of the cyanamide of a heavy metal as a catalyst 
for the polymerization of cyanamide, as proposed by Im- 
mendorf and Kappen,4 was not investigated in the present 
study, since the work of Grube and Nitsche7 on zinc cyan­
amide had shown that it was not very satisfactory. .

The essential feature of Grube and Kruger’s method is 
that the concentration of cyanamide ion, HCN2- , and un­
dissociated cyanamide, H2CN2, be so regulated that there 
is always present in solution one molecule IICN2_ per mole­
cule H2CN2. The most favorable conditions, particularly 
as regards temperature and time of treatment, had not pre­
viously been satisfactorily established. The effect of tem­
perature on the course of cyanamide transformation is par­
ticularly important in this process, as will be shown later. 
In addition, there is very little information in the literature 
on the best conditions for the extraction of calcium cyan­
amide, and hence this operation also was studied in the 
present investigation.

E x t r a c t i o n  o f  C a l c i u m  C y a n a m i d e  

The most efficient conditions of extracting calcium cyan­
amide as to quantity of water, temperature, and duration 
of extraction are, of course, somewhat dependent on equip­
ment available and on the scale of operations. The aim, 
in general, however, is to secure as complete an extraction 
of nitrogen as possible with a minimum quantity of water 
in the shortest possible time, without the transformation of 
any of the cyanamide into forms other than dicyanodiamide.
■ T h e  procedure in  th e  ex traction  experim ents w as as fo llo w s: 

One hundred grams of commcrcial calcium cyanam ide were 
extracted w ith a measured voliim e of water in a mechanically

C hem . Soc. (London)', 105, 576 (1911).
9 H etherin gton  and  B raham , J  A m . Chem . Soe ., 45, 824 (1923).

stirred vessel for a given time at a temperature controlled to  
within 2 .5 “ C. except as otherwise noted. A small variation  
in temperature has but slight effect on the result. A t the end 
of extraction the slurry was im m ediately filtered on a Buchner 
funnel and the filter cake washed with a measured volum e of 
water. The filtrate was analyzed for total nitrogen in all experi­
ments, and in some cases urea, cyanamide nitrogen, and calcium  
were also determined. The evolution of ammonia was noted 
in all extractions made above room temperature. To determine 
the loss of nitrogen in this form several extractions were made 
in a closed system , the ammonia being carried into standard 
sulfuric acid by a slow current of air.

The calcium cyanamide used in these experiments contained 
20.3 per cent total nitrogen, 19.1 per cent "water-soluble” nitro­
gen, and 19.1 per cent cyanam ide nitrogen. * By “water-soluble” 
nitrogen is meant the quantity of nitrogen extracted when 2  
grams of calcium cyanamide are agitated w ith 400 cc. of water 
in an end-ovcr-end extractor for 2 hours at approximately 25° C.

The results of the extraction experiments (Table I) show 
that the loss of nitrogen as ammonia is not particularly 
serious even at 100° C. during a 15-minute extraction, but 
that the loss as urea is very important at this temperature. 
Even at 60° to 65° C. for 15 minutes the loss is 3 to 4 
per cent. The use of filter-cake wash water for subsequent 
extractions results in a low extraction, as is seen by com­
paring Experiments 12 and 14. From these results it ap­
pears that in technical operation the extraction of calcium 
cyanamide with about five times its weight of water at a 
temperature of 45° to 50° C. for 30 minutes will be found 
most satisfactory from the standpoint of general economy 
of operation. The quantity of wash water to be used will 
depend on the filtering equipment employed, but in the lab­
oratory experiments a W'eight approximately equal to that 
of the calcium cyanamide was found desirable. The stir­
ring during extraction should be very vigorous.

An average analysis of the extract obtained under 
conditions just mentioned is:

P er cen t

the

T ota l n itrogen  
C yanam ide n itrogen  
U rea nitrogen
D icyan od iam id e n itrogen  (by difference) 
C alcium

3 .5 8  
3 .3 1  
0.00 
0.21 
2 .4 1

from which the following approximate composition was 
calculated:

C alcium  acid  cyan am id e, C aÇH CNsh  
Urea
D icyan od iam id e

P o l y m e r i z a t i o n  o f  C y a n a m i d e

Per cen t  
7 .3 5  
0 .12  
0 .3 2

To establish the proper ratio (1:1) of free cyanamide to 
the ion, IICN2- , for a maximum polymerization raté, it 
is necessary to liberate one-half of the cyanamide, which 
is combined as calcium acid cyanamide. From the stand­
point of availability and cost the choice is practically limited 
to three acids—namely, hydrochloric, nitric, and sulfuric. 
The calcium salts of the first two are so soluble that they
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would remain in the concentrated mother liquor with the 
other very soluble constituents. Their separation or elim­
ination would be very difficult. The insolubility of calcium 
sulfate, on the other hand, makes possible an almost com­
plete removal of the calcium from the solution. Sulfuric 
acid is also relatively cheap, and hence it was the only acid 
studied in this investigation.

A convenient method of determining the quantity of acid 
required to establish the desired concentration is to titrate 
a sample of the extract with sulfuric acid, using methyl 
orange as an indicator. The extract may also be divided 
into two equal portions, one portion completely neutralized 
with sulfuric acid, and the solutions then recombined. A 
direct measure of the quantity of acid which must be added 
during the polymerization process is thus obtained.

E f f e c t  o f  T e m p e r a t u r e  o n  T r a n s f o r m a t i o n  o f  C y a n -  

a m i d e —Preliminary experiments on the polymerization of 
cyanamide at temperatures above 85° C. indicated that 
only about 74 per cent of the nitrogen in solution was con­
verted to dicyanodiamide. Qualitative tests showed that 
large quantities of urea were formed. To determine the 
effect of temperature on urea formation, a calcium cyan­
amide extract having a concentration of 21.76 grams total 
nitrogen per liter, and containing 0.32 gram urea nitrogen 
per liter, was treated with such a quantity of sulfuric acid, 
that ionized and un-ionized cyanamide were present in 
the proper proportions. Aliquots of this solution were main­
tained at definite temperatures while the required amount 
of acid was introduced at a uniform rate over a period of 
2 hours. The per cent of total nitrogen found in the form 
of urea at 55°, 70°, 80°, and 95° C. was 3.2, 8 .2, 16.5, and 
22.8, respectively. The effect of temperature on urea forma­
tion is therefore seen to be very pronounced. The cyan­
amide content of the final solutions was not determined and 
the ammoniacal silver nitrate test is unreliable in such solu­
tions, but from later experiments it appears that only at the 
two highest temperatures was the conversion practically 
complete.

To determine the effect of operating at a moderate tem­
perature two experiments were made at 60° C. using the 
procedure described above. The cyanamide was deter­
mined by precipitation with ammoniacal silver nitrate. 
Experience in this laboratory has shown that in the presence 
of urea and dicyanodiamide the silver cyanamide precipitate 
includes considerable quantities of these two compounds. 
To avoid errors from this source the silver precipitate was 
filtered off, washed, dissolved in dilute nitric acid, and repre­
cipitated by the addition of ammonium hydroxide. The 
silver in the precipitate was then determined, after thorough 
washing, by titration with standard thiocyanate. This 
method has been shown to give very accurate results even 
in the presence of large quantities of dicyanodiamide and 
urea. Urea was determined by the urease method.10 The 
results are shown in Table II.

T a b l e  I I a— C o n v e r s io n  o f  C y a n a m id e

- P e r  c e n t  o p  T ot a l  N it r o g e n  as­

t a b l e  I I — C o n v e r s io n  o f  C y a n a m id e

C o n s t it u e n t  
T o ta l n itrogen  
C yanam ide nitrogen  
U rea n itrogen

, F o r  2  H o u r s -
Gram s per 

L iter of 
S olu tion  
2 4 .7 5  

7 .5 4  
0 .7 6

Per cen t o f G ram s per 
T ota l N i-  L iter of

trogen
100.0
3 0 .0

3 .7

S olu tion
1 8 .7 4

2 .9 9
1 .5 7

F o r  4  H o u r s  s
Per cen t of 
T o ta l N i­

trogen  
100.0 

1 6 .0  
8 .4

In a further series of experiments solutions which origi­
nally contained 26.2 grams of nitrogen per liter as calcium 
acid cyanamide were maintained at 60° C. for 4 hours, 
following closely the precedure of Grube and Nitsche. In 
Experiments 1 and 2, hydrochloric acid was used as by Grube 
and Nitsche, while in Experiments 3 and 4, sulfuric acid was 
used for comparison. The results are shown in Table lia .

F o x  and  G etdard, T h is  J o u r n a l , IS , 743 (1923).

E x p t. C yanam ide U rea D icyan od iam id e
1 1 3 .5 5 .7 8 0 .0
2 1 2 .6 5 .9 7 8 .2
3 1 5 .1 3 .2 7 9 .8
4 1 5 .4 3 .1 7 8 .2

It is evident from the data in the foregoing tables that 
conversion is far from complete at 60° C., even after 4 hours. 
In twelve other similar experiments substantially the same 
results as those given were obtained, and in no case at this 
temperature was it possible to obtain over 80 per cent con­
version to dicyanodiamide in solution. The yields were 
determined by analysis of the solutions, using the nickel- 
guanylurea method. Grube and Nitsche reported dicyano­
diamide yields as high as 89 per cent under these conditions. 
In view of these results and the known inaccuracy of the 
older analytical methods for dicyanodiamide, their results 
are apparently too high.

Owing to the comparatively slow rate of polymerization 
even at 60° C., it appears that operation at a higher temper­
ature is to be preferred in spite of the increase in urea forma­
tion. In several experiments made at 80° C. for 1.25 hours, 
yields of dicyanodiamide corresponding to about 80 per cent 
were obtained. It w'as noted particularly that the percentage 
of urea formed was nearly as large in 1.25 hours as in 2 hours 
at 80° C.

The results of a series of experiments designed to deter­
mine the yields when operating at 75° C. or higher, are shown 
in Table III. The solutions used contained 28 to 30 grams 
of nitrogen per liter. Dicyanodiamide was determined by 
direct weighing of the carefully crystallized and dried product.

T a b l e  I I I — P o l y m e r iz a t io n  o f  C y a n a m id e

E xp t.
T im e

H ours
T em p eratu re  

° C . ,
Y ield — Per cen t of N i­
trogen in  S o lu tion  C on­
verted  to  C yanam ide

1 1 .5 80 to  85 8 2 .0
2 2 80  to  85 8 2 .4
3 2 75 =*= 2 8 6 .4
4 2 75 *  2 8 3 .3
5 2 75 ± 2 8 5 .2

It is seen from these results that when polymerization is 
carried out by fractional precipitation of calcium at 7 5 °  C. 
for 2 hours, about 85 per cent of the nitrogen in solution is 
obtained as dicyanodiamide. Of the remaining 15 per cent 
about two-thirds is urea.

As compared with operation at 6 0 ° C. the advantage of 
the higher temperature (7 5 ° C.) lies not only in the slightly 
better yield, but especially in the shorter time of treatment 
required.

To determine the suitability to larger scale operation of 
the process developed in the laboratory, 200 pounds of di­
cyanodiamide were made in batches, using 100 pounds of 
calcium cyanamide at a time. The procedure was as follows:

The calcium cyanam ide was extracted w ith approxim ately 
five tim es its weight of water a t 45° to 50° C. for 30 minutes, 
the slurry filtered, the filter cake washed, sufficient 60° B 6 . 
sulfuric acid added to com bine w ith one-half of the calcium  
present, the solution raised quite rapidly to  about 75° C., and 
the acid required for com plete neutralization added at a constant 
rate for 2  hours, the calcium sulfate filtered off, the dilute solu­
tion concentrated until dicyanodiam ide crystallized rapidly 
from a sam ple cooled to  approxim ately 70° C., the solution  
then cooled, and the crystalline product separated by centrifuga­
tion.

The crude dicyanodiamide contains about 6 per cent of 
impurities, mainly calcium sulfate and urea, but also some 
melamine. A single recrystallization from water yields a 
product analyzing better than 97 per cent dicyanodiamide. 
Unfortunately, the filtering and pumping equipment available 
for the larger scale work were of a type quite unsuited for 
the purpose and hence significant data on the efficiency of 
the process were not directly obtainable. The results indi-
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cate, however, that the method could be adapted to large- 
scale operation, and that the efficiency reached in the labo­
ratory experiments could also be attained on a large scale with 
suitable equipment. The experiments emphasized in par­
ticular the necessity of rapidly filtering the slurry imme­
diately after extraction is completed, and of treating the 
filtrate at once with acid, since large quantities of urea are 
otherwise formed. This effect is readily explained by the 
known catalytic action of the hydroxyl ion on the hydrolysis 
of cyanamide.

Although in the majority of experiments the acid was 
added at a constant rate over the 2-hour period of polymer­
ization, it  was found that by adding the acid more rapidly 
at first, keeping pace quite accurately with the reaction, 
about 75 per cent of the cyanamide had disappeared in the 
first 30 minutes. The remaining 25 per cent was not com­
pletely converted before 2 hours. Yields of 85 to 87 per 
cent were obtained in such cases, based on the determination 
of dicyanodiamide in solution by the nickel-guanylurea 
method (to be described in a later paper from this laboratory). 
In view of the comparatively small increase in yield by this 
variation in procedure and the added difficulty in plant 
operation of following the course of reaction closely with 
the addition of acid, there does not seem to be any marked 
advantage in this refinement.

Some loss of dicyanodiamide during concentration of the 
converted solutions was observed. To determine the ap­
proximate magnitude of this loss, portions of a solution 
such as is obtained in this process were evaporated at 100°, 
80°, and 60° C., under such conditions that they were con­
centrated to the same volume (appearance of crystals at 
the highest temperature) in 1.25 hours. The loss of dicyano­
diamide at the three temperatures was 3.5, 3.2, and 0.6 per 
cent, respectively. Maintaining a similar solution at 100° C. 
for 6.5 hours resulted in a loss of 8.2 per cent. The quan­
tity of melamine present was shown by qualitative test to 
have increased considerably during concentration. These 
experiments emphasize the importance of carrying out the 
evaporation of dicyanodiamide solutions as rapidly as pos­
sible and at temperatures as low as practicable.

The combined and concentrated mother liquors from 
several experiments contained the following:

T ota l n itrogen  
C yanam ide nitrogen  
U rea nitrogen  
C alcium  
S u lfa te

Per cen t  
3 4 .4  

3 . G 
3 .6  
1.2 
1.0

S o l u b i l i t y  o f  D i c y a n o d i a m i d e  i n  W a t e r , A l c o h o l , 

a n d  E t h e r

The solubility of dicyanodiamide in water, alcohol, and 
ether was determined, since there is very little information 
in the literature on this subject. An excess of carefully 
purified dicyanodiamide was mixed with the solvent in 
question and agitated for at least 2 hours. In one case the 
agitation was continued for 24 hours as a check on the shorter 
period. The results for the two periods were the same. 
Samples were withdrawn through an alundum-tipped tube, 
weighed, made up to definite volume, and the nitrogen was 
determined by the Kjeldahl method.

I n Water—T he results of these determinations are shown 
in the accompanying graph. The determinations at 13° 
and 15° C., represented by the crosses, were made by Pohl11 
and Werner,12 respectively.
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Solubility o f  Dicyanodiamide in W a fe r

Tempero
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The solution was reduced to the consistency of a thick sirup, 
but all attempts to induce crystallization failed. One con­
stituent was separated by its insolubility in alcohol, and 
identified as melamine sulfate. The presence of a consider­
able quantity of cyanourea was also sh o w . Since the nitro­
gen in the mother liquors represents approximately 15 per 
cent of the total nitrogen extracted, its recovery as ammonia 
by autoclaving would be advantageous, particularly if the 
manufacture of dicyanodiamide were carried out at a cyan­
amide autoclaving plant.

The equipment is very important in this process. Vigor­
ous agitation during extraction, efficient filtration and wash­
ing, rather rapid evaporation of the dicyanodiamide solu­
tion, and facilities for quickly handling the solutions should 
be provided. The use of unprotected iron should be avoided, 
since cyanamide solutions are corrosive.

While an accurate cost estimate on the production of 
dicyanodiamide cannot be made on the basis of these experi­
ments, there is but little doubt that dicyanodiamide can be 
produced in quantity at a cost well within the limits of com­
mercial requirements.

a  5  10 15 ZO Z5 JO 35  40 45  SO 55 SO 65 70 75

Temperature - Degrees Centigrade

I n  A l c o h o l  a n d  E t h e r —The alcohol used in these de­
terminations had a density of 0.7900 at 20°/4° C. (99.8 per 
cent); the ether had been dried over sodium and distilled. 
The results are shown in Table IV.

T a b l e  IV — S o l u b il it y  o p  D ic y a n o d ia m id e  in  A l c o h o l  an d  E t h e r

T em perature

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

A l c o h o l  
G rains D icy a n o d i­

am ide per 100 G ram s  
A lcohol 
0 .9 3 7  
1.26»»

1 .7 0
2 .2 6

3! 30  
4 .1 3

E t h e r  
G ram s D icyan od iam id e  

per 100 Gram s 
E th e r  
0 .0 0 0 6  
0 . 01 »

0 .0 0 1 5

0 .0 0 2 6

The determinations in ether are not to be regarded as 
strictly accurate but serve to show the very low solubility 
of dicyanodiamide in that solvent.
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The Analysis of Chrome-Vanadium Steel1

IN  THE analysis of steel 
works materials, where 
time is usually of prime 

importance, methods which 
will give the required re­
sults in the minimum of 
time are chosen for all deter­
minations other than um­
pire analyses or primary 
standardization; hence, the popularity of volumetric or 
very simple gravimetric methods. Occasionally, these rapid 
methods are as accurate as the slower, long-draw-out gravi­
metric ones. This is particularly true of chrome-vanadium 
steel where determinations of chromium, vanadium, and 
manganese by gravimetric methods are rare indeed and, un­
less extraordinary precautions are taken, not as accurate as 
by volumetric methods. Sulfur and phosphorus are also here 
generally determined volumetrically except in special work, 
and the results so obtained compare favorably with those 
obtained by gravimetric methods. Some analysts prefer to 
finish the direct combustion of carbon by titration or con­
ductivity methods, but in general this element as well as 
silicon is weighed. It is thus apparent that the steel 
works analyst is quite well weaned from the balance. The 
following methods and observations deal therefore chiefly 
w-ith accurate volumetric procedures, and are based for the 
most part on data obtained during the standardization of the 
Bureau of Standards standard samples of alloy steels.

The determinations of carbon, sulfur, and silicon in chrome- 
vanadium steel offer no serious difficulties, and are dismissed 
with references to acceptable methods and some precautions 
which have been found desirable. The determination of 
phosphorus also offers no trouble after vanadium has been 
reduced to the quadrivalent state, and hence no detailed 
descriptions of the well-known methods for phosphorus are 
needed. The determinations of manganese, chromium, 
and vanadium, on the other hand, offer some difficulties, 
and these are discussed at greater length and desirable meth­
ods which are not widely known are given.

Particular emphasis is placed on the methods used in the 
analysis of renewal No. 306 of the bureau’s standard sample of 
chrome-vanadium steel. The material for this standard was 
furnished by the Bethlehem Steel Co., South Bethlehem, Pa., 
and the following firms and analysts took part in its analysis:

B ureau o f S tandards: T h e  A uth ors, W . C. F ed d e, and C. P . Larrabee 
C arnegie S teel C om pan y: D u q u esn e W orks, W . D . B row n , C hief

C hem ist
C arnegie S teel C om pan y: H om estead  W orks, Joh n  L . H arvey , C hief

C hem ist
C rucible S teel C om pan y: C. M . Joh nson , C hief C hem ist
T h e  C levelan d  T w ist D rill C om pan y: A . S . T ow n sen d , A ssistan t  

M eta llu rg ist
D o d g e  B roth ers: R ich ard  B . H oop er, C hief C hem ist, H . M orrison , 

an d  A . S . A nderson
I llin o is  S tee l C om pan y: S ou th  W orks, W illiam  B rad y , C hief C hem ist
L ed ou x and  C om pan y: G . H . C orey an d  L. R . Shropshire
C am bria S teel C om pan y: H . A . H osm er, C hief C hem ist
P en n sy lvan ia  S ystem : M . E . M cD on n ell, C hief C hem ist
C arpenter S teel C om pan y: B - A . L oos, C hief C hem ist
R ob ert W . H u n t & C om pan y: J. H . C am pbell

1 R eceived  M a y  1, 1923. P u b lish ed  b y  perm ission o f th e  D irector, 
U . S . B ureau  of S tandards.

In the analysis of the- 
bureau’s standard samples, 
the cooperating analysts 
usually employ their own 
laboratory methods. In 
addition certain constitu­
ents are determined occa­
sionally by methods sug­
gested by the bureau. If a. 

reported analysis is not in close agreement with the .general 
average, the analyst is requested to repeat the determination;, 
the analyses listed under manganese, chromium, and vana­
dium are all first analyses except those in brackets, which
represent successive reports by the same analyst.

C a r b o n

The determination of carbon presents no special difficulties,, 
and is preferably carried out by direct combustion in oxygen 
and absorption in soda asbestos, as with plain carbon steel.2

The following precautions are wprthy of special note:

1— The sam ple should be taken so th a t errors due to segre­
gation are avoided. N eglect of this precaution is the chief 
source of error in careful carbon runs.

2 — Blanks should be ruii by heating the boat and lining m a­
terial in oxygen. I t  should be borne in mind, however, that 
the "blank” is the sum  of plus or minus errors occasioned by  
such factors as: (a) compounds of carbon in the oxygen, boat
or boat lining; (b) absorption or loss of water by the weighed  
reagents; (c) diffusion of oxygen from open form absorbers; 
and (d) hygroscopic changes in the weighed system . A  normal 
blank should not run much over 0.5 mg., which represents 0.005  
per cent of carbon on a factor w eight (2.73 grams). I t  is interest­
ing to note that a good grade of soda asbestos if used alone w ill 
lose water representing 0 .0 1  per cent carbon on a factor weight, 
and that, owing to the diffusion of oxygen the open type of 
absorbers, such as the M idvale or Stctzer and Norton, should  
be weighed a t equal tim es after the flow of gas has ceased. 
T ests have shown that the loss of weight approximates 0.0001 
gram per 10  m inutes and that com plete diffusion represents 
approxim ately 0.05 per cent of carbon on a factor weight.

3— Oxides of sulfur cause positive errors approximating 
0.005 per cent carbon in com bustions of ordinary steels (0.04 
per cent sulfur) and greater errors in high sulfur material. 
Consequently, steps to avoid these errors, such as using a  sul­
furic-chromic acid purifier, m ust be taken where this source of 
error is of consequence.

4— The burned slag should be exam ined for evidences of 
incom plete com bustion and the whole com bustion operation  
checked periodically by direct com bustion of similar analyzed  
material, preferably Bureau of Standards steels.

First analyses for carbon in Sample 30& ran from 0.280 
to 0.301 per cent and final analyses from 0.285 to 0.301 per 
cent. The maximum variation from the general average 
(0.292 per cent) was therefore practically ±0.01 per cent 
carbon. This represents the accuracy that can be expected 
in umpire determinations of carbon in plain and ordinary 
alloy steels running up to 1 per cent of carbon. In routine 
analyses an accuracy to '=*= 0.02 per cent is possible.

2 F or d eta iled  descrip tions o f  th is  m eth od  see Proc. A m . Soc. T esting  
M a te ria ls ,  22 , I ,  578 (1922); a lso  “ M eth od s o f  th e  C h em ists o f th e  U . S . 
S teel C orporation  for th e  S am plin g and  A n alysis  o f A llo y  S tee ls ,”  J . M . 
C am p, chairm an, P ittsb u rgh , P a ., 1921, p. 9.

By G. E. F. Lundell, J. I. Hoffman, and H . A. Bright

B u r e a u  o p  S t a n d a r d s , W a s h in g t o n , D . C.

Particular emphasis is pa id  to the determinations which arc 
troublesome in the analysis of chrome-vanadium steel—namely, 
chromium, Vanadium, and manganese. The methods which arc 
described and the observations which are recorded arc largely the 
result of Work done in the standardization of the Bureau of Standards 
alloy steel samples by analysis at the Bureau of Standards and in 
laboratories that have cooperated With the bureau.
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M a n g a n e s e

Chromium and vanadium introduce difficulties in the 
determination of manganese in chrome-vanadium steel, 
as both undergo valence changes along with manganese 
in many of the methods which are used for plain carbon steel. 
Thus, in the bismuthate-ferrous sulfate method, chromium 
is partially oxidized by the bismuthate and then reduced 
by ferrous sulfate when the reactions are performed at room 
temperature, while vanadium is reduced by ferrous sulfate 
and subsequently incompletely oxidized by permanganate 
when determinations are carried out rapidly in ice-cold 
solutions, as in methods designed to avoid interference by 
chromium. These troubles can be largely overcome by 
choosing a suitable reducing agent, such as mercurous 
nitrate as in Kelley’s electrometric titration method,3 or 
sodium arsenite as in the usual procedure.'1 All the methods, 
however, possess various drawbacks, as, for example, the 
difficult end points in procedures employing final titration 
with arsenite,6 the uncertainties introduced by the precipitate 
and by the taking of an aliquot in the zinc oxide precipitation 
method, the special apparatus needed in the electrometric 
procedure, and the time consumed and the unpleasant fumes 
in the Ford method. The results obtained by the electro- 
metric and by the Ford methods leave nothing to be desired. 
The following method is described because (1) it is very ac­
curate, (2) it is reasonably rapid, (3) it does not possess 
disagreeable features, (4) it embodies a preliminary sep­
aration which is useful in the determination of other con­
stituents of alloy steels, and (5) because it has not been widely 
published.

In this method chromium and vanadium are precipitated 
and separated from manganese and the most of the iron at 
the start. This is accomplished by dissolving the steel in 
dilute sulfuric acid, carefully adding sodium bicarbonate 
solution and then filtering. It is to be remembered that all 
but traces of the iron is in the bivalent state at the time of 
the bicarbonate addition, and that the latter is never added 
in sufficient amount to provide free carbonate in the solution. 
Similar results are achieved through the use of ammonia, 
as advocated by Johnson.6 Precipitation by sodium bi­
carbonate or ammonia (presumably sodium carbonate or 
ammonium carbonate would do as well) has the advantage 
of introducing no troublesome reagent such as cadmium in 
Cain’s method.7 It is superior to precipitation by an emul­
sion of zinc oxide as in Volhard’s method,8 in that the method 
is more rapid and the quantitative separation of manganese 
can be made absolutely certain by a simple treatment of 
the precipitate. In contrast, uncertainties are introduced 
in Volhard’s method by the volume displacement of the 
bulky precipitate, possible retention of manganese, and the 
sometimes doubtful capacities of the volumetric apparatus.

3 K e lley , S pencer, I llingsw orth , and G ray, T h is  J o u r n a l , 10, 19 (1918).
< " M eth o d s of th e  C hem ists o f th e  U . S. S tee l C orp oration ,” 1921, 

p. 25; P roc. A m . Soc. T estin g  M a teria ls , 22 , I , 588 (1922).
* A  w ord o f cau tion  in  regard to  th e  persu lfate-arsen ite m eth od  is 

here n eeded  in th a t som e tex ts  ca ll for stand ard ization  o f th e  arsen ite  so lu ­
tion  b y  titra tion  aga in st m easured and  acidified  p ortions o f a  standard  
perm an gan ate so lu tion . T h is  m ethod  g iv es  titers w hich are too  h igh. T h e  
correct procedure lies in  first reducing , w ith  sulfurous acid , th e  m easured  
p ortion  o f th e standard  perm an gan ate so lu tion , and th en  oxid iz in g  and  
t itra tin g  under th e  con d ition s th a t ob ta in  in th e  m eth od . A s an  illu stration , 
th e  m an ganese titer  o f an arsen ite so lu tion  w as in d icated  a s  0 .000872  b y  
th e  first m eth od  and  as 0 .000817  b y  th e  correct procedure. W ith  another  
so lu tion  th e  titers ob ta in ed  w ere 0 .000230  and 0 .000219 , re sp ectively . In  
th e  b ism uth ate-arsen ite  m eth od  th e  arsen ite so lu tion  can be standardized

' d irectly  aga in st a  standard  p erm anganate so lu tion .
8 C hem . M et. E n g ., 20 , 523 (1919); "C hem ical A nalysis  of S pecia l S teels, 

e tc .,”  3rd ed ., p . 362, John W iley  & S ons, Inc. a ,
1 R e p rin t 161 from  B u r . S ta n d a rd s , B u ll. I , N o . 3 ;  T h is  J o u r n a l , 

3 , 476  (1911); B la ir, "C hem ical A n alysis  o f Iron and S tee l,” 8 th  ed ., p . 199, 
L ip p in co tt & Co.

* A n n . C hem . P h a rm .,  198, 318 (1879).

It is interesting to record that, in addition to vanadium 
and chromium, the bicarbonate precipitate also quanti­
tatively holds such other constituents of alloy steel as alumin­
ium, titanium, zirconium, cerium, and uranium, and that 
the precipitation separates these from the most of the iron. 
The bicarbonate or ammonium precipitation of these ele­
ments, therefore, quite satisfactorily serves as a rapid sub­
stitute for an ether separation. It is also a valuable aid 
in the detection or determination of traces of these elements 
in steel in that large amounts of steel can be taken; further­
more, it is superior to an ether separation where vanadium 
is involved, as there is no question as to the complete sep­
aration of vanadium.

B i c a r b o n a t e  P r e c i p i t a t i o n  M e t h o d 9—The success of 
the bicarbonate precipitation method depends 011 the addition 
of the proper amount of bicarbonate and the rapid filtration 
of the solution. The former can be easily controlled by atten­
tion to the preparation of the sulfuric acid solution and care­
ful measuring of the acid. (10 cc. of 10 per cent, by volume, 
sulfuric acid is used up by 1 gram of pure iron, and a like 
volume requires 37.5 cc. of the 8 per cent bicarbonate solu­
tion.) Rapid filtration depends, of course, on the use of a 
good funnel and a rapid filter paper. Much quicker filtration 
is obtained if the precipitate is allowed to settle before 
filtration is attempted. In the determination of manganese, 
where 1 gram of sample is ample, the precipitate settles 
rapidly and no serious oxidation and hydrolysis of iron occurs 
in the covered flask during this short settling period; in bi­
carbonate precipitations designed to separate traces of 
elements like chromium and vanadium (in which 10 to 20 
grams of sample and correspondingly larger amounts of 
acid are used), the precipitate settles less rapidly, and it is 
advisable to maintain a nonoxidizing atmosphere to prevent 
undue precipitation of iron during the settling period. Car­
bon dioxide is convenient for this purpose, and it is only neces­
sary to maintain a stream of the gas over the solution sufficient 
to prevent back pressure.

P r o c e d u r e —Treat 1 gram of the sample in a 200-cc. covered 
IJrlenmeycr flask, w ith exactly 20 cc. of dilute sulfuric acid 
(exactly 10 per cent by volum e). When action is com plete, 
dilute to 100 cc. w ith  boiling water. Add sodium bicarbonate 
solution (80 grams per liter) from a buret and w ith gentle agita­
tion until a permanent precipitate is formed (approximately 
36 cc.) and then 4 cc. more. Again cover the flask, boil 1 minute, 
allow the precipitate to settle, and filter through a rapid filter, 
finally washing four or five tim es w ith boiling water. The 
filtrate contains all but traces of the manganese and will become 
cloudy in the funnel stem  and receiving vessel, owing to oxida­
tion and hydrolysis of the iron. This is to be expected. If 
the precipitation and filtration have been properly performed, 
there w ill be no more precipitate than can be conveniently  
handled on a 9-cm. paper. The manganese retained by the 
precipitate usually represents no more than 0.005 per cent. 
In umpire analyses or standardization this can easily be separated 
from chromium and vanadium and recovered as follows: Trans­
fer the precipitate to a beaker, dissolve it  in aqua regia, evaporate 
w ith sulfuric acid until fumes escape, cool, dilute, add sodium  
peroxide in excess, boil, filter, and wash the precipitate w ith hot 
water. Dissolve the precipitate of iron and manganese in warm, 
dilute 1 :1  nitric acid, w ith the aid of a few drops of sulfurous 
acid if necessary, and add the solution to the original filtrate.

R em ove the paper and precipitate from the funnel, and dis­
solve any coating in the funnel and stem  in 25 cc. of warm, dilute 
1 : 1 nitric acid, catching the solution in a  small beaker. H eat 
the original filtrate to boiling and cautiously oxidize the iron 
w ith the 25-cc. portion of nitric acid used above. Evaporate 
the solution to about 25 cc., cool to 15° C., and add 1 to 2 grains 
of sodium bismuthate. Agitate thoroughly for half a minute, 
let stand for 1 to  2 minutes, add 50 cc. of 3 per cent nitric acid, 
and filter through asbestos. W ash with 3 per cent nitric acid

9 T h is  m ethod  orig inated  w ith  I,. F . W itm er a t  th e  Bureau of S tandards, 
and has recen tly  appeared in P roc. A m . Soc. T esting  M a te ria ls , 22 , I , 606 
(1922). Sodium  carbonate is used as th e  p recip itan t in a m odification  of 
th is  m eth od , described in th e " M eth od s of th e C hem ists of th e  U . S . S teel 
C orporation ,” 1921, p. 23.
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until the washings run through colorless. Add 3 cc. of sirupy 
phosphoric acid, and titrate as usual w ith approxim ately 0.03 N  
ferrous sulfate and 0.03 N  potassium  permanganate which has 
been standardized against sodium oxalate.

The simplicity and accuracy of this procedure is demon­
strated by the results obtained by a bureau analyst in his 
first four analyses by it. For Sample 306 (0.499 per cent 
manganese) he obtained 0.491 and 0.492 without recovery 
of any manganese in the bicarbonate precipitate. In Sample 
30a the values 0.815 and 0.816 were found. In the last 
run the bicarbonate precipitate was analyzed and 0.005 per 
cent of manganese was recovered, which gave a total of 0.821 
as against the value 0.822 obtained by one of the writers 
in the standardization of this steel.

The following results reported for renewal No. 306 (average 
value 0.499 per cent manganese) indicate the performance 
of different methods for manganese—bismuthate method 
(FeSOj-KMnO^ titration) after removal of chromium and 
vanadium as described above: 0.500, 0.504, 0.501, 0.505, 
0.50, 0.496, 0.51, 0.496, 0.494 (0.4S3, 0.469, 0.501); bis- 
muthate-arsenite method: 0.502, 0.4S8; persulfate-arsenite 
method: 0.51, 0.49, 0.494, 0.50; Ford-Williams method: 
0.511, 0.496; Kelley’s electrometric titration method: 0.505; 
Johnson’s P b 02-arsenite method: 0.492. In careful analyses 
of steels containing not more than 2 per cent of manganese, 
an accuracy to ± 0.01 manganese can be easily obtained; 
in routine analyses an accuracy to ±0.03 per cent is not 
difficult.

P h o s p h o r u s

The determination of phosphorus in chrome-vanadium 
steel is complicated by vanadium, which, when in the quin­
quivalent state, seriously retards the complete precipitation 
of the phosphomolybdate and contaminates the precipitate 
which is formed. Fortunately, the remedy is simple, as 
vanadium can be easily reduced to the quadrivalent con­
dition in which it retards the precipitation of phosphorus 
much less and does not contaminate the precipitate if the 
precipitation is carried out at 15° to 25° C.10 After these 
simple modifications the analysis is finished as in plain carbon 
steel; final weighing as magnesium pyrophosphate is the 
only suitable method for standardization purposes and the 
alkalimetric method meets all requirements as a routine 
method.11 The following precautions are emphasized:

1— After the solution of the steel has been prepared as in 
plain carbon steel m ethods, it m ust be cooled to 15° to 25° C. 
and the vanadium  reduced by the addition of a solution of ferrous 
sulfate and a few drops of sulfurous acid.

2 — The precipitation of the phosphom olybdate must take  
place at 15° to 25° C., and a t least 30 m inutes m ust be allowed  
for com plete precipitation.

3— In gravimetric determ inations as magnesium pyrophos­
phate, it is desirable to  use double the am ount of m olybdate  
reagent usually em ployed and to precipitate for a longer period, 
usually overnight. W hen the phosphom olybdate is dissolved 
in ammonia, sm all am ounts of insoluble ferric phosphate m ay  
be left on the filter; therefore the paper should be finally washed 
with a little warm, dilute hydrochloric acid. Arsenic m ust 
be elim inated before the final precipitation w ith magnesia m ix­
ture12 and ammonium citrate m ust be present during this pre­
cipitation, in order to prevent contam ination of the precipitate 
by iron, chromium, or vanadium.

4— In volum etric determ inations b y  the alkalimetric m ethod, 
it  is desirable to standardize the alkali solution against chrome- 
vanadium  steel of known phosphorus content. The use of a

10 C ain and  T u ck er, B u r . S ta n d a rd s ., Tech. P aper  2 4 ;  T h is  J o u r n a l , 5,
647 (1913).

n  F or d eta iled  d escrip tions o f th ese  m eth od s con su lt th e references  
.g iv en  under carbon, and also  I.undcl! and  H offm an, T h is  J o u r n a l  15 , 44
(1923 ). .

i* S tee is  w hich  con ta in  as m uch  arsen ic as phosphorus are n o t  u n ­
com m on ; som e low -phosphorus stee ls  con ta in  severa l tim es as m u ch  arsenic  
as phosphorus.

phosphorus titer based on standardization by means of the 
bureau’s standard benzoic acid and the use of a 23 :1 ratio 
gave excellent results w ith Sam ple 306.

The following results reported for renewal No. 306 (average 
0.024 per cent phosphorus) indicate the performance of the 
different methods for phosphorus—alkali molybdate method 
with preliminary reduction of vanadium: 0.024, 0.024 
(0.022, 0.024), 0.023 (0.021, 0.024), (0.022, 0.026), 0.026 
(0.021, 0.023); gravimetric method (weighed as magnesium 
pyrophosphate after elimination of arsenic): 0.024, 0.024, 
0.026. In umpire analyses of steels containing not more 
than 0.15 per cent of phosphorus an accuracy to ±0.002 per 
cent should be obtained by weighing as magnesium pyro­
phosphate, and ±0.003 per cent by volumetric or other gravi­
metric methods. In routine analyses an accuracy to ±0.005  
per cent is easily achieved.

S u l f u r

The accurate determination of sulfur in chrome-vanadium 
steel must be made gravimetrically, as with plain carbon 
steel, by precipitation as barium sulfate after solution of 
the steel in nitric acid (specific gravity, 1.42), repeated evap­
oration with hydrochloric acid, and reduction of the iron to 
the bivalent state. Very satisfactory rapid determinations 
of sulfur are possible by the evolution method.13 The follow­
ing notes are worthy of mention:

1— The precipitation of barium sulfate should be carried out 
in solutions containing not more than 1 to  2  per cent by volum e  
of hydrochloric acid, and having the iron preferably in the ferrous 
condition. Higher acid ity or the presence of ferric iron causes 
low results; errors due to the latter usually correspond to  0 .0 0 1  
to  0 .0 0 2  per cent of sulfur.

2 — The washing of barium sulfate precipitates obtained in 
steel analyses causes losses of the order of 0.001 to 0.003 per 
cent of sulfur. These can be elim inated by working over the  
washings.

3— M eineke’s m ethod14 gave excellent results in the analysis 
of Sam ple 30a. The m ethod now used differs som ewhat from 
that described in the original article. I t  consists in  dissolving  
the steel in copper-potassium chloridc solution, filtering to sep­
arate the carbonaceous m atter which contains the sulfur, de­
stroying the carbon and oxidizing the sulfur by treatm ent with  
concentrated nitric acid saturated w ith bromine, elim inating  
the nitric acid by the addition of a little sodium carbonate 
followed by evaporations w ith hydrochloric acid, and finally 
precipitating w ith barium chloride in a solution containing 
1 per cent by volum e of hydrochloric acid.

4— Results by the evolution m ethod with attack by dilute  
hydrochloric acid (1 : 1) and the use of an empirical titer ob­
tained by titration of similar standard steel wrere excellent. 
The use of the theoretical sulfur titer of the iodine or iodate 
solution obtained from the Bureau of Standards standard sodium  
oxalate through permanganate and thiosulfate solutions, gave  
slightly low values on Sample 306 in the hands of the cooperating 
analysts (0.029 instead of 0.032 per cent sulfur). The bureau 
chem ists, on the other hand, obtained excellent results (0.031 
per cent as compared w ith the gravimetric value 0.032 per cent 
sulfur).

First analyses for sulfur in No. 306 (average value 0.032 
per cent sulfur) varied from 0.029 to 0.033 in gravimetric 
analyses and from 0.027 to 0.033 in analyses by the evolution 
method. The final analyses varied from 0.030 to 0.033 
and from 0.027 to 0.032, respectively. For steels containing 
no more than 0.15 per cent sulfur, umpire analyses by the 
gravimetric method should not be in error by more than 
±0.002 per cent. In routine analyses an accuracy to ±0.005  
per cent is easily obtained.

S il ic o n

The determination of silicon in chrome-vanadium steel 
is no more difficult than in plain carbon steel.13 The follow­
ing notes are worthy of mention:

1S S ee references c ited  under carbon.
14 Z .  angew . C hem ., 1, 376 (1888).
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1— W ith this material the Swedish m ethod15— solution in  
sulfuric acid, evaporation until copious fumes appear, solution  
of soluble salts in water, and filtration—gave accurate results 
and less trouble than other methods.

2 — In any m ethod the period of digestion w ith acid following 
dehydration of the silica and preliminary to  filtration should 
be as short as possible lest silica be dissolved.

3 —-Treatment of the ignited and weighed silica w ith sulfuric 
and hydrofluoric acids is absolutely necessary in careful analyses.

First analyses for silicon in No. 306 (average value 0.212 
per cent silicon) varied from 0.194 to 0.22 and the final 
analyses from 0.204 to 0.22. For steels containing less than 
0.1 per cent silicon, umpire analyses should be accurate to 
=*=0.005 per cent; for steels containing from 0.1 to 0.3 per cent 
of silicon, an accuracy to =*=0.01 per cent is easily attained. 
In routine analyses an accuracy to =*=0.01 per cent and ±0.02  
per cent, respectively, should be obtained.

C h r o m i u m

Practically all methods for the determination of chromium 
in chrome-vanadium steel depend upon the oxidation of. 
chromium to chromate and subsequent measured reduction.16 
Various oxidants are recommended, such as persulfate,17 
permanganate,18 chlorate,19 lead dioxide,20 and fusion of 
the ammonia precipitate with sodium peroxide,21 or carbon­
ate and niter22 after a preliminary separation of most of 
the iron.

Ferrous sulfate is universally used as the reducing medium, 
and it is generally added in a measured excess which is de­
termined by final titration with permanganate; in this way 
vanadium and chromium are at first both reduced, but vana­
dium and the excess of ferrous sulfate are alone afterwards 
oxidized by the permanganate. The electrometric method 
is an exception. Here the back titration is with dichromate 
and finally ferrous sulfate, and therefore chromium must 
be obtained by subtracting vanadium as determined sep­
arately.

In all methods except the electrometric the end point 
causes the most concern; this is due chiefly to the color of 
the reduced chromium salt (also iron in the absence of phos­
phoric acid) and to the slowness with which the reduced 
vanadium is oxidized in the cool solution which is used. 
Other troubles are occasioned by the presence of difficultly 
soluble chromium carbides, by the question of complete 
oxidation of the chromium, and by the necessity of com­
pletely destroying all oxidants, such as permanganic acid, 
chlorine, and excess persulfate, before the titration.23 In 
spite of these limitations most excellent determinations are 
possible. The following method is given because (1) it is 
rapid and has proved accurate in the analysis of such steels 
as have been tested, (2) it permits of subsequent easy de­
termination of vanadium in the titrated solution, and (3) 
the circulation of the publications in which it appears21 is 
limited.

Proc. A m . Soc. T estin g  M a te ria ls , 22 , I ,  597  (1922).
ie A n  excep tion  to  th is  procedure is  th a t  em p loyed  in  an  unpublished  

m eth od  d eveloped  by L ,  F . W itm er a t  th is  bureau; in th is  m eth od  chrom ium  
•is reduced to  th e  d iv a len t s ta te  in  a Jon es redu ctor and afterw ard s oxid ized  
to  th e  tr iva lcn t con d ition  b y  standard  perm anganate.

17 " M eth od s o f C hem ists o f U . S . S teel C orp oration ,” 1921, p . 4 3 ; 
Joh nson , loc. cit., p. 28; K elley  and C onan t, T h is  J o u r n a l , 8, 719 (1916); 
Proc. A m . Soc. T esting  M a teria ls , 22 , I ,  609 (1922).

18 Joh nson , loc. cit.,  pp. 5 ,2 1 ;  B lair, loc. cit., p. 187. Ib b otson , " T h e C hem ­
ica l A n alyses o f S teel W orks M ater ia ls ,” p. 110, L ongm ans, G reen & Co. 
“ M eth od s o f C hem ists of U . S . S tee l C orp oration ,” 1921, p. 46.

19 A m . S oc. T estin g  M ateria ls , S tandards, 1921, pp. 2 81 , 294.
20 B lair, loc. cit., p . 188.

B lair, loc c it.,  p . 184.
21 A m . S oc. T estin g  M ater ia ls , S tand ard s, 1921, pp. 271 , 279 , 292.

< 23 K e lle y  a n d -C o n a n t, loc. c it., ad m irab ly  sum  up  th e  p itfa lls  in  th is  
process.

l i  “ M eth od s o f th e C hem ists o f th e  U . S. S tee l .C orporation,” 1921, 
p. 43; Proc. A m . Soc. T estin g  M a teria ls ,  22 , I ,  609 (1922).

P e r s u l f a t e  O x i d a t i o n  M e t h o d — Transfer 2.000 grams of 
the sam ple to  a 600-cc. beaker and add 60 cc. of sulfuric-phos­
phoric acid mixture [H2SO4 (1 :1 )  320 cc., H 3PO1 (sirupy) 

•80 cc., H :0  600 cc.].. H eat until all action ceases, add 10 cc. of 
nitric acid (specific gravity, 1 .2 0 ), and boil until all carbides 
are dissolved and oxides of nitrogen are expelled. Add silver 
nitrate solution (2.5 per cent) in am ount equal to 0.3 gram of 
salt for each 1.5 per cent of chromium present. D ilute to 300 cc. 
w ith boiling water, heat nearly to boiling, and add 8  cc. of am ­
monium persulfate solution (15 per cent). (The purity of the 
persulfate should be determined as som e reagints do not contain  
25 per cent of the reagent as against 95 per cent, which is the 
proper strength.) If the permanganate color does not develop, 
add more persulfate. W hen the color has developed, boil the 
solution for 1 to 2 minutes and then add 5 cc. of sodium chloride 
solution (5 per cent). Continue the boiling until the pink color 
has just disappeared and then boil for 5 m inutes longer. If 
the permanganate color is not destroyed by 10  m inutes’ boiling, 
or if a precipitate of manganese oxide separates, add 1 to 5 cc. 
of dilute 1 :3 hydrochloric acid, and continue the boiling of 
the solution as above. The total period of boiling after the 
addition of persulfate should not be less than 15 minutes; 30 
minutes will do 110 harm.

Cool the solution, dilute to approxim ately 400 cc., and titrate  
for chromium as follows: Add a  measured excess of standard  
ferrous sulfate solution (50 cc. for less than 1.5 per cent of chro­
mium, 100 cc. for 1.5 to  3 per cent chromium, etc.) and then  
titrate w ith an approximately 0.03 N  standard potassium  per­
m anganate solution until an end point is obtained which is 
perm anent upon continued stirring for 1 minute. The titration  
m ust be corrected for dilution effect and color interference. 
In  colored solutions the correction can be made (1) empirically 
as in  the U. S. Steel Corporation m ethods, 25 (2) by titration of 
the sam e volum e of ferrous sulfate in a  solution of like volum e and 
acidity and containing the same am ount of the coloring elements 
in their final valency, or (3) in the final titrated solution. The 
la st is the m ost convenient and satisfactory in occasional analy­
ses, and m ay be performed by destroying the slight excess of 
perm anganate which is present by boiling for 10  minutes, cool­
ing to  room temperature, and then titrating w ith the perman­
ganate solution to the sam e end point that w as taken before. 
T he volum e of permanganate here required—about 0 .2  cc. 
0.03 N  solution for a 1 per cent chrome-vanadium steel such as 
306— is to be subtracted from the result of the first titration. 
T he difference is then a true oxidizing equivalent of the excess 
of ferrous sulfate employed, and the percentage of chromium  
m ay be calculated in the usual manner from a standardization  
based on sodium oxalate. The final solution should be pre­
served for the determination of vanadium  as below. Tungsten, 
nickel, cobalt, molybdenum, arsenic, and uranium do not inter­
fere in the foregoing method. W ith tungsten steel the titration  
is peculiar in that the solution is dark a t first, owing to some 
tungsten-quadrivalent vanadium  compound, and then clears 
considerably as the end point is approached.

That the method is accurate and not troublesome is in­
dicated by the following analyses by a bureau analyst who 
had never used the method before: Sample 30fr, 1.02 and 
1.02 per cent chromium as compared with the recommended 
value 1.03; Sample 30a, 1.02 and 1.02 per cent chromium 
as compared with the recommended value 1.02; Sample 
50 (tungsten 17.56 per cent, chromium 3.61 per cent, vana­
dium 0.756 per cent), 3.56 and 3.69 as compared with 3.61 
per cent. With Sample 50 it was found advisable to use 
only 0.5 gram of sample on account of the peculiar end 
point.

The following results reported for renewal No. 306 (average 
value 1.03 per cent chromium) indicate the performance 
of the different modifications of the oxidation procedure: 
permanganate oxidation (a) Johnson’s method, 1.01, (6) 
Barba’s method,251.05; bismuthate oxidation, 1.01; chlorate 
oxidation, 1.02, 1.00; fusion with peroxide, 1.03;27 persulfate 
oxidation methods (a) unclassified, 1.00, 1.04, 1.02, (6) with

25 " M eth od s o f C hem ists o f  U . S. S teel C orp oration ,” 1921, p . 44.
28 B lair, loc. cit., p . 187.
27 A t th is  bureau it  has been found p ractica lly  im p ossib le to  get chro­

m iu m  com p lete ly  oxid ized  to  chrom ate b y  fusion, w ater extraction , and  
filtration  throu gh  asbestos; con seq u en tly  th e  w ater extract is a lw ays acid i­
fied w ith  sulfuric acid , treated  w ith  n itric  a c id , and oxid ized  w ith  silver  
n itra te  and persu lfate before th e  final t itra tion .
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final electrometric titration, 1.01, 1.02, (c) by the method 
described above, 1.03,1.04,1.02, 1.03 (1.00, 1.01), 1.01, 1.02, 
1.04,1.05,1.02.

In careful determinations of chromium an accuracy to 
± 0.01 per cent should be obtained with steels containing 
not more than 1 per cent of chromium, ±0.03 per cent for 
steels containing 5 per cent, and ±0.10 for steels containing 
20 per cent. In the same steels the accuracy obtained in 
routine determinations should approach ± 0 .02, ±0.06, and 
±0.15 per cent, respectively.

V a n a d i u m

Aside from the colorimetric method,28 which is chiefly 
used under favorable conditions for works control, the 
principally used methods for the determination of vanadium 
are volumetric and are based on its change from the quadri­
valent to the quinquivalent condition, or vice versa. The 
reduction of vanadium is easily performed in solutions at 
room temperature; its oxidation, on the other hand, does 
not proceed as easily and is best performed at 60° to 80° C. 
With acid solutions containing vanadium alone the fore­
going methods are quite exact, as there is no color inter­
ference and the solution can be heated if desired. Un­
fortunately, unless previous separations are performed, the 
solutions which are encountered in steel analysis contain 
salts of iron and often salts of such elements as chromium 
and nickel, which either obscure the end point or will not 
permit heating of the solution. These drawbacks are not 
fatal in routine analyses; they are, however, troublesome 
in accurate analyses, especially where the amount of vana­
dium is low and sometimes corresponds to less of the standard 
solution than the blank correction.

Chief among the methods depending on measured re­
duction are Johnson’s29 and Kelley’s .30 The former is 
widely employed and depends on the reduction of vanadium 
by means of a standard solution of ferrous sulfate and the 
use of ferricyanide as an internal indicator. The chief 
difficulty with this method lies in judging the end point, 
which is complicated by the normal color of the solution and 
by a slight interaction between the reduced vanadium and 
ferricyanide which yields ferrocyanide and a consequent 
blue color. Aside from this, in the case of renewal No. 306, 
an additional difficulty31 is introduced by the abnormal 
amount of copper (0.13 per cent) which reacts with the 
indicator. Kelley’s method is an electrometric titration 
method in which the vanadium is oxidized by nitric acid 
and then reduced by ferrous sulfate with back titration 
with dichromate and ferrous sulfate. As the oxidation of 
vanadium by nitric acid is not quite complete, a correction 
factor is employed.32 The method yields excellent results 
and is free from color interference; its chief drawback lies 
in the apparatus required.

Campagne’s method33 is perhaps the most widely known 
of the measured oxidation type. Here an ether separation 
removes most of the iron and evaporations with hydrochloric 
acid serve to reduce the vanadium, which is then titrated

M “ M eth od s o f th e  C hem ists o f th e  U . S. S tee l C orp oration ,” 1921, p.
50 .

29 “ C hem ical A n a lysis  o f Special S tee ls, e tc .,” 3d  ed ., p . 6, J . W iley  & 
Sons, Inc .

«  T h is  J o u r n a l , 11, 632 (1919).
*l P r iva te  com m u n ication  from  C. M . Joh nson .
11 W illard and  F enw ick  in  a  recen tly  p ublished  m eth od  [7 . A m . Chem . 

S oc ., 45 , 84 (1923)1 u se  a polarized b im eta llic  electrod e sy stem  in stead  o f  
th e  usual m on om eta llic  com b in ation  [7 . A m . Chem . Soc ., 44, 2516 (1922 )], 
and titr a te  va n a d ic  acid  d irectly  w ith  ferrous su lfa te  b ecause o f th e  m ore 
sen sitive  end p o in t. C om plete ox id ation  to  van ad ic acid  is  ob ta in ed  b y  
prelim inary b oiling  w ith  n itric  acid  fo llow ed  b y  trea tm en t w ith  a  sligh t  
excess o f potassiu m  p erm an gan ate, and a n y  ch rom ate form ed is  d estroyed  
b y  boiling  w ith  sodium  perborate in ace tic  acid  so lu tion .

«  C om pt. rend ., 137 , 570  (1903).

with permanganate after evaporation with sulfuric acid 
to remove hydrochloric acid. In this method positive 
errors may be occasioned by iron reduced during the ether 
extraction, by organic matter from the ether, by uncorrected 
end points, and by titration in a hot solution in the presence 
of chromium. Negative errors are occasioned by the slight 
solubility of vanadium in ether, by incomplete reduction 
with hydrochloric acid, and by slight oxidation due to pro­
longed heating with sulfuric acid. The method of the 
chemists of the U. S. Steel Corporation34 is less widely known, 
and is given below because it has not been described in the 
journals and in the writers’ hands has proved to be rapid and 
as accurate as any of those described above, except Kelley’s. 
The method is based on the behavior of ammonium' per­
sulfate in a cold acid solution containing no silver nitrate. 
Under these conditions it oxidizes ferrous sulfate but does 
not react with quadrivalent vanadium, permanganate, bi­
valent manganese, or trivalent chromium. Therefore, it 
is possible to reduce vanadium by an excess of ferrous sulfate, 
to destroy the excess with persulfate, and then to titrate 
the reduced vanadium with permanganate.

M e t h o d  I— (For the R outine Determ ination of Vanadium) 
See the “ Determ ination of Chromium” above. Use the solution  
em ployed for the determination of chromium (as given above), 
and add 10 cc. of approxim ately 0.03 N  ferrous sulfate solution  
if vanadium  is under 0.80 per cent, 2 0  cc. if the vanadium  content 
is higher, etc. Stir the solution thoroughly, add 8  cc. of am ­
monium persulfate solution (15 per cent solution of the 95 per 
cent salt) and stir for 1 minute. Titrate w ith approxim ately  
0.03 N  permanganate solution to a definite pink color which 
does not fade upon continued stirring for 1 minute. As in the  
determ ination of chromium, an excess of permanganate is con­
sumed in order to overcome the dilution effect and the color 
interference. If this excess was actually determined after the 
chromium titration, the sam e correction should be subtracted 
here. If an empirical correction is made in accordance with  
the U. S. Steel Corporation m ethod, a blank m ust be deducted  
equal to 0 .0 2  per cent plus 1 .8  per cent of the chromium present. 
I t  should be noted that the effect of the blank is here reversed; 
it  lowers the percentage of vanadium  but raises the percentage 
of chromium. Chromium, nickel, cobalt, m olybdenum , arsenic, 
and uranium do not interfere in the foregoing m ethod. Tung­
sten does interfere and m ust be separated in a new sam ple before 
the m ethod is used. The performance of this m ethod is indicated  
by the following results obtained by a bureau analyst in his 
first four analyses by it: 0.216 and 0.216 as against the recom­
mended value 0.215 per cent vanadium  in Sam ple 30b, 
and 0.214 and 0.216 compared w ith the recommended value
0.21 per cent vanadium  in Sample 30a.

As the foregoing methods are subject to various limitations 
which cast the results in doubt— often very much so in the 
hands of novices or where only a few hundredths of one per 
cent of vanadium are in question—the following method is 
also presented. In this method, which is a modification of 
that described by Cain,36 most of the iron is eliminated by 
a bicarbonate precipitation as described under manganese, 
and the remainder of the non, together with chromium and 
copper, is completely removed by dissolving the precipitate 
and electrolyzing with a mercury cathode in a dilute sulfuric 
acid solution. Cobalt and nickel are also quantitatively 
removed, while phosphorus, arsenic, molybdenum, man­
ganese, aluminium, titanium, zirconium, and uranium remain 
with vanadium in the electrolyte. The vanadium in the 
electrolyte is then reduced by sulfur dioxide, titrated with 
permanganate, and the final solution qualitatively tested 
for vanadium if desired. This method is not subject to the 
usual interfering elements, and is well suited for purposes 
of primary standardization and for the isolation and identi­
fication of vanadium.

“ M eth od s o f  th e  C hem ists of th e U . S . S tee l C orporation,"  1921, p. 
47; Proc. A m . Soc. T esting  M a te ria ls , 2 2 ,1, 617 (1922).

*  B u r . S ta n d a rd s , B u ll. 7, 377  (1911); T h is  J o u r n a l , 3, 4 76  (1911); 
B lair, loc. cit., p . 199.
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M e t h o d  II— (For the Accurate Determ ination of Vanadium) 
D issolve 2.000 grams of the sample contained in a 200-cc. Erlen- 
m eyer flask, in 30 cc. of dilute sulfuric acid (10 per cent by  
volum e). If the steel contains less than 0.1 per cent vanadium , 
use a larger sam ple and correspondingly more acid. When 
action is com plete, dilute to 1 00  cc. w ith  boiling water, heat to  
boiling, and proceed w ith a sodium bicarbonate precipitation  
as in the determ ination of manganese described above.

Place the paper and sodium bicarbonate precipitate in the  
original flask, add 2 0 'cc. of nitric acid (specific gravity, 1.42), 
shake until the paper is broken up, and then add 5 cc. of sulfuric 
acid (specific gravity, 1.84). H eat over a  free flame until fumes 
of sulfuric acid are given off, cool, and then add more nitric 
acid and repeat the heating if the organic m atter has not been 
destroyed. Finally, cool, wash down the sides of the flask, 
and evaporate again until fumes of sulfuric acid appear and until 
it is certain that all the nitric acid has been expelled. Cool, 
dilute to 40 cc .,36 neutralize the solution w ith ammonia, and 
then add 1 per cent by volum e of sulfuric acid in excess. Trans­
fer the weakly acid solution to the electrolyzing apparatus, 
rinsing the flask w ith small portions of water, and keeping the  
total volum e of the solution down to 70 cc. The electrolysis 
m ay be performed w ith a mercury cathode in (1) the special 
modified separatory funnel described and pictured by Cain35 
and also by B lair ;37 (2) in a small beaker w ith sealed in platinum  
wire as described by Sm ith , 38 or (3) in an ordinary beaker w ith  
the cathode lead enclosed in a glass tube extending into the 
mercury. In any case the cathode lead should be imbedded 
in about 2 0 0  grams of mercury, and the solution electrolyzed  
(preferably w ith a stirring arrangement) using a current of 
5 to 6  amperes a t 6  to 7 volts. Continue the electrolysis until 
iron is removed as indicated by a ferricyanide test on a small 
drop of the electrolyte. This will ordinarily require 15 to  20 
m inutes if the electrolyte is stirred. When iron is absent, re­
m ove the electrolyte and wash the mercury two or three times 
with 25 to 30 cc. of water while the current is continued. If 
the electrolyte is not absolutely free from iron, the electrolysis 
m ust be continued until it  is. Arsenic is the only elem ent to 
be feared. The small am ounts of arsenic (up to 0.02 per cent) 
usually present in steel m ay be ignored except in the m ost ac­
curate work. In precise work or where large am ounts of arsenic 
are present, the properly acidified electrolyte m ust be treated  
w ith hydrogen sulfide, the solution filtered, and every trace 
of hydrogen sulfide expelled from the filtrate before the pre­
lim inary oxidation w ith permanganate as above. If all hydrogen  
sulfide is not expelled, this oxidation gives rise to sulfur which  
later reacts w ith sulfur dioxide to yield oxidizable products 
which cause high and erratic values for vanadium . Add 2 to  
3 cc. of dilute sulfuric acid (1 :1), heat to 70° to 80° C., and  
add permanganate solution until a strong pink color appears. 
Pass sulfur dioxide into the boiling solution for a few minutes, 
or until the vanadium  is reduced to the quadrivalent condition, 
and then a rapid stream of carbon dioxide free from oxygen until 
the solution is free from sulfur dioxide, as shown by bubbling 
the stream  through a feebly acidified dilute solution of per­
m anganate. T he direct use of a solution of sulfur dioxide or of 
any alkali sulfite is inadmissible unless these have been freshly 
prepared, for after a lapse of tim e they contain other oxidizable 
bodies than sulfurous acid or sulfite. Sulfur dioxide is m ost 
conveniently used from a cylinder of the liquefied gas, or it  m ay  
be obtained as wanted by heating a flask containing a solution  
of sulfur dioxide, or of a sulfite to which sulfuric acid is added . 33 
Sulfur dioxide m ust, of course, be entirely removed before the 
succeeding titration. Cool the solution to 60° to 80° C. and 
titrate w ith 0.03 N  potassium  permanganate solution which 
has been standardized against sodium oxalate. R epeat the 
reduction and the titration until concordant results are obtained. 
The titration should be corrected by a blank determination  
(usually am ounting to about 0 .1 0  cc.) on a solution of like volum e 
and acidity. The final solution m ay be evaporated to small 
volum e and qualitatively tested for vanadium  with hydrogen  
peroxide in acid solution, or w ith  hydrogen sulfide in  ammoniacal 
solution.

38 T u n gstic  acid  reta in s van adiu m  (ab out 0.01 rag. for each  per cen t  
o f tu n gsten  in  th e  stee l [K elley , W iley , B oh n , and W right, T in s  J o u r n a l ,
11, 633 (1 919 )]. C on seq u en tly , if  a n y  appreciable a m ou n t is  p resent a t  
th is  s ta g e , th e  so lu tion  m u st be filtered and th e  w ashed residue d isso lved  
in  an  excess o f am m on ia . V anadium  is th en  separated  from  tu n gsten  
b y  th e ad dition  o f 1 g. o f a lu m , p recip ita tion  by a s ligh t excess o f  am m onia , 
filtration  and w ash ing. T h e  p rec ip ita te is d isso lved  in h o t d ilu te  h ydro­
ch loric acid , h eated  w ith  1 to  2 cc. o f sulfuric acid  till fum es appear, and  
th e  so lu tion  added  to  th e  original filtrate.

17 L oc. cit., p. 200.
M " E lectro -an a lysis ,”  5 th  cd ., p. 62 , P . B lak iston ’s Son & Co.
>• W . F . H illebrand , U . S .  Crol. S u rv ., B u ll.  700 , 186.

This method is not as troublesome as might appear at 
first sight, and is quite rapid if such facilities as an electro­
lyzing apparatus and cylinders of sulfur dioxide and carbon 
dioxide are at hand. When the mercury has become sat­
urated with iron and chromium, a fair degree of purification 
can be attained in a few minutes by shaking in a separatory 
funnel with concentrated hydrochloric acid.10

The following results reported for renewal No. 306 (recom­
mended value =  0.215 per cent vanadium) indicate the 
performance of the different methods: colorimetric method23 
(0.1S, 0.21), 0.19; Johnson’s method, 11 0.22,1,2 0.20; Garratt’s 
modification of Johnson’s method,43 0 .22; Kelley’s electro­
metric titration method, 0.22, 0.22; Cain and Hostctter’s 
method,'11 (0.26, 0 .20), 0 .20; Campagne’s method,33 0.18, 
0.19, 0.20; Blair’s method45 (final procedure as in Campagne’s 
method), 0.22; Method I, 0.21, 0.21, 0.18, 0.20, 0.21, 0.20; 
Method II, 0.22,0.21, (0.16,0.21), 0.20.

In careful analyses an accuracy to =*=0.01 per cent can be 
easily attained with steels containing 1 per cent of vanadium 
and ± 0.02 per cent with steels containing 2 per cent. In 
routine analyses an accuracy to ± 0.02 per cent in low vana­
dium steel and =*=0.04 for 1 per cent, and =*=0.06 for 2 per cent 
vanadium steels is to be expected.

40 F or m ore com p lete  purification , see J . H . H ildebrand, J .  A m . Chem . 
Soc., 31, 933 (1909).

41 L oc. cit.
41 W ith  prelim inary rem oval of copper.
43 G arratt, T h is  J o u r n a l , 4, 256 (1912).
44 C ain and I lo s te tter , Ib id ., 4, 250 (1912). r
45 B lair, loc. cit., p. 209.

Wearing Qualities of Shoe Leathers
W earers of shoes need definite information on the wearing 

quality of leather to enable them  to buy shoes economically; 
tanners need such knowledge to enable them to make high-grade 
leather and to use their raw material to the best advantage and 
at the lowest cost. To supply this information, the Bureau of 
Chem istry in 1919 began a series of experiments a t various 
arm y training camps, which furnish the basis for a bulletin re­
cently issued by the Departm ent of Agriculture.

I t  was evident from these experiments that shoe uppers made 
from the better portions of cow-grain leathers of good quality  
will outwear two or more soles. Fiber soles of the kinds used 
were not suitable for the conditions of wear, owing principally to 
the fact that as soon as the soles had worn down through the 
stitches they frequently ripped and broke off. Imperfections, 
such as ripping, bulging, chipping, and breaking, were numerous 
in the fiber soles.

Disregarding the possibility of m isfitting, a full double sole 
and double shank of heavy leather seems to  be responsible for 
the wasteful excessive toe wear, as such a shoe bends but little and 
the weight of the body is concentrated at the extreme end of 
the sole, instead of being distributed over a greater area a t the 
ball.

The serviceability of various tannages, based on a standard 
thickness of 9 irons, was found to be as follows: oak bark, 78 
days; hemlock bark, 79 days; chestnut wood extract, 80 days; 
belting, 85.5 days; waxed chrome, 102  days; unwaxed chrome, 
126 days; and fiber soles, 122 days. Am ong the outstanding in­
dications of the experiments are the superior pliability of re- 
tanned-chrome and chrome-tanned upper leathers, certain ob­
jectionable features of fiber soles and the long wear of those that 
did not develop such features, the increased serviceability of rolled 
sole leathers, and the strikingly longer wear of chrome-tanned  
sole leathers, especially of the unwaxed chrome-tanned leather.

SUGGESTIONS TO AUTHORS

T he booklet “Suggestions to Authors,” which we recently an­
nounced was in preparation, is now ready for distribution, and 
copies will be mailed to those who will send a request therefor to  
the editor’s office.

Cooperation of authors in following these suggestions will be 
greatly appreciated in the editorial office, and by lessening am­
biguity and thus making possible more prompt publication will 
help to bring about better satisfaction to all concerned.
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The Freezing Point-Solubility Diagram of the System 
Tetry 1-Picric Acid1

By C. A. Taylor and W illiam  H . Rinkenbach

B u r e a u  o p  M in u s , P it t s b u r g h , P a .

T HE freezing point curves of the binary systems of 
T N T -tetryl2 and TNT-picric acid3 have previously 
been determined by the writers, and the freezing point 

curve of tetryl-picric acid, as herein discussed, completes 
the series.

The method, apparatus used, and the purification of the 
materials employed in this work have been described in 
detail in the articles mentioned. The tetryl had a setting 
point of 128.72° C., and that of the picric acid was 121.9° C. 
Each was melted and cooled before being used.

Considerable difficulty was encountered in obtaining ac­
curate check results on the same mixture in the course of 
the work on mixtures of tetryl and picric acid. This diffi­
culty was found to be due to a tendency on the part of these 
mixtures to supercool to a remarkable degree. For example, 
a melt containing 50 per cent of each component cooled to 
room temperature without the formation of a solid phase. 
The cold, extremely viscous liquid so obtained remained in 
this state for about 10 days, although the forcing of crystal­
lization by means of “seeding” was attempted, and it then 
solidified very slowly. Another melt that was constantly 
agitated supercooled to room temperature, began to solidify 
slowly after 2 hours, and caused a rise in temperature of only 
2 degrees.

,__ M o l e c u l a r P e r c e n t a g e OF ------ -N
C ooling
P o in ts M eltin g

T etry l
Picric
A cid T etry l

Picric
A cid

Found  
A verage ° C.

P o in t
° C .

0 .0 0 1 0 0 .0 0 0 .0 0 1 0 0 .0 0 1 2 1 .8
1 5 .0 0 8 5 .0 0 1 2 .3 4 8 7 .6 6 1 1 1 .7 5
3 0 .0 0 7 0 .0 0 2 5 .4 8 7 4 .5 2 9 9 .9
4 0 .0 0 0 0 .0 0 3 4 .7 2 6 5 .2 8 9 0 .0
4 5 .0 0 5 5 .0 0 3 9 .5 0 6 0 .5 0 8 4 .8 8 5 .6
4 7 .5 0 5 2 .5 0 4 1 .9 2 5 8 .0 8 8 1 .0 5
5 0 .0 0 5 0 .0 0 4 4 .3 8 5 5 .6 2 7 6 .6 5 8 5 .5
5 2 .5 0 4 7 .5 0 4 6 .8 6 5 3 .1 4 7 2 .2 8 5 .5
5 5 .0 0 4 5 .0 0 4 9 .4 3 5 0 .5 7 8 5 .5
5 8 .0 0 4 2 .0 0 5 2 .4 2 4 7 .5 8 7 Ï .  3
GO. 00 4 0 .0 0 5 4 .4 8 4 5 .5 2 S 1 .0
6 2 .0 0 3 8 .0 0 5 6 .5 5 4 3 .4 5 8 4 .2 84 ! 6
0 5 .0 0 3 5 .0 0 5 9 .7 1 4 0 .2 9 9 0 .1
7 0 .0 0 3 0 .0 0 6 5 .0 5 3 4 .9 5 9 8 .3
7 7 .1 4 2 2 .8 6 7 2 .9 2 2 7 .0 8 1 0 8 .9
8 8 .1 2 1 1 .8 8 8 5 .1 4 1 4 .8 6 1 2 0 .2
9 0 .0 0 1 0 .0 0 8 7 .7 8 1 2 .2 2 1 2 1 .7 5

1 0 0 .0 0 0 .0 0 1 0 0 .0 0 0 .0 0 1 2 S .72

acid. Curves showing the lowering of the melting points 
of the pure components in the usual way are obtained except 
in mixtures containing 44 to 63 per cent tetryl. A melt con­
taining 50 per cent of each component, for example, gave 
a cooling curve of the type shown in Fig. 2. The maximum 
temperature attained (d in Fig. 2) varied in individual cases 
from 75.6° to 81.9° C. When this same mixture was allowed 
to solidify and was then slowly heated, a curve (Fig. 3) indi­
cating a melting point of 85.5° C. was obtained. The other 
mixtures within this concentration range gave similar results.

TETRYL. PER CENT

F ig . 1— F r e e z in g  P o in t  C u r v e  o f  T e t r y l  a n d  P ic r ic  A cid

i ,«  74

In addition to the use of cooling curves for the derivation 
of equilibrium data, it was found advisable to employ heating 
curves. These were obtained by gradually heating the 
previously cooled melt in the apparatus used for cooling 
curve work, the temperature of the bath being slightly higher 
than that necessary for the formation of a homogeneous solu­
tion. The rise in temperature of the melt was steady until 
the saturation temperature was reached, when there was a 
period during which the temperature of the melt remained 
constant.

The results obtained by the use of both cooling and heating 
curves are shown in the table and in Fig. 1.

I n t e r p r e t a t i o n  o f  R e s u l t s

Inspection of the curve derived from the foregoing data 
shows a different type than TN T -tetryl and TNT-picric

i R ece iv ed  M a y  1, 1923. P u b lish ed  b y  perm ission o f th e  D irector, 
U . S . B ureau  o f  M in es. '

1 T h is  J o u r n a l , 15, 73 (1923).
*lbid., .15, 795 (1923).

X

600 800 1000 1200 
TIME OF COOLING. SECONDS

F ig . 2— C o o l in g  C u r v e  o f  M ix t u r e  o f  T e t r y l  a n d  P ic r ic  A c id

Plotting these results (Fig. 1), we have a curve indicating 
the formation of a compound of the components. However, 
on account of the great tendency on the part of this compound 
to supercool, as previously shown, it was possible to complete 
the curve on both branches through the metastable condi­
tion.

C o m p o s i t i o n  o f  C o m p o u n d  F o r m e d

Calculation shows that the percentage composition of the 
simple compounds usually formed in such cases is as follows:

1 m olecu le te tr y l : 2 m olecu les p icric acid
1 m olecu le te try l : 1 m olecu le picric acid
2 m olecu les te try l : 1 m olecu le p icric acid

38.52  per cen t te try l 
55.62  per cen t te try l 
71 .47  per cen t te try l
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1?ig . 3 — C u r v e  S h o w in g  R is e  i n  T e m p e r a t u r e  as  M ix t u r e s  o f  T e t r y l  
a n d  P ic r ic  A c id  A r e  H e a t e d  at  U n if o r m  R a t e s

From this it would appear that the compound formed con­
sists- of one molecule of tetryl and one molecule of picric 
acid, as the others are outside the concentration range covered 
by the flat portion of the curve.

Melts of the pure components and various melts of these 
two were submitted to W. M. Myer, petrographer of the

Bureau .of Mines, Pittsburgh, Pa., for examination. He 
found that there was a third substance present in the melts, 
but owing to the high refractive indices of all the substances, 
it was not possible to make quantitative comparisons.

A p p l ic a t i o n  o f  t h e  D a t a

The data can be applied to the analysis of mixtures of 
tetryl and picric acid in the manner described in the paper 
dealing with mixtures of TNT and tetryl.2 However, it 
is difficult to use this method within the concentration range 
44 to 63 per cent of tetryl, because of the difficulty in ob­
taining accurate checks and the peculiarities of this portion 
of the curve. The difficulty in obtaining accurate checks 
may be ascribed to the fact that the supercooled mixtures 
are rather viscous. Thick suspension of air bubbles is quickly 
formed when the melt is stirred, and this prevents an even 
rate of heat transference, so that the uneven rate of cooling 
under the best of conditions yields results that are not within 
the usual range of accuracy.

A c k n o w l e d g m e n t

The writers wish to express their appreciation of the many 
helpful suggestions on the interpretation of the data given 
by R. E. Hall, physical chemist of the Pittsburgh Experi­
ment Station, Bureau of Minos.

The Separation of Tin from Other Metals'
Including Its  Determ ination after Precipitation by Means of Cupferron

By N. Howell Furman

P r in c k t o n  U n iv e r s it y , P r in c e t o n , N . J,

K ling and Lassicur have proposed the use of cupferron as a 
precipitant for quadrivalent tin. This method has been studied  
in detail, and found to be rapid, convenient, and accurate. It is 
especially suitable in connection with the analysis of tin-antimony 
alloys by the M cCay method.

A n  alternate electrolytic method which K ling and Lassieur 
recommend highly has not been found to be satisfactory for the rapid  
determination of tin.

Attention has been called to a widespread serious misunder­
standing of the conditions which are necessary for the separation 
of antimony from  tin in dilute hydrofluoric acid solutions.

B y  means of established methods, together with some additional 
ones here described, tin may be separated from  copper, lead, 
arsenic, antimony, bismuth, cadmium, zinc, manganese, cobalt, 
and nickel.

NEARLY all the metallic elements which are commonly 
associated with tin in alloys—namely, cadmium,2 
copper, lead, bismuth,2 arsenic, and antimony—may be 

separated completely from quadrivalent tin by precipitation 
with hydrogen sulfide in solutions which contain a moderate 
concentration of hydrogen fluoride (about 1 per cent by 
weight). In his comprehensive scheme of qualitative analysis, 
Noyes3 made mention of the possible use of dilute hydrofluoric 
acid solutions of certain metals in quantitative analysis.

McCay has proved that the separations from tin are quan­
titative in the cases of antim ony/ lead,5 copper,6 and arsenic.6 
His experiments prove that the separations are successful 
only when antimony and arsenic are present quantitatively 
in the trivalent, and tin in the quadrivalent state. Iron 
and zinc, if present, will be found in the filtrate which con­
tains the tin. Preliminary results indicate that under the

1 R eceived  M arch  23, 1923.
2 T h u s far q u a lita tive  experim ents on ly  h ave b e e n ' m ade in th e in ­

stances o f cadm ium  and b ism uth . See F oo tn o te  4.
» Tech. Q uarterly, 16, 93 (1903); 17, 214 (1904).
< J .  A m . Chem . Soc., 31, 373 (1909).
‘ Ib id .,  32, 1241 (1910).
• Ib id .,  45, 1187 (1923).

conditions recommended by McCay5 in his scheme for the 
analysis of the tin-antimony alloys, no zinc is precipitated 
with the copper sulfide. This detail is being studied further.

McCay has proposed a simple and accurate method for 
the analysis of the tin-antimony alloys, which is based upon 
his excellent method for the separation of antimony from 
tin.4-5 The only criticism of the original method of which 
the author is aware was directed toward the necessity of 
using a platinum dish to remove the hydrogen fluoride before 
a determination of tin could be made.

It was later shown by the author that the fluorine can 
be removed from the sphere of action by the addition of a 
large excess of boric acid to the solution. After the fluorine 
has thus been bound, perhaps in the little dissociated anion, 
BF*- , a complete precipitation of the tin as sulfide can be 
made in a glass vessel.7 Alternately, it  was pointed out 
that the tin can be deposited electrolytically after the addi­
tion of oxalic acid.8 The current efficiency was extremely

1 Furm an, J .  A m . Chem . Soc .,  40, 895  (1918).
• T h e d eta ils  w hich are described in C lasscn-H all, “ Q u an tita tive A nal­

ysis  by  K lectrolysis,"  5th  ed ., 1913, p. 135, John W iley & Sons, Inc ., were 
followed.
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low, however, and the process was so time-consuming as 
to be impractical.

Recently, Kling and Lassieur” have recommended the 
McCay method for the separation of antimony from tin,4 
followed by the precipitation of the tin in the filtrate by 
means of cupferron, after the addition of a large excess of 
boric acid. In a subsequent communication10 they state 
that the electrolytic precipitation of the tin is to be preferred 
to the precipitation by means of cupferron. They have 
found that a complete deposition of tin may be made in 
20 minutes by using a current of 4 to 5 amperes and an 
apparatus suitable for rapid electro-analysis. (The elec­
trode areas were not stated, nor w ere.any experimental 
results given.)

Their solutions differed from those which were previously 
employed by the author only in having present 2.5 grams 
tartaric acid, 5 to 10 grams sodium acetate, and 10 cc. con­
centrated hydrochloric acid, in addition to the quantities 
of other substances normally present.

An extended series of quantitative experiments was made 
in which the conditions were as closely as possible those of 
Kling and Lassieur. Each solution contained 0.1 to 0.25 
gram tin, 5 cc. 4S per cent hydrofluoric acid, 4 to 6 grams 
boric acid, 5 to 7 grams ammonium oxalate, 5 to 10 grams 
crystallized sodium acetate, and 5 to 10 cc. concentrated 
hydrochloric acid (specific gravity, 1.19). The tin was intro­
duced in the form of stanni-ammonium chloride solution 
containing appropriate quantities of hydrochloric acid. 
The total volume was between 100 and 200 cc. A current 
strength of 4 to 5 amperes per 100 sq. cm. cathode surface 
at 4 to G volts was employed; the speed of anode rotation 
was GOO to S00 per minute. In no case was the tin completely 
deposited in one hour. The quantities not precipitated 
varied from 1 to 3 mg. A further electrolysis of 1 to 2 hours 
under the same conditions was necessary to complete the 
deposition. The small quantities of tin which were not pre­
cipitated in the first hour were always recovered upon con­
tinued electrolysis with cathodes freshly plated with copper; 
much less than 1 mg. of tin could be easily seen under these 
conditions.

With stationary electrodes, employing a current of 0.5 
ampere per 100 sq. cm. cathode at 3 to 4 volts, other condi­
tions as described above, complete deposition of the tin 
required 20 to 24 hours. In the original experiments,7 which 
were made with sulfate solutions and without sodium acetate, 
the time required with stationary electrodes was 40 to 48 
hours, other conditions being as here described. The accel­
eration of the deposition is undoubtedly due to the presence 
of both acetates and chlorides.11 Even with these additions, 
the method leaves much to be desired.

Kling and Lassieur state that the cupferron precipitation 
of tin is most satisfactory from the standpoint of rapidity, 
ease of washing, and ignition of the tin to constant weight 
as oxide. Inasmuch as only three test analyses were given 
in the two papers cited, it seemed desirable to investigate 
the method further, especially since these results were ob­
tained after precipitation of the antimony from a “hydro­
chloric acid solution of the two metals oxidized by potassium 
chlorate.” Such a procedure makes the separation of the 
antimony from tin absolutely unreliable.12

Numerous qualitative experiments have shown conclu­
sively that dilute hydrofluoric acid solutions of anlimonic

9 C om pt. rend., 170, 1112 (1920).
10 Ib id ., 173, 10S1 (1921).
■' E n gels, B cr., 28, 3187 (1S95).
1S H . H . W illard has pointed  ou t (p rivate com m unication) th a t th e ac­

curacy o f th e tin  results would n ot be affected  since q u in qu iva len t an tim on y  
is n ot p recip itated  b y  cupferron. T h is  suggestion  w as stud ied  experi­
m en ta lly  and found to be correct. K lin g  and Lassieur g ive  resu lts w hich  
arc correct for both  an tim on y  and tin.

compounds arc very sluggishly, or not at all, affected by a 
rapid stream of hydrogen siilfide in one hour.13 A new 
series of experiments was made in which Kling and Lassieur’s 
directions were carefully followed. Mixtures of 0.1 to 
0.3 gram each of pure tin and antimony were dissolved by 
10 cc. concentrated Hydrochloric acid with gradual addition 
of 1 to 1.5 grains of potassium chlorate. In a second series 
dilute hydrochloric acid (specific gravity, 1.10) was used. 
These solutions were neutralized with sodium hydroxide, 
5 grams tartaric acid were added,, and the solutions, after 
warming until clear and cooling, were transferred to paraffin 
beakers. Ten grams crystallized sodium acetate and 10 cc. 
48 per cent hydrofluoric acid were added. After dilution 
to 300 cc. and standing for one-half hour, each solution was 
treated with a rapid stream of hydrogen sulfide for one hour. 
The amounts of antimony thus precipitated ranged from 
0.6 to 54 per cent of the quantities known to be present. 
Presumably, these figures represent the portion of the anti­
mony which was not oxidized by the potassium chlorate.

Abundant evidence of the presence of antimony in the 
filtrate was always obtained upon adding an excess of boric 
acid, warming the solution in a glass vessel, and again satu­
rating it with hydrogen sulfide. The presence of a large 
amount of antimony sulfide admixed with the tin sulfide 
thus precipitated was confirmed by careful qualitative work.

A similar erroneous idea of the conditions which are neces­
sary for the separation of antimony from tin by the McCay 
method is to be found in the work of Ibbotson and Aitcheson.14

It cannot be too strongly emphasized that the antimony 
must be in the lower state of oxidation in order that this 
separation shall be complete.

E x p e r i m e n t a l

A solution of stannic tin was prepared by dissolving about 
4 grams of pure tin (the tin was of known high degree of 
purity, having been tested in connection with previous 
investigations of this series4’6) in 40 cc. of hot concentrated 
sulfuric acid. The solution was diluted to a liter after the 
addition of enough hydrochloric acid to prevent hydrolysis. 
Known portions of this solution were taken for analysis. 
Volumes recorded are at 20° C. The tin was precipitated 
as metastannic acid and weighed as oxide, following the 
method of Rose.16 The following values were obtained:

S olu tion  Taken  
Cc.
25
50
25
25

A verage 25

T in  Found  
Gram  
0 .1 0 3 2  
0.2002 
0 .1 0 3 1  
0.1011 
0 .1 0 3 1

P r e c i p i t a t i o n  o f  T i n  " b y  M eans o f  C u p f e r r o n —  

Numerous analytical uses of cupferron (nitrosophenyl- 
hydroxylamineammonium) have been proposed since this 
reagent was first introduced by Baudisch.16 A compre-

13 T h e au thor has m ade m any, q u a lita tive  experim ents, d isso lv in g  0 .5  
to  1.0 gram  of pure potassium  an tim on ia tc  in hydrofluoric acid (5 to 10 
cc .). U pon d ilu tion  to 250 to 350 cc. and passage of hydrogen sulfide for 
on e hour, a  sligh t yellow  coloration som etim es appears after th e first half 
hour. U pon stand in g , th e  so lu tion  generally  becom es clear in a few  hours. 
W ith a deficicncy o f acid , h ow ever, m ore or less rapid p recip itation  o f a n ti­
m on y m ay occur.

>* “ T h e A nalysis o f N on-F errou s A lloys,"  2nd cd ., 1922, p. 132, 
L ongm ans, Green & C o., has th e  follow ing erroneous sta tem en t: “ For  
th is separation (i. c ., an tim on y  from tin) the m etals should exist in the higher 
sta te  o f oxid ation  in hydrochloric acid  so lu tion .***  T h e solu tion  *** is treated  
w ith  an  excess o f tartaric acid  and then  neutralized  w ith  sodium  h ydrate. 
A solution  o f 48 per cen t hydrofluoric acid  is then  ad ded, and th is is followed  
b y  an excess of sodium  aceta te . A fter d ilu tin g  largely *** th e an tim on y  is 
precip itated  b y  a current of su lfurctted  h ydrogen ,” etc. N o  m ore un­
su itab le  con d ition s could well h ave been chosen!

™ Pogg. A n n .,  102, 16*1 (1861).
«6 Chcm . Z tg ., 33, 1298 (1909).
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hensive review of these uses has recently been made by 
Lundell and Knowles.17 Marvel and Kamm1® have studied 
and improved the methods of preparing cupferron. Pre­
sumably, the tin precipitate with cupferron is essentially 
Sn(C6H5N 202)<. Auger19 states that he has commenced 
a study of the complex salts of cupferron with molybdenum, 
tin, and cerium; hence no attempt was made to establish 
the composition of the precipitate.

Known portions of the tin solution were taken. In a 
number of cases the conditions were as nearly as possible 
those which would be encountered in the analysis of a copper- 
lead-tin-antimony alloy by the McCay method—namely, 
0.1 to 0.3 gram tin, 5 cc. 48 per cent hydrofluoric acid, 4 
grams boric acid, 2 to 5 cc. concentrated sulfuric acid, and 
5 to 10 cc. concentrated hydrochloric acid in a total volume 
of 200 to 500 cc.

The cupferron was added in the form of a 10 per cent solu­
tion. The solution was filtered before using. Such a solu­
tion is stable for several weeks.50 Upon the addition of 
the reagent the tin precipitate separates in a white form, 
which is possibly an emulsion; it rapidly assumes a curdy 
appearance. Upon vigorous stirring in the presence of an 
excess of cupferron the precipitate generally passes through 
a stage in which it resembles superficially plastic sulfur. 
Finally, it becomes compact and brittle, and may be crushed 
to a powder with a glass rod.21 The whole series of trans­
formations usually requires 30 to 45 minutes. Kling and 
Lassieur commence the filtration when the curdy state has 
been reached. In this study excellent results were obtained 
with the brittle precipitate, the filtration being very rapid. 
The precipitate ordinarily has a yellowish appearance when 
it has become brittle and compact. There is a very notice­
able clearing up of the solution when precipitation is complete. 
A liberal excess of cupferron is desirable.

The precipitate was washed with cold water. Precipitation 
and washing may easily be completed in less than an hour. 
After drying in a weighed crucible, the organic matter was 
expelled by gentle ignition. The stannic oxide was brought 
to constant weight in the usual manner. If the quantity 
of tin is larger than 0.1 to 0.3 gram, it becomes increasingly 
difficult to remove carbon. By breaking up the precipitate 
after the first ignition a rapid removal of carbon is effected.

Solutions of hydrofluoric acid to which an excess of boric 
acid has been added have only a slight solvent action upon 
glass, even on boiling. Nevertheless, those precipitates 
which were obtained from such solutions were tested for the 
presence of silica. A portion of the ignited stannic oxide 
was transferred to a platinum crucible and brought to con­
stant weight. A few drops of water and dilute nitric acid, 
and 5 cc. 4S per cent hydrofluoric acid were added. Upon 
evaporation and ignition no change in weight occurred.

T a b l e  I— D e t e r m in a t io n  ok T in  a f t e r  P r e c ip it a t io n  by  M e a n s  o f

T in  T ak en
C u p f e r r o n  

. T in  Found Error T ota l Vc
E xp t. Gram Gram M g. Cc.

1 0 .1 0 8 3 0 .1 0 8 7 0 .4 300
2 0 .2 0 0 S 0 .2 0 0 0 - 0 . 2 170
3 0 .1 0 3 4 0 .1 0 3 2 - 0 . 2 170
4 0 .1 2 1 6 0 .1 2 2 1 0 .5 400
5 0 .2 1 3 8 0 .2 1 4 2 0 .4 400
6 0 .2 0 6 8 0 .2 0 0 2 - 0 . 6 500
7 0.1,034 0 .1 0 3 0 0 .2 250

S e p a r a t i o n  o f  T i n  f r o m  Z in c — Zinc and iron, when 
originally present in a tin alloy, will be found in the filtrate 
which contains tin in the course of thé anal\rsis by the methods 
mentioned.5 Cupferron will of course precipitate the iron 
with the tin. The amounts of iron in tin alloys .are gen­
erally small. It seems obvious that the iron oxide could be 
extracted from the ignited precipitate and its amount deter­
mined by a suitable method.

Experiments prove that a very satisfactory separation of 
tin from zinc is effected by precipitation with cupferron.

A solution of pure zinc sulfate was prepared and standard­
ized, the zinc being weighed as pyrophosphate.

Zinc S o lu tion  T aken  
C c.
25
50
25
50

A verage 25

Zinc Found  
Gram  
0 .1 4 8 4  
0 .2 9 4 8  
0 .1 4 8 1  
0 .2 9 5 S  
0 .1 4 7 9

Known portions of the zinc and tin solutions were mixed. 
The tin was precipitated by means of cupferron, and weighed 
as oxide.

The determination of zinc in the filtrates was a matter of 
considerable difficulty. The method cannot be recommended 
when a rapid determination of the zinc is essential. Zinc 
was weighed as the pyrophosphate, either after repeated 
precipitations as the double ammonium phosphate, with 
intervening filtrations to remove organic matter, or after 
previous precipitation as the sulfide.

T a b l e  II— S e pa r a t io n  o f  T in  fr o m  Z in c  by  M e a n s  o f  C u p f e r r o n

T in T in Zinc
Tak en Found Error T ak en Z inc Found Error

E xp t. Gram Gram M g. Gram Grain M r.
1 0 .1 0 3 4 0 .1 0 3 7 0 .3 0 .1 4 7 9 0 .1 4 9 1 1 .2
2 0 .2 0 6 8 0 .2 0 6 9 0 .1 0 .1 4 7 9 0 .1 4 8 9 1 .0
3 0 .1 4 4 8 0 .1 4 4 4 - 0 . 4 0 .2 9 5 8 0 .2 9 5 3 - 0 . 5
4 0 .1 0 3 4 0 .1 0 4 0 0 .6 0 .1 4 7 9 N o t  determ ined
5 0 .1 0 3 4 0 .1 0 3 2 - 0 . 2 0 .2 9 5 8 N o t  d eterm ined
6 0 .2 0 6 S 0 .2 0 7 3 0 .5 O'. 1479 0 .1 4 8 4 6 .5
7 0 .1 0 3 4 0 .1 0 3 7 0 .3 0 .2 9 5 8 0 .2 9 5 6 - 0 . 2

In Experiments 2 and 6 no hydrofluoric acid was present. 
In these cases the filtrate was evaporated with nitric acid 
in order to destroy organic matter. The nitric acid was then 
expelled at the temperature of boiling sulfuric acid. The 
general conditions were similar to those of the experiments 
recorded in Table I.

S e p a r a t i o n  o f  T i n  f r o m  M a n g a n e s e ,  Z in c ,  C o b a l t ,  
a n d  N i c k e l —It seemed obvious that cupferron would 
separate tin from any or all of these metals. Solutions 
were prepared which contained known amounts of tin and 
from 0.1 to 0.15 gram each of manganese, nickel, cobalt, and 
zinc. Only the tin was determined.

T in  T aken  
Gram  
0 .1 0 3 4  
0 .2 0 0 8

T in  Found  
Gram  
0 .1 0 3 5
0 .2 0 7 3

G reetings E xchanged

W hile the Leather D ivision was in session at M ilwaukee, 
delegates from other parts of the world were already proceeding 
to Barcelona, Spain, to  attend the international m eeting of the 
Society of Leather Trades Chemists. In view  of the un ity  of 
purpose of the two organizations, the Leather D ivision author­
ized the sending of the following message by cable:

S o c ie t y  o p  L e a t h e r  T r a d e s  C h e m is t s , C ai.i.e  U r g u l  187, U a r - 
c e l o n a , S p a in : T h e L eath er D iv is ion  o f th e  A m erican C hem ical S o c ie ty
in congress assem bled  a t  M ilw aukee sen ds greetin gs and b est w ishes for a 
successful m eetin g . (S igned )  J o h n  A r t h u r  W il s o n , C hairm an.

In the first three. experiments no hydrofluoric acid was 
present.

”  T h is  J o u r n a l , 12, 344 (1920).
18 J .  A m . Chem . Soc .,  41, 276 (1919). A  b ib liography of th e uses of Later the following reply was received by cable: 

cupferron is g iven .
Com fit. rend ., 170, 995  (1920).

30 S ee references cited  b y  Lundell and K n ow les, loc. cit.
Ji F resen iu s, Z . anal. C hem ., 50, 37  (1911), describes a sim ilar series 

of transform ations of th e iron sa lt o f cupferron.

T h e S o c ie ty  o f L eather T rad es C hem ists in  conference th ank s the 
L eath er D iv is ion  o f th e A m erican C hem ical S oc ie ty  for its  greetings and  
good w ishes w hich are heartily  reciprocated.

(S igned ) E , S c h e i . l , President.
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Carbon Dioxide Content of Beverages1
A Rapid M ethod for Determ ination of Carbon Dioxide in Lightly Carbonated Beverages

B y Joseph Cannizzaro

113 H u d so n  S t ., N e w  Y o r k , N . V .

THE writer has had occasion to estimate the carbon diox­
ide content of beverages, especially near-beer, and has 
resorted to gas-volumetric and gravimetric methods 

such as can be found in standard books of analysis. For the 
most part these are either long and tedious or require one 
well versed with the method in order to obtain reliable results.

Of the gravimetric methods, that of Crampton and Trescot2 
was found to be the simplest and comparatively most com­
pact. A modified form of their apparatus was used to check 
the results of the writer’s rapid method. In principle their 
method consists in connecting the bottle of beverage with 
a standard carbon dioxide absorption apparatus and ab­
sorbing the gas in some weighed U-tubes; the difference 
in weight representing the carbon dioxide. This method 
is tedious and requires at least an hour for its proper execu­
tion, and even then the results obtained are not very reliable. 
Hence to an analyst who is called only once in a while to per­
form such an analysis its application is not very satisfactory. 
Obviously, the results of the gas-volumetric method are 
not accurate, owing to the fact that the carbon dioxide, 
usually collected over water, is absorbed by the latter to a 
considerable extent and thus vitiates the results.

The rapid method is based on the same principles as 
Warder’s method3 for the determination of a carbonate in 
the presence of a bicarbonate. It consists in quickly pipetting 
a definite volume of the well-cooled beverage and trans­
ferring, tip of the pipet under reagent, to a measured volume 
of standard sodium carbonate. The carbon dioxide reacts: 

N a 2CO, +  HjO +  C 0 2 =  2NaH CO j 

The sodium bicarbonate being neutral to phenolphthalein 
at a fairly low temperature while the sodium carbonate is 
alkaline, the unused carbonate may be titrated with standard 
acid to the disappearance of the pink color, if the titrated 
solution is kept at about 3° to 4° C.

As carbonated beverages contain more or less fixed acid, 
a correction must be applied for their presence. This is 
easily determined on a separate portion of the sample by 
boiling to expel the carbon dioxide, cooling, and titrating 
with the sodium carbonate solution, using phenolphthalein 
as the indicator. The volume of sodium carbonate used is 
subtracted from the total volume used before in order to 
obtain the volume really used up by the carbon dioxide.

If the very cold beverage cannot be opened without mani­
fest loss of gas, as indicated by excessive foaming and spilling 
over, this method cannot very well be applied. In the experi­
ence of the author this is of rare occurrence, especially when 
dealing with near-beer and other cereal beverages.

Specifically, the method found most adaptable for bottled 
near-beer and similar beverages is as follows:

P r o c e d u r e

The beer is first thoroughly cooled by means of cracked 
ice and salt in a pail of suitable size. While cooling, two 
burets are filled, one with 0.2 N  sodium carbonate and the 
other with 0.2 N  hydrochloric acid, the latter having been 
standardized against the former. Thirty cubic centimeters

1 R eceived  Ju ne 12, 1923.
7 U . S .  D ep t. A g r .,  B u r . C hem ., B u ll. 107.
« A m . C hem . J . ,  3 f N o . 1 (1881).

of the sodium carbonate are then measured out in a 600- 
cc. beaker. This and a 25-cc. pipet are placed nearby for 
rapid availability. When the bottle is cold and is still 
surrounded by ice, it is carefully and quickly opened, without 
causing the least agitation to its contents, by means of a 
common bottle opener. The 25-cc. pipet is then quickly 
inserted into the bottle and the beverage carefully measured 
and transferred to the sodium carbonate solution, tip of the 
pipet below the surface of reagent. The gas is seen to be 
readily absorbed. The solution is then diluted to about 
400 cc. with freshly boiled and cooled distilled water (to 
about 5° C.). One cubic centimeter of phenolphthalein 
indicator is then added and slowly titrated with the 0.2 N  
hydrochloric acid to the disappearance of the pink color. 
Twice the volume of the hydrochloric acid used is subtracted 
from the 30 cc. of the sodium carbonate in order to obtain 
the volume of the latter really used up by the carbon dioxide 
and fixed acids. It is clear from the reaction

N a 2CO, +  HC1 =  NaHCOa +  N aC l

that the volume of hydrochloric acid used with phenolphthal­
ein as the indicator is one-half the volume of the sodium  
carbonate present of the same normality.

To determine the fixed acids, another 25-cc. sample is 
placed in j i  600-cc. beaker, diluted to 100 cc. and brought 
just to a boil, avoiding prolonged boiling. It is then cooled 
by placing in the cracked ice and salt bath, diluted to 400 
cc. with very cold distilled water, and titrated with 0.2 N  
sodium carbonate using phenolphthalein as the indicator to 
the appearance of a pink color. This volume of sodium 
carbonate used is then subtracted from the total volume 
used in the first titration in order to obtain the volume of 
sodium carbonate used for the carbon dioxide. One cubic 
centimeter 0.2 N  sodium carbonate equals 0.0044 gram 
carbon dioxide.

Although it is highly desirable, when opening the cold 
bottle containing the sample, to draw the sample in the pipet 
as rapidly as possible, too much suction must not be applied 
with the lungs, lest the pressure on the surface of the beer in 
the pipet be so decreased as to cause evolution of gas. The 
rate of drawing must be reasonably regulated. This must 
be kept in mind with beverages containing foaming com­
pounds, as these have a special tendency to foam in the 
pipet. In such cases, provided the beverage is thoroughly 
cold, the foam may be disregarded and sucked directly into 
the mouth. After the proper volume of beverage has been 
drawn, it may be expectorated.

Apparently, an error is introduced in the process, of trans­
ferring the sample from the bottle to the standard solution, 
but it is very low, well within the limits of negligence. More­
over, this minute error is inherent in every method of deter­
mining carbon dioxide in beverages, contained in bottles 
sealed with the so-called crown corks.

Some beverages are highly colored so that a smaller sample 
or a larger dilution, or both, must be employed in order to 
observe the end point properly.

After some practice the analyst can judge the amount of 
sample to use and the dilution necessary to secure a solution 
suitable for titration.



October, 1923 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY 1075

In ordinary beverages like near-beer the specific gravity 
may be taken as 1.025, but if the beverage is somewhat thick 
it is best to determine it and apply correction accordingly. 
The specific gravity, however, can generally be neglected in 
the calculation, as the error incurred is quite inappreciable.

R e s u l t s  a n d  C o m p a r is o n  w i t h  G r a v im e t r ic  M e t h o d

The results of this method have been repeatedly checked 
against those obtained by the Crampton and Trescot method, 
and the checks are reasonably within the limits of experi­
mental error.

The following table shows eight analyses with a comparison 
of the gravimetric and the rapid methods:

Sam ple

---------------P k r  c e n t — C a r b o n  D i o x i d b --------------- y
G ravim etric  R apid  

M eth o d  M eth od  D ifference
1 0 .3 8 6 0 .3 8 5 0 .0 0 1
2 0 .4 1 0 0 .4 0 2 0 .0 0 8
3 0 .3 9 9 0 .3 9 5 0 .0 0 4
4 0 .3 0 0 0 .3 0 6 0 .0 0 6
5 0 .4 2 0 0 .4 1 2 O.OOS
6 0 .4 5 0 0 .4 4 4 0 .0 0 6
7 0 .3 7 6 0 .3 6 6 0 .0 1 0
8 0 .3 5 0 0 .3 5 8 0 .0 0 8

The first six samples were near-beer and the last two popu­
lar brands of soda water.

The same method, with slight modifications, is found in 
the Official Methods of the Association of Official Agricultural 
Chemists4 for determining carbon dioxide in mineral waters.

4 A csoc. Official A gr. C h em ., M eth od s, 1920 , p . 28 .

Applications of Vapor Pressure Measurements1
By H. S. Davis and Mary D. Davis

A r t h u r  D .  L i t t l b ,  I n c . ,  C a m b r i d o b ,  M a s s .

A  convenient vapor pressure apparatus consists of two sim ilar 
glass flasks connected to a  manometer tube and means whereby 
sealed glass containers fu ll  of liquids m ay be broken inside the 
flasks. Full details fo r the m anipulation of such a device arc given.

In  the recovery of light oils from  coke-oven gas by oil scrubbing, 
the light oil vapors are to ascertain extent absorbed as a whole, and  
selective absorption plays a smaller part than might be expected.
This fact m ay be partly  due to differences in the rates of diffusion 
of the vapors, the lighter ones lending to outstrip the heavier in their 
race to the absorbent oil.

I t  is possible to check UP the efficiency of a light-oil recovery plant 
by measuring the total partia l pressure of the light oils in the gas 
at Various points in the system, and also their tension from  the ab­
sorbent oil.

IN  PREVIOUS publica­
tions2 the writers have 
described a differential 

vapor pressure apparatus.
Further experimentation 
and the introduction of the 
device into commercial 
work have led to improve­
ments in its design along the 
lines of durability and ease 
of manipulation.

A p p a r a t u s

The apparatus (Fig. 1) 
consists of two similar glass 
flasks, each with a ground-
glass stopper and a capillary side tube, with stopcocks, 
connected to a manometer tube. Each flask is provided with 
a metal device whereby a small, sealed, glass container may 
be broken inside it. The following improvements are in­
cluded in the design shown in the figure:

M a n o m e t e r  Tube—This was formerly connected to the 
flask to form one rigid piece. The writers have found, how­
ever, that joints of rubber tubing at the points shown in the 
figure do much to relieve strain on the apparatus, and also 
permit manometer tubes of different lengths to be used on the 
same apparatus.

C o n t a i n e r s  f o r  L iq u i d s —Formerly the liquid whose 
vapor pressure was being measured was put into small glass 
bulbs which were attached to movable rods so that when de­
sired the bulb could be broken against the bottom of the flask. 
The containers now used are made from pieces of thin-walled 
tubing of 1 to 1.5 cm. outside diameter. The tubing is drawn 
to a capillary at one end and sealed off 1.5 cm. from the bulb. 
At the other end it is drawn to a somewhat larger capillary, 
which is cut off about 2 cm. from the bulb and left open for 
filling.

The metal breaking device has a holder to support the con­
tainer in a vertical position inside the flask. When it is de­
sired to release the liquid into the flask, the lower part of the 
breaking device is grasped with the left hand while the upper 
part is twisted with the right. This movement, acting on a 
simple contrivance, breaks off both the slender ends from the 
glass container and allows the liquid to flow evenly into the

1 R eceived  F ebruary 12, 1923.
* T h is  J o u r n a l , 10, 707 (1918 ); A dvisory  C ouncil for Scientific^aud  

Ind u stria l R esearch o f C anada, R ep ort 2 (1918).

flask. If any trouble is en­
countered in breaking off 
the capillary ends, it may 
be entirely eliminated by 
scratching them, before 
filling, with a file at the de­
sired points.

F i l l i n g  t h e  C o n t a i n ­
e r s —In previous descrip­
tions detailed instructions 
have been given for filling 
small containers by alter­
nate heating and cooling or 
by alternate lowering and 
raising of the air pressure. 
However, these methods are 

open to the following objections:
1— In the case of high-boiling liquids it is necessary to  heat 

them  so hot, in order to  obtain a vapor pressure sufficient to  
drive the air from the bulb, that decom position m ay begin. On 
the other hand, their vapor tensions a t ordinary temperatures are 
so low  that filling the bulb by changes of pressure is a slow process,

2 — In dealing with a liquid mixture there is a tendency to frac­
tional distillation of the liquid in the bulb.

3— Occasionally a bulb bursts through a too rapid change of 
pressure. Som etim es the loss of material in this way is a serious 
matter.

During recent investigations such methods of filling have 
been completely discarded and instead a capillary pipet, made 
by pulling out a piece of narrow tubing at one end, has been 
used. An outside diameter of 0.5 mm. for the capillary will 
enable ordinary liquids to be drawn with ease through a piece 
several centimeters long, and the inside diameter of the stem  
of the container through which it must pass need be very little 
larger. Such pipets made from glass tubing of 3-min. inside 
diameter, and provided with a graduation mark, have been a 
great convenience for introducing accurate amounts of 
liquids into small containers of various kinds.3

S e a l i n g  t h e  C o n t a i n e r s —To seal successfully the open 
stem of the container, filled with a volatile liquid, it is first 
heated evenly in a small flame, about 1 cm. from the bulb, and 
drawn out to a minute capillary. The container is now' put 
aside and allowed to cool completely, after which the capillary

* A  cap illary  p ip et o f th is kind should  be o f great u se  in m an y  p h ysico­
ch em ical op erations where it  is necessary  to  in trod u ce m easured q uan tities  
of liqu id s in to  sm all g lass con tain ers w hich are to  be scaled  up afterw ards in 
th e  b low pipe. F or in stan ce, m easurem ents of vapor d en sity  in th e  V ictor  
M eyer  ap paratus, of com p ressib ility  b y  certa in  m eth od s, and of h eats of  
com b u stion  in th e  B ertho let bom b are m ade on liqu ids preferably  a fter  
enclosing  th em  in  such  containers.
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end may be sealed off without disturbing the air pressure in­
side. Except in the case of very volatile liquids, it is not 
necessary or even desirable to seal off this final capillary at 
all, in which case the breaking device may be arranged to 
break off only the lower stem of the container.

Q u a n t i t y  o f  L iq u i d  i n  C o n t a i n e r —When dealing with a 
homogeneous liquid such as pure benzene, the actual vapor

pressure developed in 
the apparatus is inde­
pendent of the quantity 
of liquid used; but in 
the case of a mixture 
of two or more liquids, 
the vapor pressure de­
veloped is seriously af­
fected by this factor. 
This is due to the fact 
that the partial evapo­
ration into the flask, 
which takes place after 
the bulb is broken, 
somewhat changes the 
composition of the re­
sidual liquid. The part 

i'to- l which evaporates is
richer in volatile constituents than the remainder, so that the 
final vapor tension of the residual liquid is somewhat lower 
than the true vapor tension of the original liquid in the bulb. 
This error is present in all measurements of vapor pressure 
by the static method. When the composition of the vapor 
is known, the necessary correction can easily be calculated.

It will be found convenient, for all measurements of the 
vapor tension of liquids in this apparatus, to have the volume of 
liquid used one one-hundredth that of the volume of the flask.

P o t t i n g  i n  t h e  S t o p p e r s —The sealed containers are 
placed in the supports on the lower ends of the rods through 
the stoppers. The stoppers are slightly greased, put in place, 
and secured by small, stout rubber bands over the lugs. It 
is not necessary to wire in the stoppers.

W a t e r  B a t h —The flasks of the apparatus are immersed 
in a liquid bath until half their necks are covered, while the 
manometer tube remains outside.

C l e a n i n g  t h e  A p p a r a t u s —After the determination is 
completed the stopcock in the manometer is closed, the other 
stopcocks are opened, and the stoppers removed. The 
flasks are cleaned by wiping all grease from the insides of 
the necks and sucking out any remaining liquid through a 
small glass tube connected with the suction pump. They 
are then rinsed with a little benzene or alcohol, which is after­
wards sucked out. Between the apparatus and the suction 
pump there should be a small safety bottle to catch fragments 
of glass. Each of the flasks is then throughly cleaned of vapor 
by drawing air through it for at least 15 minutes in the follow­
ing manner: A  cork stopper, through which has been fitted a 
glass tube reaching nearly to the bottom, is placed in the 
flask. Suction is now applied to the stopcock and air is 
drawn in through the glass tube to the bottom of the flask and 
out at the stopcock.

Caution— It is of the utm ost importance that the apparatus 
be kept clean from any liquid of the kind whose vapor pressure 
is being determined. The stoppers m ust be removed from the  
apparatus as soon as the experiment is com pleted. If they  are 
left for long periods in the flask containing a volatile liquid, its 
vapor m ay penetrate the connecting tubes and rubber connec­
tions, causing trouble.

S p e c i f i c  D i r e c t io n s  f o r  M e a s u r in g  t h e  V a p o r  T e n s io n  
o f  a  L iq u id

(a) F ill a container w ith a measured quantity of liquid.
(,b) Place it  in the support attached to the right-hand stopper 

and insert the stoppers in the flasks.

(e) P ut the apparatus in the water bath. Open both stop­
cocks to  the air in order to  bring the pressures in both flasks 
to atmospheric, then open the manometer stopcock and 
close the other two.

{d) Read the m anom eter levels, estim ating w ith the eye to  
tenths of millimeters, a t 5-m inute intervals until the read­
ings are constant.

(e) Break the container.
(f ) Read the m anom eter levels a t intervals until they are con­

stant.
(g) Close the m anom eter stopcock, open the other stopcocks, 

rem ove the stoppers, and clean the apparatus.
(h) Read the temperature of the bath and the barometer pres­

sure.

The difference between the final-and initial readings gives 
the vapor tension from the liquid in terms of the manometer 
liquid. If the absolute value of this pressure is desired, cer­
tain obvious corrections must be applied. The largest of 
these arises from changes of air pressure in the two flasks 
caused by the movement of the manometer liquid. This 
correction is of special importance when a light liquid is em­
ployed and, in some cases, may amount to 25 per cent of the 
total reading.

The following measurements carried out on the tension of 
light oil from a sample of stripped oil from a well-operated 
American plant will illustrate the method:

Pressure in  M illim eters  
T im e of Oil (Sp. Or., 0.S6)
M in . N o . 1 N o . 2

0 (P u t ap paratus in bath) 3 .1 1 .5
5 1 .7 1 .2

10 0 .7 0 .6
16 0 .4 0 .4
20 0 .2 0 .1
25 0 .1 0 .0
30 (A pparatus a t  equilibrium  and ready for

experim ent) 0 .0 0 .0
0 (B roke bulb  o f oil in flask) 0 .0 0 .0
5 3 .6 3 .3

10 3 .7 3 .9
15 3 .8 4 .1
25 3 .9 4 .2
Pressure d eveloped 3 .9 4 .2
C orrection  fpr ch an ges in air pressures in flasks 0 .9 0 .9
T ota l pressure 4 .8 5 .1
Pressure in m illim eters of m ercury 0 .3 0 0 .3 2

D i f f u s i o n  o f  V a p o r s  a n d  I t s  R e l a t io n  t o  A b s o r p t io n  
P r o c e s s e s

The rates at which vapors are disseminated by true diffu­
sion and by convection currents are very different, as the 
following striking experiment will illustrate:

Fix firmly in one of the supports a container com pletely open 
and unrestricted at the top. Fill this w ith a volatile liquid to 
within a few m illim eters of the brim and leave it unsealed. Then  
lower the stopper gently into place in the flask. I t  will be found 
that the developm ent of pressure is surprisingly slow. Now  
break the lower stem  of the container, thus allowing the liquid 
to flow over the bottom  of the flask. The usual rapid develop­
m ent of pressure, caused m ainly by convection currents, will 
result.

It is [well known that the evaporation of a liquid into a gas 
at rest is determined principally by the rate of diffusion of 
its vapor through the gas which lies above it, and similar 
considerations must apply to the absorption of its vapor 
into a nonvolatile medium. It would reasonably follow 
that the rates at which two vapors are simultaneously ab­
sorbed from a gas into another medium must be somewhat 
influenced by the difference in their rates of diffusion in 
the gas. This difference is greater than that between their 
rates of diffusion separately in the gas, according to the 
curious law, first pointed out by Graham, that the move­
ment of the faster is accelerated and that of the slower 
retarded in simultaneous diffusion.

Of course, if equilibrium were reached at each point in the 
absorption system, Raoult’s law and the law of partial pres­
sures would hold. On the other hand, if equilibrium is not 
attained, there should be a tendency for the heavier and less 
diffusible vapor to be retained in the gas. It will be readily 
seen that such an effect would oppose selective absorption.
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T e s t i n g  E f f i c i e n c y  o f  B e n z e n e  ( L i g h t  O il ) S c r u b b e r s 5

If selective absorption of the various light oil vapors took 
place to any great extent in an ordinary scrubber, then 
the relative proportions of the constituents of the light 
oil in the absorbent oil would vary at different points, the. 
higher boiling constituents predominating in the first part of 
the washing system.'1

The selective absorption effect is much less than might be 
expected, and perhaps this can be explained by the diffusion 
effect pointed out above. But whatever the explanation, the 
fact remains that in an ordinary light oil scrubber the ben­
zene and toluene, to a certain extent, are absorbed, not in in­
verse proportion to their volatility, but as a whole. It re­
quires prolonged contact between the absorbing medium and 
the gas to effect a separation of the two vapors.6

For this reason vapor pressure measurements can be suc­
cessfully applied to the control of light oil scrubbers in the 
following ways:

1— The relative efficiencies of the different units can be com ­
pared by measuring the tension of light oil from samples of wash 
oil taken from various points in the system .

2— The measurements in N o. 1 can be checked by measuring 
the pressure of the residual light oil in the gas at these same 
points.

3— The efficiency of the stripping still can be checked by  
measurements of the tension of light oil from the debenzeneized  
oil. This is an im portant measurement because no am ount of 
scrubbing will ever reduce the benzene content in the gas below a 
pressure equal to  the tension of light oil from the debenzeneized 
oil.

The measurement of the vapor tension of light oil from 
an absorbent oil is a comparatively easy matter and has al­
ready been described.

Comparative measurements of the total pressure of light oil 
in the gas at various points in the system are carried out in the 
following manner: Into each flask of the vapor pressure ap­
paratus is put a sealed container filled with an accurately 
measured quantity of liquid benzene. (It is recommended 
that the volume of benzene used be one one-hundredth of the 
volume of each flask.) One flask of the apparatus is then 
filled with the gas to be analyzed and the other is left full of 
air. When the two containers are broken simultaneously, 
the differential pressure which develops between the two 
flasks is proportional to the vapor pressure of light oil origi­
nally present in the gas. The theory of these measurements 
has already been dealt with in previous publications.2 The 
writers failed, however, to lay enough stress on the importance 
of measuring equal volumes of benzene into the containers 
in each experiment and of preserving the same ratio between

* C antcllo , C an. C hem . M et., 6, 100 (1922).
* Sperr, G as A g e ,  41, 393 (191S).

the volumes of benzene and of the flasks in separate experi­
ments.

In 1917 tests were carried out with this apparatus on a 
light oil recovery plant operating under war conditions on 
coke-oven gas in Canada. The absorption system comprised 
six large washing towers of the hurdle type in series, through 
which the gas and wash oil were passed in countercurrent 
contact. In 1918 further tests were carried out. During 
the intervening period centrifugal sprays had been introduced 
before each of the first three towers in a vain attempt to 
increase the recovery.

The experienced operator of a modern benzene-recovery 
plant will at once perceive that this was a very inefficient re­
covery unit, and indeed, in view of the results obtained from 
these tests, radical changes were planned in it which were only 
cut short by the armistice.

A summary of the results from these tests is given in 
Table I.

D is c u s s io n  o f  R e s u l t s

Through the greater part of the absorbing system, the vapor . 
tension of light oil from the wash oil was nearly equal to 
the partial pressure of light oil in the gas at the corresponding 
point.- Indeed, the wash oil in the third tower actually gave 
up benzene to the gas, a condition which was traced to its 
relatively higher temperature there.

In spite of the superabundance of washing, a large part of 
the benzene passed through the towers unabsorbed. This 
condition was caused by the inefficiency of the stripping 
(Hirzel) still, which left a large percentage of light oil in the 
poor or debenzeneized oil. No amount of washing will ever 
compensate for inefficiency in the still.

The quality of coke-oven gas delivered to this plant varied 
much in quality. On May 13 the superintendent was an­
noyed by the small output of light oil, whereas on the 17th 
the yield was excellent. As will be evident from the table, 
these discrepancies were c’auscd, not by any change in the 
eificicncy of the benzene-recovery unit, but by variations in 
the quality of the gas.

G a s o l in e  a n d  S o l v e n t  R e c o v e r y

Many of the principles of benzene recovery are embodied in 
processes for the recovery of gasoline from natural gas or still 
vapors. There is, however, this difference, that the benzene 
is rather sharply defined from the other constituents of coke- 
oven gas in chemical and physical properties, whereas the di­
viding lines between the constituents of natural gas arc 
much less clearly marked, and the properties of the gasoline 
are greatly influenced by the methods of recovery. However, 
a study of the vapor pressures involved cannot fail to throw 
light on any system for gasoline or solvent recovery.

T a b l e  I — V a p o r  P r e s s u r e  M e a s u r e m e n t s  o n  t h e  S c r u b b i n g  T o w e r s  ( S i x  T o w e r s  a n d  T h r e e  S p r a y s , i n  S e r i e s )  o f  a  L i g h t  O h . - R e c o v i '.r y  P i . a n t  

L a s t  P o i n t  i n  S c r u b u k r s
S a m pl e  
R ich  oil 
R ich gas

G as from T ow er 1 
G as from  Tow er 2 

G as from  T ow er 3 

G as from  T ow er 4 

G as from T ow er 5 

G as from  T ow er G

P a s s b d  b y  G a s Septem b er, 1917 M a y  6. 1918 M ay  13, 1918 M ay 14, 191S  
6. 1

Entran ce S . 4 6 .1
? : ? } *

1st spray ... s 7 .0
T ow er 1 (2nd spray) 0 .2 5 .7

s i o l 3 1

5 .2

T ow er 2 (3rd spray) 4 .6 5 .0

T ow er 3 5 .0 } 3 -5 5 .0

T ow er 4 4 .8 4 .8

T ow er 5 3 .7 0 :8  } 3 .3

T ow er 6 3 .3 I : ? } 2 6 4 .3 4 .2
F rom  H irzel still 3 .0

M ay  17, 1918

1 0 .3  (5 .3 )  

(4 .3 )

M ay  18, 1918

5 .4

(4 .2 )

5 .8  (3 .9 )
(2.2) i 
( 2 .4 ) ] 2 .3P oor gas 

P oor oil
In  th e  case  of a gas, th e figures represent th e  to ta l partial pressures of th e lig h t o il vapors in m illim eter of m ercury; in the case  o f an oil th ey  refer to  

vap or ten sion s of ligh t o il in m illim eter o f m ercury. T h e  figures in p arenthesis in d icate  partial pressures of pure benzene (C«He).
T h e  tab le show s:

1— T h at th e  lig h t o il co n ten t of th e  cok e-oven  gas varied  from  d a y  to  d ay .
2— T h a t no ab sorption  w as tak in g  p lace in  T ow ers 3 , 4 , and 5.
3— T h a t ab ou t one-th ird  o f th e  ligh t o il passed through th e  scrubbing sy stem  unabsorbed.



1078 IN D U S T R IA L  A N D  ENGINEERING CH EM ISTRY Vol. 15, No. 10

Preliminary Examination of W ater Samples1,2
Calcium and Sulfate by T urbidity  and Hardness by the Soap M ethod

By W . D . ColJins and M argaret D . Foster

U . S. G e o l o g ic a l  S u r v e y , D e p a r t m e n t  o p  t h e  I n t e r io r , W a s h in g t o n , D . C.

IN  a laboratory where 
samples of water re­
ceived for analysis may 

contain from 25 to 25,000 
parts per million of dis­
solved mineral matter, it is 
well worth while to make 
a preliminary examination 
before proceeding to evap­
orate the part of the sam­
ple that is to be used for 
the complete mineral analy­
sis. The preliminary exam­
ination ordinarily involves 
the determination of the 
acid radicals present in con­
siderable quantities and the 
calcium and magnesium or 
their equivalent. From 
these results it  is possible 
to calculate the sodium 
needed to balance the anal­
ysis and thus have roughly 
a complete analysis.

In most natural waters the only acid radicals to be con­
sidered are chloride, sulfate, and bicarbonate or carbonate. 
Only a few waters contain enough nitrate to enter into the 
calculation of the quantity of sodium, or to cause the solu­
tion of platinum when the waters are evaporated with hydro­
chloric acid in a platinum dish. It is always well, however, 
to determine the nitrate before the acidified sample is evap­
orated. The regular methods for the titration of chloride 
and bicarbonate are sufficiently rapid to serve for the pre­
liminary examination. Sulfate is the only acid radical for 
which a special method must be used in the preliminary ex­
amination.

The determination of total hardness of a water by the soap 
method gives a measure of the combined calcium and mag­
nesium and serves as a basis for calculation of the sodium. 
A turbidimetric determination of calcium takes less time than 
a soap test and often is sufficient for determining the quantity 
of a sample to take for evaporation.

In order to have definite data in regard to the reliability 
of simple turbidimetric sulfate and calcium determinations 
and the soap test as applied in regular laboratory work, 
these three tests were made on each of a series of one hundred 
seventy-four samples which were analyzed in the Water 
Resources Laboratory of the U. S. Geological Survey over 
a period of about a year. The results of these tests as dis­
cussed below, and as shown in Figs. 1, 2, and 3, demonstrate 
the usefulness of the methods for preliminary examinations. 
The data show clearly that the methods as used cannot be 
trusted to give results that can be used in place of regular 
analytical determinations. If greater accuracy is desired 
without making a complete analysis, it can be obtained by

1 R eceived  M a y  4 f 1923.
■ P ublished  b y  perm ission  o f th e  D irector, U . S . G eological S u rvey .
* C ollins, " F ie ld  E xam in ation  o f W ater ,” special circular, U . S . G eol. 

S u rvey , M arch, 1922.

The prelim inary examination of a  water sample w ill save time 
in making a complete m ineral analysis, and m ay show that a com­
plete analysis is not necessary. The examination w ill include 
titrations of chloride and alkalinity by the usual methods, turbid- 
imctric determinations of sulfate and calcium by comparison With 
standards in test lubes, and sometimes a determination of hardness 
by the soap method.

The turbidimetric tests are made with volumes of 10 cc. fo r ihe 
sample and standards. For ihe sulfate precipitation I cc. of acid  
barium chloride solution is used (48 cc. of hydrochloric acid, specific 
gravity 1.19, and 100 grams of BaCli.2HiO in I liter). For calcium  
1 cc. of acetic acid  (equal parts of 99.5 per cent acid and water) is 
added, the solution is shaken, 1 cc. of potassium oxalate solution 
(0.2 gram KiGjOi per cc.) is added, Ihe solution is shaken again 
and after 10 minutes the turbidities are compared.

Tests of one hundred seventy-four waters varying in composition 
over a wide range show that the prelim inary results fo r sulfate, cal­
cium, and hardness are reasonably close to the results obtained in 
the complete analysis. In general, the error is likely to be about 
10 per cent of the quantity determined, and m ay be plus or minus. 
For prelim inary examinations or fo r field  work5 this accuracy is 
sufficient.

using the rapid methods 
described by Hale,4 or by 
using the turbidimeter in 
the determination of sulfate 
and calcium. The turbid­
imetric determinations de­
scribed below are made 
without the turbidimeter 
and require only 10 cc. or 
less of the sample.

S u l f a t e  

Estimation of quantities 
of sulfate by the turbidity 
produced on the addition 
of barium chloride to an 
acidified solution is proba­
bly one of the oldest of the 
simple rapid quantitative 
methods. A number of 
authors6 have described va­
rious ways of increasing the 
accuracy of the turbidimet­
ric determination of sul­
fate, and it is probable that 

in many laboratories where large numbers of routine sulfate de­
terminations are made the results obtained with the turbidim­
eter are as accurate as gravimetric results. Such accuracy 
is not generally found in the results of turbidimetric deter­
minations of sulfate in miscellaneous samples of water, nor 
is it necessary in preliminary examinations. Equally useful 
results are obtained by the simple procedure outlined below.
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Samples of 10 cc. are taken in test tubes (100 X 10 mm.) 
and standards are made up containing from 0.05 to 0.35 mg. 
of sulfate (S04) in 10 cc. To each tube is added 1 cc. of an 
acid solution of barium chloride (48 cc. of hydrochloric acid 
of specific gravity 1.19 and 100 grams of BaCl2.2HjO in 1

* J .  A m . Chem . Soe ., 29 , 1078 (1907).
« H in d s , Ib id .,  18, 661 (1S96); 22 , 269 (1900); J a c k s o n , Ib id ., 2 3 , 799 

(1901); M u e r ,  T h is  J o u r n a l , 3 , 553 (1911).
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liter). The tubes are shaken vigorously and the turbidities 
compared by looking through the depth of the liquid at a 
black background. If the sample contains over 35 parts per 
million of sulfate, a smaller portion is diluted to 10 cc. with 
distilled water. If the sulfate is over 700 parts per million, 
a dilution is made and the proper quantity of the diluted sam­
ple is taken for the determination.
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Fig. 1 shows the differences between the sulfate found by 
the rough turbidimetric method and the quantity found by 
the regular gravimetric method in the course of the complete 
analysis. The complete analyses all balanced well enough 
to indicate that the differences were due almost entirely to 
the error of the turbidimetric comparisons. The points 
which represent 10-cc. samples show the actual quantity of 
sulfate determined by analysis plotted against the difference 
between this quantity and that determined by turbidity. 
For the points representing samples of 5 cc. the analytical 
result has been divided by 2 and plotted against half the 
difference between the gravimetric and turbidimetric re­
sults. Similar reduction has been made for the smaller 
samples.

The average of the percentage differences for all the sam­
ples is 16 per cent of the analytical results. For the seventy- 
seven samples of 10 cc. the average difference of 22 per cent 
corresponds to only 2.4 parts per million of sulfate (SO<), 
which is of no practical significance. An average difference 
of 12 per cent for the fourteen samples of 0.5 cc. represents 
an average difference of 50 parts per million of sulfate, which 
is considerably more than the allowable error in the gravi­
metric determination of from 350 to 700 parts per million of 
sulfate. The turbidimetric determination of sulfate in test 
tubes is thus shown to be sufficiently accurate for a prelim­
inary examination of a water sample, but not reliable enough 
to take the place of a gravimetric determination. It calls 
for no special apparatus, is rapid, and requires only a small 
sample, which is sometimes an important consideration.

C a l c i u m

Although the turbidimetric determination of calcium after 
precipitation with ammonium oxalate in neutral solution was 
reported by Hinds6 to give accurate results, the method has 
not been found generally applicable to natural waters. A 
number of experiments were made with oxalic acid and po­

tassium oxalate to find the proportions which would give 
the most accurate turbidimetric determination of calcium, 
but the best proportions of these reagents did not give results 
of the accuracy of the turbidimetric determination of sulfate. 
When acetic acid was substituted for oxalic acid much better 
results were obtained. The results of a large number of 
tests with different quantities of the reagents led to the se­
lection of the details of the method given below.

Samples of 10 cc. of the water to be tested are taken in 
test tubes and standards are prepared in other tubes con­
taining in 10 cc. from 0.04 to 0.24 milligram of calcium. 
To each tube 1 cc. of acetic acid (equal volumes of 99.5 
per cent acid and water) is added and the contents are well 
shaken. After the addition of 1 cc. of potassium oxalate 
solution (containing 0.2 gram, KjCoOj) the tubes are again 
shaken. The turbidities are compared after 10 minutes. 
The relative turbidities are quite constant for 3 or 4 
hours, so it is not necessary to make the comparison at 
once. The upper limit for the determination of calcium 
as described is about 24 parts per million. Samples of less 
than 10 cc. are taken for the more concentrated waters, as 
is done for sulfate, and the volumes made to 10 cc. before the 
addition of reagents.

The differences between the analytical results and the tur­
bidimetric results for calcium in one hundred seventy-four 
samples of water are shown in Fig. 2. The differences and 
the analytical results are divided by the appropriate factors 
for the samples of which less than 10 cc. were used for the 
turbidimetric determination. It is evident that the accuracy 
is about the same as for the determination of sulfate. The 
average percentage error is 19 per cent of the analytical result. 
The error of 28 per cent for the sixty-eight samples of 10 cc. 
corresponds to an average error of 2.2 parts per million of 
calcium, which is not generally of any significance.

The results shown in Fig. 2 make it plain that the tur­
bidimetric method described is sufficiently accurate for a pre­
liminary determination, but cannot be depended upon to 
give results that can be used with the same confidence as the 
results obtained by the ordinary analytical methods.

H a r d n e s s

The soap method for hardness, practically as originally 
devised by Clark,6 is recognized in all texts as useful for ap­
proximate determinations. Some of the criticisms of the 
method have been based on results obtained with details of 
manipulation different from those generally recommended, 
and therefore do not apply to the method as now used.
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In the preliminary examination of the one hundred seventy- 
four samples for which sulfate and calcium were determined 
by turbidity, the hardness was determined by following every

• “ R ep ertory  o f  P a te n t In v en tio n s for 1841/* L ondon, 1849; C htm , 
G az., 5, 100 (1847).
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detail of the soap method as given in Standard Methods 
of Water Analysis of the American Public Health Association. 
If the hardness of a sample was over 100 parts per million, 
less than 50 cc. were taken for the test and the volume made 
up to 50 cc. with distilled water.

The hardness of each water was calculated from the cal­
cium and magnesium determined in the regular analysis. 
The difference between the determined and calculated hard­
ness for each sample is plotted against the calculated hard­

ness in Fig. 3. The errors for determinations above 100 
parts per million have been divided by a factor corresponding 
to the quantity of water used in the soap test, as was done 
with the sulfate and calcium results.

It is evident that the soap method for hardness is more re­
liable than the rough turbidimetric methods for sulfate and 
for calcium. The average percentage or difference between 
the calculated and determined hardness for the one hundred 
seventy-four samples is 8 per cent of the calculated hardness.

The Titration of Hydrofluoric and Hydrofluosilicic Acids in 
Mixtures Containing Small Amounts of Hydro­

fluosilicic Acid1
By Paul H . M .-P . Brinton, Landon A. Sarver, and Arthur E. Stoppel

U n i v e r s i t y  o p  M i n n e s o t a , . M i n n e a p o l i s , M i n n .

T H E determination of hydrofluoric and hydrofluo­
silicic acids in mixtures of the two has been in­
vestigated by a number of workers,2 and the problem 

is of considerable importance because it is really encountered 
in every analysis of the hydrofluoric acid of commerce. A 
study of the method given by Scott3 forms the subject of this 
paper.

In this method the sample of the mixed acids, to which has 
been added some potassium nitrate, is first titrated ice cold 
with standard sodium hydroxide, using phenolphthalein as 
indicator; and then the titrated solution is heated to about 
80° C., and again titrated to a pink end point. The reactions 
for these two titrations are as follows:

For the cold end point:
H 2F 2 +  2 N a O H  >- 2N aF  +  2 H ,0
H;SiF„ +  2K NO s +  2 N a O H — >- K :SiFc +  2 N a N 0 3 +  2H 20

For the hot end point:
KjSiFo +  4 N a O H  >- 4N aF  +  2K F  +  Si(OH)<

, From the equations the results of the titrations for the two 
acids are readily calculated.

Results of analyses of the same sample made in three differ­
ent laboratories by this method showed wide divergence. 
Not only were the final results at variance, but there was 
considerable difference in the ease with which the end points, 
particularly in the cold titrations, could be detected. In­
vestigation of the causes of these differences has led to the 
uncovering of sources of error which the writers believe are 
responsible for the dissatisfaction with the method which has 
been expressed in some quarters.

W e i g h i n g  o p  S a m p l e

It is customary in many laboratories to transfer the sample 
from the bottle to a platinum weighing vessel by means of a 
lead thief or lead pipet. The writers noticed in some of their 
early experiments that the tip of the lead tube became cor­
roded, and found that if the tip of the pipet were allowed- to 
touch the platinum as the acid was flowing from the tip, a 
brisk evolution of gas occurred and the lead was rapidly at-

1 Presen ted  before th e  D iv is ion  of Inorganic an d  P h ysica l C hem istry  a t  
th e 65 th  M eetin g  o f th e  A m erican C hem ical S o c ie ty , N ew  H a v e n , C onn., 
A pril 2 to  7, 1023.

2 G u y o t, C om pl. rend ., 71, 224 (1870); K a tz , C hem . Z tg ., 28, 356 , 387  
(1904); G reef, B er., 46, 251 (1913); D in w id d ie , A m . J .  S e t . ,  192, 421 (1916);  
H u d d leston  and B a sse tt , J ,  C hem . Soc. (L o n d o n ), 119 , 4 0 3 T  (1921).

* “ Stand ard  M eth od s of C hem ical A n a lysis ,”  1922, p . 1019, D . Van  
N o stra n d  Co.

tacked as a result of the galvanic couple. If the lead is not 
allowed to touch the platinum there is no action.

With small platinum weighing vessels, even if opened under 
alkali, there is apt to be loss of hydrogen fluoride vapors when 
the vessel is first opened. This source of error has been cor­
rected by weighing the sample in a rubber bottle4 which has 
been nearly filled with cracked ice and then weighed. To 
overcome the change of weight due to condensation of mois­
ture on the cold bottle during weighing, the bottle is weighed 
in a stoppered weighing bottle, well lined with asbestos paper, 
and counterpoised by a weighing bottle of similar external 
form on the'opposite balance pan. After weighing, the bottle 
is shaken once or twice to absorb any vapors of hydrogen 
fluoride, and the sample, then in the form of an ice-cold, dilute 
solution, can be poured and rinsed into the alkali without loss.

E n d  P o i n t  a n d  I n d i c a t o r

Methyl orange cannot be used because of the weak nature 
of the second hydrogen of H ;F 2. This leads to the formation 
of acid salts as intermediate reaction products, which have 
the strength of weak organic acids. Phenolphthalein, how­
ever, is satisfactory. Scott3 suggests as the end point for the 
cold titration a pink that will persist for 1’5 seconds. It is 
self-evident that an alkali solution free from carbonate must 
be used, for even at this temperature the end point with 
phenolphthalein when using a solution contaminated with 
carbonate is not only misplaced, but is also faint and fleeting. 
If the solution is not icecold for the first end point, the color 
will rapidly fade due to hydrolysis of potassium fluosilicate. 
K atz5 has suggested that this hydrolysis proceeds much more 
rapidly in the presence of calcium salts, owing to disturbance 
of equilibrium due to formation of insoluble calcium fluoride, 
and it was thought that perhaps calcium oxide would be in­
admissible as a reagent for removing carbonate from the 
standard alkali; but the amount of calcium oxide which can 
exist in a sodium hydroxide solution is found to have a negli­
gible effect.

E f f e c t  o f  S i l i c a  i n  t h e  S t a n d a r d  A l k a l i

Apparently, the most serious source of error in the use of 
this method is the silica content of ordinary alkali solutions. 
In tracing out the cause of the divergence in the analytical 
results obtained in three laboratories on the same sample,

4 H ard rubber b o ttles  o f 0 .5-ounce ca p a c ity  h ave been found very  
sa tisfa cto ry  for th is  purpose.

» C hem . Z tg ., 28 , 356 (1904).
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it was found that one alkali solution was freshly made, one 
was several months old, and one was two years old. The 
carbonate had been recently removed from all the solutions by 
calcium oxide. The percentages of hydrofluosilicic acid 
reported by the three laboratories were 1.54, 2.24, and 5.52, 
in the order of the ages of the sodium hydroxide solutions. A 
determination of the silica in these standard alkali solutions 
showed that they contained 0.02, 0.07, and 0.32 gram of silica 
per liter, in the order of their ages. Tests with standard 
alkali solutions intentionally contaminated with silica, by the 
addition of varying amounts of water glass, showed that the 
presence of this silica exerted a tremendous effect in lowering 
the apparent percentages of hydrofluoric acid and increasing 
that of hydrofluosilicic acid.

Lots of sodium hydroxide made from sodium metal by the 
action of water vapor, the sodium hydroxide being caught in 
platinum and stored in bottles lined with ceresin, were used 
by the analysts in the different laboratories, and the former 
discrepancies disappeared. The rapidly fading “cold end 
points” of the earlier analyses were no longer in evidence, and 
sharp end points in which the pink persisted, not for 15 sec­
onds, but for from 1 to 4 minutes, were easily obtained.

Electrometric titration curves obtained in a hydrogen elec­
trode apparatus, all the glass parts of which were heavily 
paraffined, showed that in the absence of silica in the stand­
ard alkali solution the hydrolysis of the potassium fluosilicate 
in ice-cold solution was sufficiently slow to allow a ready 
reading of the cold end point, whereas in the presence of ap­
preciable amounts of silica in the alkali, the change in the 
hvdrogen-ion concentration on standing was much more rapid, 
and the end-point color correspondingly fleeting.

In order to determine quantitatively the exact effect of 
silica on the analyses, a series of standard alkali solutions of 
varying silica content were made from sodium metal, with 
subsequent additions of pure sodium silicate which had been 
obtained by acidifying sodium silicate solution with hydro­
chloric acid, boiling off carbon dioxide, mixing with pure 
sodium hydroxide solution, warming, and filtering. The 
silica content of these standard alkali solutions was accurately 
determined gravimetrically.

T a b l e  II

T a b l e  I - - R e l a t i o n  o f  A n a l y t i c a l  R e s u l t s  t o  A m o u n t s  o f  S i l i c a  i n  
S t a n d a r d  A l k a l i  S o l u t i o n s

G ram s Per cen t Per cen t
per L iter N aO H H F  Found H jSiFe F ou n d

0 .0 3 6 5 1 .0 1 2 .3 6
0 .1 8 0 4 0 .7 8 4 .0 5
0 .2 5 2 4 S .8 4 4 .9 0
0 .3 9 6 4 7 .1 0 6 .5 8
0 .5 3 6 4 5 . S9 S . 12

The importance of the effect of silica will be understood 
when it is realized how rapidly silica is taken up from a glass 
bottle by a sodium hydroxide solution. As an example, a 
standard alkali solution freshly prepared showed 0.020 gram 
of silica per liter. After standing less than four months this 
solution showed 0.092 gram of silica per liter, which would 
make a percentage error of nearly 40 per cent in the amount 
of hydrofluosilicic acid reported in that particular sample.

It will be seen from Table II that the silica in the standard 
alkali added to the solution up to the cold end point is all con­
verted to hydrofluosilicic acid, and is so registered in the 
analysis—that is, the silicon tetrafluoride first formed by the 
action of the hydrofluoric acid on the silica is completely hy­
drolyzed to fluosilicie acid. Naturally, any silica in the al­
kali added after the cold end point has been passed would not 
count, because there would be no free hydrofluoric acid left 
to react with it. In Table II all samples are calculated to a 
1-gram basis for ease of comparison.

The column c—b in Table II, when multiplied by 100, 
gives the percentages of hydrofluosilicic found in the analy­
ses after deducting the amount of hydrofluosilicic acid

(a)
(6) - 

HsSiFfi E q u iva len t (c) ( c - b )
SiOa A dded to  SiOs A dded H jSiFe F ou n d C orrected  13

G. G. G . G.
0 .0 0 1 8 2 0 .0 0 4 3 6 0 .0 2 3 6 0 .0 1 9 2
0 .00S 83 0 .0 2 1 1 3 0 .0 4 0 5 0 .0 1 9 4
0 .0 1 2 2 7 0 .0 2 9 3 6 0 .0 4 9 0 0 .0 1 9 6
0 .0 1 8 9 8 0 .0 4 5 4 3 0 .0 6 5 S 0 .0 2 0 4
0 .0 2 5 4 2 0 .0 6 0 S 2 0 .0 S 1 2 0 .0 2 0 4

equivalent to the silica added in the form of impurity in the 
standard alkali. These percentages run from 1.92 to 2.04, 
which for this determination may be considered a satisfactory 
degree of concprdance. The gradual increase in the per­
centage of (corrected) hydrofluosilicic acid found with in­
creasing amounts of silica introduced as impurity cannot be 
definitely explained at this time, but it is doubtless connected 
with the increasing difficulty of detecting the cold end point as 
the amount of silica increases. It should be noted, however, 
that with the lower amounts of silica, such as would be found 
in solutions of reasonable freshness, the deviation is very 
slight, and it is well within the limit of accuracy of the 
method.

C o n c lu sio n

In conclusion, if accurate results are desired by this method, 
it is suggested that a determination of silica be made in even 
freshly prepared solutions of standard alkali, and that correc­
tions be applied to the figures found for the two acids. One 
molecule of silica will react with six molecules of hydrofluoric 
acid to form one molecule of hydrofluosilicic acid. There­
fore, the weight of silica added during the titration up to the 
cold end point should be multiplied by the factor IliSiiySiO a, 
or 2.393, to find the weight of hydrofluosilicic acid to be de­
ducted from the weight of hydrofluosilicic acid found; and 
by the factor 6HF/SiO_>, or 1.991, to find the weight of hy­
drofluoric acid to be added to the weight of hydrofluoric acid 
found.

Explosion a t Bureau of Standards

On the afternoon of September 20, a v iolent explosion followed 
by fire occurred in the dynam om eter laboratory of the Bureau 
of Standards. One man was killed instantly, three others were 
injured so seriously that they died during the night, and four 
others seriously burned or cut. The heroism of the survivors 
of the staff in rescuing the injured from the furiously burning 
wreckage and in shutting off the electric circuits and the am ­
monia valves, minimized the loss of life and property.

The explosion occurred in the altitude chamber which is used 
in testing the performance of aircraft engines under the con­
ditions of low pressure and temperature obtaining at high al­
titudes. A t the tim e of the accident the room was being used 
in investigating the performance o f  an autom obile engine, at 
temperatures corresponding to winter operation, using various 
grades of gasoline. The work was intended to determine the  
possible increase in gasoline production per barrel of crude 
oil, with the accompanying conservation of our natural resources, 
by the use of gasoline of lower volatility.

The explosion was due to the. ignition of an explosive m ixture 
in the chamber.

The dead are:
I,ogan L . Lauer 
U rban J. Cook 
Step hen  N . Lee 
Joseph K endig

The injured are:
H enry  K . C um m ings 
F rank K . R ichardson  
R oger B irdsell 
G eorge W . K lliott
C . N . S m ith  
R . F . K ohr

M ost of these men were college graduates w ith experience 
and skill in research work, and a grave blow to science and 
engineering m ust be added to the human loss to their families 
and colleagues.

Thus grows the long list of those who have given their lives 
for the increase of human knowledge and welfare.
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The Fourth International Congress of Chemistry
A bstract of the M inutes of the Cambridge M eeting

By Jean Gérard, G é n é r a i .  S e c r e t a r y

TH E  Fourth International Congress of Chemistry was held 
in Cambridge, June 17 to 20, 1923. Sir W illiam Pope, 

president of the Union of Pure and Applied Chem istry and 
professor of chem istry of the University of Cambridge, presided. 
The program included m eetings of the council, a  m eeting of the 
general assembly, and com m ittee meetings.

T he council m et the day after an extrem ely cordial reception  
by the British Federal Council for Pure and Applied Chemistry, 
in the Arts School, to  take up the question of new admissions 
and to lay out the program of the general assembly.

The admission of Brazil, whose governm ent had applied for 
membership in the Union, was unanim ously carried. T he presi­
dent of the conference brought out the point th a t the Inter­
national Research Council does not allow its subsidiary inter­
national unions to  accept new member-countries w ithout these  
countries being first adm itted to  the International Research 
Council. T he countries who desire to  be adm itted to  the Union  
m ust therefore send a request for admission to  the International 
Research Council and mention therein their desire to  be adm itted  
to  the International Union of Pure and Applied Chemistry.

The general assem bly a t its subsequent m eeting approved 
the report of the president on the acts of the council as well as 
the report of the auditor on th e  accounts for the fiscal year just 
closed, and approved the budget for the present year.

T he second part of the m eeting was devoted to  the assign­
m ent of work among the different com m ittees. These com ­
m ittees, after having duly m et, subm itted for the approval of 
the council, resolutions, of which a resume follows.

I. T he Com m ittee for the Reform of the Nom enclature of 
Inorganic Chem istry proposed th a t the work in the future be 
placed in the hands of the editors of the principal journals, and 
especially those of the Journal of the Chemical Society, Chemical 
Abstracts, Gazzetta chimica italiana, Helvetica Chinvfca Acta, 
Recueil des travaux chimiques des Pays-B as, and the Bulletin de 
la société chimique de France.

Each country is to  send its suggestions to these various publi­
cations, which will be duly qualified to subm it them  for general 
discussion. I t  is the opinion of the com m ittee that when nearly 
unanimous agreement has been reached m ethods could be de­
vised to insure the adoption of the conclusions so that these  
could serve as a basis for new proposals.

T he com m ittee deem s it necessary th at reports, even if not 
com plete, be sent to  the central organ as soon as possible.

The decisions enumerated below m ust therefore be considered 
purely provisional:

1— Regarding the unification of chemical sym bols proposed 
for Form ula Index, the com m ittee has not deemed it wise to  
insist im m ediately on its own authority on the acceptance of 
definite sym bols for glucinium (Gl), beryllium (Be), niobium  
(N b), or columbium (Cb). The com m ittee feels, however, that 
next year a final decision m ust be reached, after due consultation  
of the nations represented. There are tw o points to be con­
sidered— the original names and the original sym bols. Other 
points m ay be brought up for consideration. T he decision on 
these questions, which m ust be reached before January of next 
year, will be com municated to  the delegates who will s it a t the 
next session.

2 — The com m ittee feels that the writing of formulas of acids, 
bases, and salts in each country should conform to the usual 
custom  in any particular language— that is, in the countries of 
Anglo-Saxon languages one would write HC1, H 2SO4, BaCls, 
N a2S0 4 , B a(O H )2, etc., whereas in the countries of L atin lan­

guages one would write C1H, SO‘H 2, S 0 4N a s, B aC l2, (O H )2Ba, 
but in the sam e language one should not write som etim es CINa 
and som etim es N aC l, nor som etim es SO^Na1 and som etim es 
N a 2SO<.

3— The word "hydrate” will be reserved for com binations 
containing H 2O— like the hydrate of chlorine, Clj.rHjO; the  
hydrate of sodium sulfate, N a 2SOi, IOHjO. T he word "hy­
droxide” will be reserved for chemical com binations containing  
OH— aluminium hydroxide, Al(HO)s; barium hydroxide, 
B a(O H )2.

4—-The com m ittee accepts the nam es of acids as given in 
the French report when these agree w ith those in the D anish  
and American reports.

To the accepted list m ay be added chromic acid, H 2CrO<; 
m olybdic acid, H 2MoO<; m anganic acid, H 2MnO<; and perman­
ganic acid, IIM nOi.

Those parts of the report which do not agree will form the  
subject of subsequent discussion— for example, hyposulfite 
(hydrosulfite in  French), pyrosulfuric acid, heptam olybdic  
acids, etc.

Condensed acids, like pyrosulfuric, heptam olybdic, etc., will 
be fully discussed later, but the com m ittee feels that the sug­
gestion subm itted in the Spanish report to  designate such acids 
by the prefix "anhydro,” preceded by a numerical index and  
followed by the specific nam e of the acid w ith a numerical 
prefix, could be adopted as a basis for discussion— for example, 
chromic acid, H 2CrOj, A'anhydro-inchrom ate KsCraOio; iodic 
acid, H I 0 3; dî'anhydro-/e/raiodate, M 2LOii, etc.

I t  m ight be possible for certain acids which stand out above 
the others on account of the large number of their derivatives, 
to  preserve1 their names— as, for example, heptam olybdic acid, 
which applies exclusively to the hexacid HoM ûj024.

6— T he acid salts will be named in accordance w ith the French 
report— for example, CaHPO*, calcium acid phosphate; K H 2POi, 
dihydrogen potassium  phosphate.

6— The degree of valence of m etals in spoken language would  
be expressed as given by the French report w ithout inconvenience 
for any country. This would end all the discussion on the term i­
nations -ous, -ic, -a, -0, etc., which have been proposed various 
times.

7— The nom enclature of complex compounds on which a  
report has already been laid before the second congress ought 
to be taken up.

II. The Com m ittee for the Reform of Nom enclature in 
Organic Chem istry presented the following resolutions:

1— The com m ittee, organized at the Lyons congress and con­
sisting of the editors of the Journal of the Chemical Society, 
Chemical Abstracts, and Bulletin de la société chimique de France, 
will be increased to six members by adding to  it the editors of 
the Gazetta chimica italiana, Helvetica Chimica Acta, and of 
Recueil des travaux chimiques des Pays-B as. These publications 
m ay designate a representative.

2— The question of nomenclature under discussion will be 
subm itted to this com m ittee of six. T he suggestions em anating 
from individuals or national com m ittees or com m ittees of 
chemical societies, will be subm itted to this com m ittee.

The decisions of the Com m ittee of Six m ust be unanimous. 
T hey will be subm itted for approval a t a m eeting of the Union.

3— The G eneva nomenclature will be taken as basis for new  
discussions, and this resolution will be transm itted to the Com­
m ittee of Six.

4— The Com m ittee of Six m ay hold a special m eeting for the 
purpose of exchanging opinions and facilitating subsequent 
work.

III. The Com m ittee on the Reform of the N om enclature of 
Biological Chem istry adopted the following resolutions dealing 
w ith  the m ost general names:

1— The name of a new compound, the chemical constituent 
of which is known, m ust be m ade up in accordance w ith rules of 
nom enclature of organic chem istry.
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2 — T he word "glucid” will be used to  designate the group of 
substances which comprises the sim ple reducing sugars and 
substances which give one or several of these sugars by hydrol­
ysis.

3— T he word "lipoid”will no longer be used.
4— T he word “lipide” will designate the group of substances 

which comprises the fat bodies and esters which possess analo­
gous properties (lecithines, phosphatines, etc.).

5— The word "protide” will designate the group of substances 
which comprises the natural amino acids and substances which 
b y  hydrolysis give one or more of these acids.

IV. T he Com m ittee on Bibliography passed th e  following 
resolutions:

1— T hat the secretary of the U nion m ake an investigation of 
the bureaus of docum entation existing at the present tim e and 
publish a list of these bureaus w ith their addresses, their special­
ties, and a short description of their organization.

2— T hat the bureaus of docum entation unify as much as pos­
sible their m ethods of work in accordance w ith the principles 
adopted by the International In stitu te  of Bibliography and the  
Subcom m ittee on Bibliography of the League of N ations.

3— T hat the U nion finance the printing of classification tables, 
standardized in their present form and provisionally revised, 
in order that these tables can be subm itted to the critical review  
of com petent experts in various countries.

4— T hat each country make a list of the journals directly  
interested in pure and applied chem istry and that these lists be 
brought together and distributed by the general secretary of the 
Union.

5— That, in view  of the resolution of the Subcom m ittee on 
Bibliography of the League of N ations, chemical publications 
send at least two copies, and preferably five copies, of their an­
nual index to the International Institute of Bibliography in order 
that this institute m ay be in a position to draw up the Central 
Annual Bibliographical Index of Authors’ Nam es.

6— T hat the general secretary of the Union make every pos­
sible effort to persuade those publications which have not ye t  
com e to a decision to conform with the two following resolutions 
which were passed at the previous Congress:

(1) T hat all original papers in chem istry have the address of 
the author or that of the laboratory where the work was carried 
out.

(2 ) T hat the journals give a resum6  of their articles in one 
of the languages accepted by the editorial board of the Annual 
Tables of Constants, in such a form that it  could be published 
in an abstract journal. .

V. The Com m ittee on Physico-Chem ical Standards passed 
the following resolutions:

1— T hat the com m ittee approves the financial report of the 
Bureau of Physico-Chem ical Standards for the fiscal year 1922- 
1923.

2— T hat it  is the desire of the com m ittee that the Bureau of 
Physico-Chem ical Standards investigate, through circular letters 
addressed to the directors of the research laboratories, w hat are 
the new physico-chemical standards, the preparation of which 
would be m ost urgent. The results of such an investigation  
will facilitate coordinating the work of the bureau.

3— T hat in the opinion of the com m ittee it w ill be well to  
ask the Bureau of Physico-Chemical Standards to study the pos­
sibilities of obtaining the cooperation of certain chem ical firms 
specializing in the m anufacture of pure products, and to  subm it 
to the next congress a plan to obtain such a cooperation.

4— T hat the com m ittee congratulates Mr. Timmermans, 
secretary of the Bureau of Physico-Chemical Standards, on the 
fruitful and extensive work that he has carried out w ith re­
markable devotion. The com m ittee hopes that he m ay continue 
the publication of the critical tables of physico-chemical con­
stants of organic compounds, this work being considered by the  
com m ittee of an importance which could not be exaggerated.

5— T hat the com m ittee would like to see a closer cooperation  
between the Bureau of Physico-Chem ical Standards and the  
Com m ittee on Pure Products for Research.

6— T hat the com m ittee recommend to the council for the  
fiscal year 1923-1924 a supplem entary appropriation of 15,000 
francs.

V I. The Com m ittee on Pure Products for Research, in 
answer to the question asked by the International Oceanographic 
Association of the M editerranean, replies th at pure sodium

chloride m ay replace standard sea water for the volum etric de­
terminations actually in use in oceanographic work.

In addition the com m ittee passed the following resolutions:

1— That the list of pure products for analytical work be not 
made up until after the various countries represented on the  
com mittee have an opportunity to discuss the m atter w ith their 
analytical chemists. _ Nevertheless, in order to avoid too long  
a delay in the carrying out of the work of the com m ittee, the  
list of reagents enumerated in  the index (Types of the Congress 
of 1922) will be temporarily adopted, this list being subject to  
further revision.

2 — That the com m ittee instruct its members to  organize 
during the months following the m eeting, and to  distribute  
am ong the various members of the com m ittee, or am ong the  
various com petent persons designated by the com m ittee, the  
experimental work necessary to com plete the international list 
of pure products for analytical work.

3— That it  is the desire of the com m ittee that its president 
put himself in contact with the members of the Bureau of Physico- 
Chemical Standards with a view  to finding a means to prevent 
the same reagent from being classified in one case as a pure 
product for analysis and in another case as a physico-chemical 
standard.

V II. The Committee on the Bibliography of Industrial and 
Technological Products desires th at the bibliographical work on 
raw materials and industrial products, such as has been' begun 
by the central office, be pushed along as actively as possible in 
every state represented in the Union, even though the number 
of manufacturers cooperating be small.

The com mittee requests that th e  Bureau of Vegetable Raw  
M aterials, which is actually working in Prance, be incorporated 
in the Bibliographic Bureau of Industrial and Technological 
Products. The above-mentioned bureau is directed and sub­
sidized by the French Parliament as well as by interested manu­
facturers. Its object is to com plete the official work of the uni­
versity in bringing together all information on the origin and 
quality of French and foreign drugs known in the market.

T he committee requests that the M usce de la Faculté de 
Pharmacie de Paris and the Laboratoire Central d ’E tudcs et 
d’Analyses des Produits M édicamenteux et H ygiéniques (Lab­
oratoire de la Commission du Codex) be incorporated in the  
central office. W ith the help of these three organizations it  will 
be possible to bring together the bibliography concerning vege­
table raw materials utilized in chemical industry in the  
manufacture of drugs aud perfumery. T he name of these  
united bureaus shall be "Service de Docum entation sur les 
M atières Premières e t  les Produits Industriels” (Bureau of 
Bibliography of Raw M aterials and Industrial Products).

V III. The Committee on the Choice of a Thermochemical 
Standard took note of the decision reached by the Bureau of 
Standards, W ashington, that the benzoic acid prepared by this 
bureau cannot be obtained as standard substance for calori- 
m etric determinations except for purely scientific purposes, and 
th a t it  becomes therefore necessary to  em ploy for technical 
purposes, in the determination of heats of com bustion of solid 
and liquid fuels, benzoic acid from other sources.

The com mittee recommends, nevertheless, that the standard­
izing of calorimetrie bombs be carried out by the use of samples 
of benzoic acid which have been duly approved by a com petent 
thermochemist. The com m ittee will eventually take up the 
question of drawing up necessary instructions for the approval 
of such samples.

The com m ittee deems it necessary that, in converting thermo­
chemical data determined ia  calories into absolute units, and 
vice versa, use should be made of the conversion factor: I 
calorie 15° C. =  1184 joules, the average value accepted at the 
present time, in accordance w ith the decisions reached in 1923 
by the International Critical Tables, following the advice of 
several scientific societies.

IX . T he Com m ittee on the Tables of Constants unani­
m ously passed the following resolutions:
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1— T hat the Union approve the financial report subm itted  
by the Com m ittee on the Annual Tables of International Con­
stants of Chemistry, Physics, and Technology for the fiscal 
year 1922, and that this report be transm itted to the Inter­
national Research Council.

2—-That the attention of the Union be called to the fact that 
the following countries have contributed to the International 
Fund created in 1922: Belgium, Denmark, Spain, the United  
States, Great Britain, France, Italy, N orway, the Netherlands, 
Portugal, Switzerland, and Czecho-Slovakia.

Concerning those countries which do not appear on the above  
list but whose contribution m ay be considered as practically cer­
tain the U nion should pass a resolution to the effect that this 
should be made w ith the least possible delay.

3— T hat the U nion should take cognizance of the final organi­
zation of the International Fund, the necessity for which had 
been recognized in Lyons in 1922, and signify its appreciation  
of the value of the annual international tables as a bibliographic 
publication indispensable to scientific and technical progress.

4— T hat the Union should pass a resolution recommending 
that the numerical bibliography of the years 1917-1922 be 
published as rapidly as possible in order that the International 
Tables of Constants and Num erical D ata resume as soon as 
possible its annual publication.

The com m ittee hopes that it will be possible for the com ­
m ittee on the tables to carry out its plans w ith the help of the 
annual subscription open for that purpose under the patronage of 
scientific and industrial societies of the adhering countries.

Regarding physico-chemical sym bols, the com m ittee includes 
the following modifications:

1— The sccond part of the list of sym bols should have for its 
title  “ General Constants” instead of "Universal C onstants.”

2— In the third part, ninth line, “molar fraction” should be 
substituted for "mol fraction.”

3— Page 305, fifth part, second line, the sym bol n in the column  
"Alternative Sym bols” should be om itted.

4—Fifth  part, eighth line, replace M (a )  by M  as a sym bol for 
molecular rotatory power.

5— Fifth part, last line, replace M(u>) by (Q) as a sym bol for 
molecular rotation.

6— Page 506, third line from bottom  of page, suppress the 
words “Soschm idts Num bers.”

7— Page 509, in paragraph headed "E ntropy,” second line, 
suppress the words “on the ground that this sym bol was 
used by Willard Gibbs, and also***”

8 — Page 511, in accordance w ith general custom  the m olec­
ular rotation is defined by the relation

The em ploym ent of u  for the specific m agnetic rotation and 
S2 for molecular m agnetic rotation is recommended; the  
molecular m agnetic rotation is defined by the relation

_  M  X  (<j)
15

In the alphabetical list these changes should be taken into 
account.

The com m ittee proposes to appoint a subcom m ittee for the  
purpose of bringing together the suggestions leading to additions 
or changes in the list of sym bols and to put forth proposals. 
This com m ittee will be headed by Professor Cohen and will 
include Messrs. Findley, M arie, and an American member to be 
appointed by the N ational Research Council of the United  
States.

X . The Com m ittee on Solid Fuels decided to com plete the 
work undertaken in the countries adhering to the Union on the 
nomenclature of solid fuels, as well as on the methods of deter­
mining their essential characteristics, especially the volatile  
content, the calorific power, and the agglutinating power. The 
com m ittee insists that the answers should reach the general 
secretary before January, 1925.

X I . T he Com m ittee on Liquid Fuels decided to extend the  
work undertaken on the nomenclature of different groups of 
liquid fuels as follows: petroleum and its derivatives; distilla­
tion products of Coal, lignite, peat, wood and bitum inous shales; 
alcohol; vegetable oils.

T he com m ittee requests that answers reach the general sec­
retary before January 1, 1925.

X II . T he Committee on the Study of Ceramic Products 
passed the following resolutions:

1— T hat the Union recommend that from a technical and 
scientific point of view  the term "ceramic” be em ployed for all 
industries manufacturing the following products:

(a) All kinds of burned clay products, such as stoneware, 
earthenware, brick, tile, sewer pipe, terra cotta, china, porcelain, 
etc.

(b) Cem enting materials, such as Portland cem ent and dental 
cem ent; lime, plaster, and a variety of m agnesia and gypsum  
products whose constituents are of an earthy nature and 
which, after a preliminary treatm ent which involves a calci­
nation, acquire the property of “setting” to a greater or less 
extent, when mixed with the proper liquids.

(c) All varieties of glass and glassware, including quartz 
glass, glazes, enamels, and m any of the artificial precious stones.

(<i) Enameled m etal products, where the enamel itself is a 
ceramic material applied to the m etal at high temperature, the 
metal serving only as a skeleton to give the desired form and 
strength to the glass which it supports.

(e) Refractory articles or materials, either wholly or partially 
composed of or manufactured from clay, silica (in its various 
forms), alumina (bauxite), m agnesia (m agnesite), lime, chromite, 
asbestos, zirconia, mica, the rare earths, certain carbides and 
nitrides, and in  general any nonm etallic product capable of 
withstanding elevated temperatures. In all products of this 
class it is evident that a high temperature treatm ent is funda­
mental.

(/)  Abrasive materials such as carborundum, alundum, and 
zirconia (and by association, finely divided silica and em ery), 
together w ith the products m anufactured from them  by bonding 
with an earthy material.

(g) Various electrical and thermal insulating products in the  
manufacture of which earthy materials enter as an im portant 
element.

2 — The com m ittee recommends th at in each country an 
exact nomenclature of raw materials and m anufactured products 
of the ceramic industry be instituted together with their chief 
characteristics.

3— The com m ittee proposes unanim ously that the question of 
the choice of standards of various earths to be used in the study  
of chemical and physical properties of refractory materials, as. 
well as the proposed m ethods of studying such properties, be in­
cluded in the program of the next congress.

4— On the proposal of M . H enry LeChatelier and M . Capsa, 
members of the com m ittee, the com m ittee believes that the  
proposed work ought to be done by various laboratories in all 
countries, and it hopes that this work will be carried out with  
the same raw materials in order to reach comparable conclusions.

I t  is the opinion of the com m ittee that it  w ill be desirable to  
agree on the form of apparatus to be em ployed for the determ ina­
tion of dilatation coefficients.

5— The com m ittee hopes that M . Henry LeChatelier will be 
willing to undertake the direction of the necessary researches 
and look after their proper coordination.

X III . T he Com m ittee on Food Preservation passed the 
following resolutions:

1— T hat as soon as possible the various countries belonging  
to the Union, who have not ye t appointed a delegate, do so in 
order th a t the membership of the com m ittee be completed.

2 — T hat the subcom m ittee of five members composed of 
M essrs. Alsberg, Bordas, Paterno, Pondal, Voerman, present at 
the next congress a general report on the bibliography which 
has been gathered up to the present, and which could be assem ­
bled from now until then, in regard to all m atters relating to 
food legislation in the various countries.

3— T hat at the time of the next congress the delegates of the 
various countries, taking into consideration the legislation in 
force at the time, present their conclusions as to the effects of em­
ploying the following products as food preservatives: benzoic 
acid, boric acid, salicylic acid, sulfurous acid, sulfates and 
formaldehyde, for the purpose of undertaking a system atical 
and physiological investigation on the possibility of using chem i­
cal products in food preservation.

4— T hat the chem ists of all nations subm it opinions concern­
ing the chemical processes of food preservation, in order that 
steps tending towards uniform legislation founded on experi­
m ental basis be initiated.

5— T hat the cooperation of the "Laboratoire International 
d'Analyse des M atières D estinées à  l’Alim entation des Hommes
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e t des Anim aux” be requested for the researches to be under­
taken.

X IV . T he Com m ittee on Scientific and Industrial Owner­
ship presented the following resolutions:

1— The com m ittee, considering that in the Latin group, 
which is composed of countries granting patents w ithout ex­
am ination, the unification of legislation appears to  be more 
capable of realization than in the others, invites these countries 
to get together as soon as possible w ith the idea of forming 
the first group with uniform legislation.

2— Considering that the original purpose toward which one 
m ust work should be to permit research workers to protect their 
discoveries, and considering that on the other hand research 
workers cannot carry out their researches in secret, but m ust on 
the contrary, be able to publish the results of their work as they  
are obtained, the com m ittee resolved:

T h a t it  is in ad m issib le th a t on e should  op pose to  th e  holder or th e  
a p p lica n t o f a  p a ten t th e  resu lts of his ow n work for a certa in  period of 
tim e a fter i t  has been  published.

3— The com m ittee declares that a purely scientific discovery  
should be legally protected.

4—A proper definition of this new legal right will be studied  
by the com m ittee.

5— In order to secure the coordination of all efforts the presi­
dent of the com m ittee is appointed as a delegate to the Com­
m ittee on Intellectual Cooperation of the League of N ations and 
to the International Chamber of Commerce to present and up­
hold the view s of the com m ittee.

X V . T he Com m ittee on Industrial H ygiene passed the fol­
lowing resolutions:

1— All the reports subm itted on the question of dusts should 
be printed and distributed, as they contain m atters of great 
interest which it  would be m ost im portant to disseminate.

2— The com m ittee requests the Council of the International 
Union to give a  prize for the best published essay on smokes, 
gases, fogs, and noxious vapors to  be m et w ith in m anufacturing, 
their elim ination, and the protection against their effects. The  
essays subm itted should be general and descriptive in character, 
should include the latest progress in their particular subject, and 
should be w ithin the reach of the general reading public.

T he council of the Union should undertake their distribution.
The com m ittee requests that the council of the Union estab­

lish a prize to be given to  the inventor of an apparatus of recent 
construction for the suppression of smoke. In case no recent 
inventor could be found the prize should be given to that person 
who had done the greatest am ount of work and obtained the 
best results on the problem of the suppression of smoke.

The com m ittee requests that the council com municate with  
all chem ists specializing in this particular branch in order to 
obtain from them  their scientific results on this m atter, and that 
they also furnish exact data on (a) the noxious effects produced 
on the workmen and the neighboring com munities by certain 
em anations, and (A) the means employed to suppress them .

3— The com m ittee requests that each nation send to  the next 
congress a  com plete report on the legislation concerning indus­
trial hygiene in its own territory. This report should include 
the legal m atters covering differences of work and those covering 
the suppression of nuisances to neighboring com munities. Each 
•country should com municate to the general secretary a list of 
the adm inistrative organizations charged with the drafting and 
enforcement of laws and regulations concerning industrial 
.hygiene.

4— The com m ittee requests that its president collect informa­
tio n  on the following subjects:

(a) M ethods of analysis employed in the determ ination of 
th e  quantity of hydrofluoric acid present in the smokes and vapors 
where it  is likely to be found, especially in superphosphate 
manufacture.

(b) Determ ination of the minimum value of acidity in smokes 
when these have been discharged. This figure is fixed in Ger­
m any at 5 grams per cubic m eter, in England at 8  grams pur 
cubic meter, and in Italy a t 6  grams per cubic m eter, expressed 
in SO2. The com m ittee recommends that it would be wise to 
agree on a figure acceptable to all, and that it would be well to 
obtain agreement on the m ethod of determ ination and on the 
.method of expressing this figure.

(c) The possibility of suppressing offensive odors in industry 
when these are due to more or less unknown products which 
cannot be condensed, as, for example, in sewage disposal, slaugh­
ter houses, etc.

5— The com m ittee requests that a t the next congress a report 
be made on all methods and apparatus intended to com bat 
incipient intoxication from poisonous gases in factories.

6— The bibliography and the resolutions of the com m ittee  
should be communicated to the Bureau of H ygiene of the League 
of Nations and to the International Labor Bureau.

X V I. The Com m ittee on Finance passed the following 
resolutions:

1— The com mittee, after having examined all the requests 
for appropriations made by the various com m ittees, records 
that owing to the present state of the finances of the Union it 
cannot grant all the requests that have been made.

2— As a supplementary appropriation, after having studied  
the difficult financial situation faced by the Bureau of Physico- 
Chemical Standards, it decided to grant to this com m ittee for 
the period extending from April, 1922, to Novem ber, 1924, the 
sum of 7500 francos, instead of 15,000 francs as requested.

The Committee on Finance finds itself restrained by the 
principle that the contributions from the countries belonging to  
the Union are essentially intended for the adm inistrative ex­
penses of the Union. The com mittee requests that the various 
committees should address them selves to the general secretary  
for all matters concerning correspondence and printing.

All these conclusions and resolutions were unanim ously 
adopted by the council of the International Union at its m eeting 
of June 20.

In order to expedite the work of the Union and to insure 
the continuity of it during the space intervening between the  
two meetings, the council requested the executive com m ittee  
to ask the member of each permanent com m ittee to appoint 
by correspondence a president to serve until 1925—that is, for 
the same period as the members of the present com m ittees.

Following the decision to increase the number of vice presi­
dents of the Union to six, th. council nominated by acclamation  
two new vice presidents, E. Cohen (Netherlands) and Dr. 
Sakurai (Japan).

The council adjourned after having chosen Copenhagen as 
the place of meeting for the F ifth Congress of the International 
Union of Pure and Applied Chemistry.

All these decisions were placed before the delegations at the  
closing meeting of the general assembly.

The congress decided in closing to create a com m ittee to 
cooperate w ith those organizations which undertake to exchange 
students and professors between the universities of the various 
countries w ith the idea of bringing about such exchanges among 
professors of chemistry.

Meeting of Missouri Section
The M issouri 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  

started its year’s work on the evening of Septem ber 20. Dr. 
Philip A . Shaffer, professor of biological chem istry from the 
M edical School, W ashington U niversity, St. Louis, was the 
speaker of the evening. H is topic was "Insulin, Its Properties 
and M ethods of Preparation.” Dr. Shaffer has done much 
toward the improvement of the m ethods of separation of this 
remarkable substance, and his talk on the disease diabetes and 
its relief by this substance was very enlightening to the m any  
who were present. The m eeting was the largest th a t has been 
held for some tim e; the fact that the audience was made up of 
people of widely scattered interests seemed an indication that 
there is a need that the local section can fill in bringing speakers 
here.

New Chemistry Building at Missouri
Following its plans for the expansion of the Chem istry D e­

partm ent, the University of M issouri is ju st com pleting a new 
building for the chemical work. This building is the third 
building on the campus to  be devoted entirely to chemistry. 
There will be an auditorium seating 175 students, and laboratory 
locker space for 600 students. There arc five small research 
laboratories for instructors, besides administration offices and 
storerooms. The attic has been finished off into four rooms and 
will probably be used as research laboratories for graduate 
students.
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Denatured Alcohol Production
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P r o d u c e d ,  U s e d ,  R e m o v e d , o r  D u m p e d , a s  I n d i c a t e d  B e l o w , f o r  t h e

R em oved  from  D e­
n aturin g B onded  A lcohol and D én atu ran ts

*-----------------------------------D en atu red  A lcoh ol P rodu ced -----------------------------------* W arehou ses ✓-------------—D u m p ed ----------------s
F orm ulas 1907 1908 1909 1910 1911 1912 1913 1914

C om pletely  D ena tured  Alcohol
1 4 ,9 6 1 ,1 0 5 .2 0  4 ,9 3 2 ,4 9 4 .3 2
2 2 6 1 ,1 3 5 .5 8  2 8 0 ,6 3 5 .2 4
3
4
5 
9

T o ta l C . D . A. 1 ,8 1 2 ,1 2 2 .3 8 2 ,3 7 0 ,8 3 9 .7 0  3 ,0 7 6 ,9 2 4 .5 5 3 ,3 7 4 ,0 1 9 .9 2  4 ,2 2 9 ,7 4 1 .6 7 5 ,2 2 2 ,2 4 0 .7 8 5 ,2 1 3 ,1 2 9 .5 6
S p ec ia lly  D enatured  Alcohol

A lcohol and D é ­
D en atured  A lcohol U sed n atu ran ts D um p ed

1 708,476'. 03 1 ,2 5 8 ,1 2 0 .0 7 2 ,4 9 3 ,6 3 0 .8 6 2 ,8 3 9 ,0 2 0 .8 0 3 ,0 5 5 ,8 1 7 .3 3
2 0 0 ,1 4 4 .0 7 6 5 ,1 4 1 .7 7 4 9 ,6 6 5 .0 0 7 5 ,5 1 7 .4 0 6 9 ,1 3 5 .9 4
2 -A 3 5 ,0 9 7 .2 4 11 0 ,4 3 0 .4 9 1 7 2 ,7 2 3 .2 0 2 0 1 ,4 6 8 .8 0 162 ,0 9 1 .6 1
2-B 4 5 .9 2 S .1 3
3 6 3 ,5 2 0 .6 8 3 6 ,4 2 2 .0 4 8 ,6 3 8 .3 7 9 ,2 2 9 .5 5 3 ,0 3 9 .4 2

3-A 5 9 ,1 6 5 .4 3 2 2 5 ,8 1 3 .6 5
3 -B
4 2 8 8 ,9 8 1 .3 6 3 6 5 ,5 9 0 .0 6 4 0 3 ,9 4 3 .9 1 5 1 1 ,3 2 9 .6 5 56-1,010.34
4-A
5 5 2 4 .1 1 5 ,9 7 8 .4 5 5 ,9 2 2 .5 1 5 ,5 7 9 .1 0 6 ,3 1 0 .7 1

0 3 1 ,9 4 6 .4 9 4 ,0 7 7 .9 0
G-A 1 6 ,7 3 0 .7 7 1 9 4 ,8 6 9 .3 2 2 2 9 ,0 1 4 .7 3 2 4 5 ,7 5 5 .5 6
6-B
7 1 8 6 .3 9
8 1 9 0 .1 9 1 ,0 6 9 .9 5 7 4 2 .4 0 9 8 9 .7 0 8 0 4 .4 0

9 3 ,9 3 0 .4 8 3 ,9 9 2 .9 6
10 2 3 3 .5 3 1 5 ,2 0 6 .4 5
11 3 3 2 .9 5 1 ,1 9 8 .8 4 1 ,3 3 9 .1 5 1 ,0 4 9 .9 6 9 1 2 .0 6
12 3 4 ,1 2 9 .4 3 3 9 ,3 8 7 .4 1 2 0 ,0 9 9 .8 7 *
12-A 5 ,3 4 4 .7 0 1 5 ,4 5 6 .3 1 1 1 ,1 2 2 .4 7

13
13-A 2 1 1 ,4 9 5 .4 9 2 6 6 ,8 4 6 .7 0 3 7 7 ,9 9 3 .7 1 4 7 1 ,1 1 0 .5 3 5 99 ,6 3 4 .6 1
14 2 6 4 .1 0 1 ,1 7 1 .SI 1 ,7 7 0 .SO 1 ,6 6 0 .2 8 2 ,4 2 6 .5 4
15 1 ,5 8 2 .3 4 6 ,9 1 6 .4 2 5 ,7 8 1 .2 6 5 ,5 6 7 .9 8 6 ,6 9 0 .4 6
10 5 5 4 .4 4 4 ,0 S 9 .S 4 5 ,3 3 8 .0 0 5 ,6 3 4 .7 0 5 ,0 5 3 .2 7

17 1 ,6 6 1 .5 4 8 ,4 5 4 .3 6 9 ,5 8 5 .5 4 8 ,2 5 9 .8 0
18 1 7 2 ,5 9 0 .0 6 1 6 6 ,8 9 0 .2 6 1 6 0 ,6 9 2 .8 6
19 4 0 0 .0 0 4 7 .0 4 3 ,1 4 0 .4 2
19-A
20

1 ,5 0 1 ,3 5 6 .4 5  2 ,1 8 5 ,0 9 7 .5 9  3 ,0 0 2 ,1 0 2 .5 5  3 ,5 0 7 ,1 0 9 .9 4  3 ,9 3 3 ,2 4 6 .4 4  4 ,6 0 8 ,4 1 7 .7 6  .5 ,191 ,846 .03T o ta l S. D . A.

H P A X -F R E E  denatured alcohol was first produced in the 
United States under the A ct of June 7, 1906, "for use in the 

arts and industries and for fuel, light, and power.” Supplemental 
law s were later enacted, w ith the result that the manufacture 
and use of that product soon became a vital factor in the 
commercial life of the nation, and was recognized as a "key” 
industry during the World War.

T he advent of prohibition presented an added, and perhaps 
more potent, reason w hy pure ethyl alcohol should be replaced 
as far as possible w ith tax-free denatured alcohol, and Section 10, 
Title 3, of the N ational Prohibition A ct provided for denaturing 
plants a t  which ethyl alcohol could be lawfully denatured "by 
the admixture of such denaturing m aterials as shall render the 
alcohol or any compound in which it  is authorized to  be used 
unfit for use as an intoxicating beverage.” To date, however, 
the Governm ent has not extended the use of tax-free denatured 
alcohol to the production of pharmaceuticals or other commodities, 
intended for "internal” consumption, however unfit the final 
product m ay be for use as an intoxicating beverage. I t  is 
thought that this attitude w ith respect to "internal” medicines, 
etc., is more a question of adm inistrative policy than law, and 
that eventually the Government will recede from its position in 
the interest of legitim ate chemical development.

A s indicating the progress of the denatured alcohol industry 
from humble beginnings to its present large proportions, we 
publish this table compiled by the office of Jam es P. M cGovern, 
the W ashington attorney of the U. S. Industrial Alcohol Com­
pany. Although the colum ns for the years covered are variously  
headed, "Denatured Alcohol Produced,” "Rem oved from D e­
naturing Bonded W arehouses,” "Denatured Alcohol U sed ,” 
"W ithdrawn from Denaturing P lants,” etc., as they appear

in the Annual Reports of the Commissioner of Internal Revenue, 
the tabulation is to be regarded in its entirety as conveying a 
fairly comprehensive idea of the amounts, by form ulas, of both 
com pletely and specially denatured alcohol produced, and used 
during the fiscal years involved. I t  is regretted that it was 
not possible to have the compilation com plete in all respects. 
The reason for the omissions will be found in the " N ote,” page 
1087. The figures for the fiscal year ending June 30, 1923, are 
not yet available.

Space does not permit the listing of the innumerable uses for 
which denatured alcohol has been authorized. I t  is sufficient 
to say  that specially denatured alcohol, Form ula 1 , alone has 
been prescribed for over two hundred and fifty items. Any  
one interested in such uses, however, m ay find the com position  
of the formulas and their respective uses fully set forth in the 
Appendix to Regulations N o. 61 of the Internal Revenue Bureau, 
published September, 1922, under the title  "Formulas for Com­
pletely and Specially Denatured Alcohol.” Copies of such ap­
pendix m ay be had by addressing the Industrial Alcohol and 
Chemical Division, Internal Revenue Bureau, W ashington, D . C.

In studying the table it  should be noted that more than half 
of the formulas have come into existence since the W orld War, 
and m ost of these since prohibition. W hile the total am ounts 
for each of the fiscal years ending June 30, 1916, 1917, 1918, and 
1919, respectively, exceed those for 1920, 1921, and 1922, the  
difference m ay be largely attributed to the tremendous w ith­
drawals of Specially Denatured Alcohol, Formula 2-B, for the  
m anufacture of sm okeless powder, trinitrotoluene and other  
war materials, and a comparison of the totals of the years shown  
(excluding the war years) will reveal w ith greater accuracy the 
normal but rapid growth of this husky industrial infant.
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D en atu red  A lcohol Production (Concluded) 
F i s c a l  Y e a r s  S h o w n , E n d in g  J u n e  30 , R e s p e c t i v e l y .  ( Q u a n t i t i e s  i n  W in e  G a l l o n s )

R em oved  from D en aturin g  B onded W ithdraw n from  D en atu r in g

F orm ulas

1
2
3
4
5
0 .

t— « . i t u u u i  JL/viu
1915

5 ,1 4 9 ,4 1 0 .S8 
2 3 7 ,2 3 6 .0 8

iiu rcu  u n a c i v an
1916

7 ,1 8 4 ,6 2 0 .7 5
6S 7 .332 .07

o u s  ro rm u ia s— n ------------------------------ -w aren ou ses—
1917 1918 1919  

C om plete ly  D enatured  Alcohol 
9 ,1 4 0 ,9 9 9 .2 0  8 ,3 1 3 ,4 1 0 .9 0  7 ,1 8 0 ,5 2 0 .3 0  
1 ,3 0 7 ,9 2 0 .0 8  1 ,9 7 4 ,9 0 4 .3 7  2 ,8 00 ,520 .76

1 ,433 .11

1920

6 ,9 2 6 ,S 2 5 .2 2
2 ,4 5 1 ,1 4 4 .0 7

2 8 ,3 2 3 .9 7
3 90 ,558 .01

3 ,6 7 9 ,9 4 4 .9 0

✓---------------------n a
1921

5 0 .4 2 0 .0 0  
2 5 1 ,2 0 1 .3 0  

5 0 ,0 4 2 .8 2  
2 0S .315 .34  

0 ,4 9 0 ,7 1 9 .2 3  
5 ,1 0 9 ,S 2 0 .18

i n l s --------------------- ,
1922

1 0 0 ,2 1 5 .8 7  
3 0 0 ,1 9 1 .7 9  
117 ,3 7 0 .9 4  

2 2 ,5 9 5 .7 5  
9 .S 4 3 .0 5 1 .3 3  
5 ,7 5 9 ,S 7 7 . 15

T o ta l C. D . A . 5 .3 8 6 ,6 4 6 .9 6 7 ,8 7 1 ,9 5 2 .8 2 1 0 ,5 0 S .9 1 9 .34 10 ,2S 8 ,321 .3 3 9 .9 S 8 .5 6 6 .17 13 ,476 ,796 .17 12 ,220 ,51S .87 1 0 .2 0 9 .9 0 2 .8 3

S p ec ia lly  D ena tured  Alcohol

1 3 ,0 2 6 ,0 3 0 .5 4 4 ,5 0 4 ,2 0 2 .0 2 4 ,6 8 5 ,6 1 3 .1 9 4 ,2 2 8 ,4 9 3 .1 0 4 ,4 0 2 ,6 5 5 .0 7 6 ,5 6 3 ,3 5 1 .1 2 3 ,9 9 3 ,8 2 5 .7 7 4 ,9 9 4 ,2 4 0 .7 4
2 8 0 ,5 4 7 .0 2 4 2 1 ,8 4 9 .0 0 1 7 0 ,0 5 5 .0 5 2 1 4 ,0 5 5 .8 8 8 8 ,5 5 3 .4 4 1 12 ,518 .60 0 4 ,7 2 2 .0 3
2-A 2 0 1 ,4 8 8 .8 6 3 1 9 ,4 6 2 .8 6 0 9 ,4 4 4 .7 0 0 5 ,7 4 7 .4 8 3 6 ,5 1 7 .0 2 115 ,548 .50 3 8 ,7 7 0 .0 1 7 2 ,7 3 1 .3 8
2-B 3 ,3 5 7 .1 5 4 .3 8 2 7 ,8 5 5 ,7 7 4 .2 3 2 8 ,5 5 1 ,7 3 0 .3 0 2 7 ,8 4 3 ,9 0 9 .0 8 10 ,275 ,074 .09 2 ,3 3 1 ,3 2 2 .0 9 1 ,9 9 0 ,3 2 0 .1 0 2 .4 5 0 ,9 3 9 .2 0
3 3 9 8 .5 0 3 .9 4 4 .8 2 5 ,7 0 7 .8 4 54 8 .0 1 3 5 .0 2

3-A 2 2 4 ,8 9 1 .5 0 2 7 4 ,9 4 5 .7 4 2 3 0 ,4 5 5 .2 8 2 2 2 .9 9 3 .3 3 2 1 4 ,4 4 1 .8 9 3 4 4 ,2 7 9 .8 9 2 2 9 ,9 0 8 .8 5 5 4 0 ,7 7 0 .8 8
3-B 3 3 9 .0 7 1 7 2 .7 0 7 2 3 .2 8 1 4 ,8 0 7 .0 0 2 1 ,3 9 8 .0 8 7 ,5 1 5 .0 0 10,370. S2 8 ,4 9 3 .2 3
4
A. A

5 8 2 ,2 5 8 .4 8 664 ,7 8 7 .0 4 8 0 8 ,0 0 5 .2 9 9 0 4 ,0 2 3 .3 3 7 45 ,704 .01 8 7 1 ,1 9 8 .3 9 0 7 9 ,5 4 7 .0 0 8 9S ,947 .81

5 5 ,6 1 7 .4 1 7 ,2 2 8 .9 1 6 ,5 8 1 .4 6 5 ,5 3 2 .2 9 7 ,2 7 7 .0 8 41 ,403 . OS 5 ,7 0 3 .7 5 S ,1 9 3 .9 3

0 3 ,2 7 2 .0 4
0-A 2 3 8 ,9 6 1 .2 2 4 5 6 ,0 9 1 .2 5 3 1 8 ,6 7 9 .4 5 4 4 4 ,3 5 5 .7 7 804 ,780 .71 8 6 ,8 5 0 .3 5 9 9 ,3 1 8 .1 4 0 7 ,1 0 7 .0 5
6-B 5 2 5 .5 3 4 0 9 .0 0 5 ,0 3 9 .0 0 5 ,7 3 9 .9 2 11 ,7 9 3 .7 5 13 ,6 7 1 .6 7 5 ,8 2 9 .0 0 8 ,0 8 4 .4 2
/
8 1 ,1 7 3 .6 7 1 ,1 2 4 .4 0 5 0 4 . 98 5 ,2 0 5 .0 4 1 ,564 .41 4 .8 5

9 4 6 .3 0 1 1 2 .1 0 7 ,5 6 1 .6 6 3 ,5 2 8 .9 1 5 ,747 .41 11 ,74S .82 2 ,3 8 5 .3 3 5 .0 4
10 1 5 ,1 6 7 .8 2 4 9 ,7 0 0 .8 1 125 ,5 2 8 .9 7 1 54 ,149 .84 309 ,940 .21 8 5 4 ,6 1 0 .3 4 7 3 ,8 0 1 .3 1 5 ,5 5 9 .2 9
11 1 ,3 1 3 .0 0 8 5 1 .6 0 1 ,4 4 1 .6 5 9 2 3 .1 0 7 3 5 .8 0 9 9 0 .2 0 7S1.1G  . 0 5 1 . 92
12 2 ,9 7 4 .7 9 1 2 ,9 3 3 .4 9
12-A 2 4 ,3 0 1 .9 0 5 3 ,9 9 2 .6 6 9 7 ,7 0 6 .0 5 8 8 ,0 0 4 .6 6 8 3 ,3 1 0 .8 4 153 ,324 .61 141 ,8 7 7 .5 3 2 8 1 ,0 9 3 .0 4

13 5 .0 0
• 13-A 6 0 6 ,8 9 1 .2 0 88S .9 1 5 .9 2 9 8 1 .2 8 4 .7 3 1 ,0 4 2 ,0 7 2 .4 8 1 ,009 ,774 .31 1 ,3 0 9 ,2 3 9 .9 9 9 0 0 ,0 4 8 .0 4 1 ,7 8 0 ,7 7 1 .0 0

14 2 ,917 .11 2 ,6 1 3 .4 8 4 .3 7 8 .0 2 6 ,3 6 3 .9 3 0 9 5 .0 5 1 ,8 9 4 .2 5 1 ,220 .77 1 ,0 3 0 .5 0
15 7 ,0 8 9 .5 7 6 ,1 0 3 .4 3 1 2 .6 5 2 .1 9 9 ,7 6 8 .1 7 3 1 ,7 7 4 .0 3 104 ,4 7 0 .4 5 1 4 ,5 1 0 .9 0 8 ,2 2 0 .8 1
16 5 ,5 2 8 .6 7 9 ,2 3 5 .5 1 2 3 ,3 6 1 .9 2 2 5 ,9 0 2 .3 0 2 8 ,7 8 9 .3 9 2 4 ,8 1 0 .3 4 3 ,7 0 5 .9 3 9 ,1 5 0 .9 0

17 13 .0S 7 .09 9 5 ,1 0 4 .4 0 2 5 ,7 5 9 .9 0 2 8 ,0 5 2 .7 9 05 ,1 0 9 .0 4 5 7 ,4 3 6 .8 2 4 9 ,1 3 2 .0 9 1 3 ,5 9 8 .3 8
18 1 9 9 ,7 2 3 .8 4 2 4 0 ,9 1 2 .3 0 2 3 3 ,4 0 2 .1 2 4 7 3 ,8 6 9 .3 5 950 ,9 4 1 .3 3 1 ,160 ,120 .01 7 2 5 ,8 1 0 .5 0 1 ,0 3 0 ,8 9 3 .3 3
19 4 ,3 6 9 .1 3 1 04 ,420 .82 2 4 ,0 8 0 .8 4 2 7 ,4 1 0 .6 1 20 ,8 7 5 .1 3 5 4 ,2 8 1 .8 5 4 2 ,3 9 2 .8 0 4 2 ,5 3 7 . 95
19-A •
20 1 2 ,4 1 5 .4 0 6 9 ,8 1 0 .4 3 0 0 ,7 8 3 .2 0 13 ,7 7 5 .9 4 1 2 ,4 4 5 .7 0 1 3 ,0 3 4 .8 3

21 2 ,8 3 2 ,7 1 7 .1 0 8 ,0 5 0 ,8 0 5 .5 8 3 ,6 0 8 ,7 1 1 .2 6 2 ,9 13 ,700 .00 4 0 5 ,8 2 6 .9 0 6 5 ,1 0 0 .0 0 1 .0 0
22 7 .0 8 9 .0 7 3 ,9 2 0 .6 5 2 ,9 4 5 .3 0 4 0 ,0 3 2 .3 9 5 0 ,3 4 0 .7 3 7 ,0 0 8 .0 1
23 10 ,8 5 7 .8 7 2 0 ,7 3 9 .1 8 19 ,0 2 9 .0 2 22 ,51 4 .2 1 5 8 ,2 7 1 .0 4 2 3 ,4 4 0 .0 5
23-A 1 37 ,5 1 7 .0 5 4 0 0 ,8 3 1 .0 1
23-B 2 0 2 .2 7 1 ,0 7 3 .2 4
23-C 1 ,407 .21 5 ,7 3 9 .2 0
23 -D 9 8 0 .4 4
2 3 -E
2 3-F
24 1 7 ,1 7 7 .0 0 8 ,8 1 8 .2 2 2 4 .5 2 0 4 0 .4 9 1 ,3 0 8 .4 4
25 1 1 ,3 1 1 .1 3 121 ,3 8 4 .4 8 8 8 ,1 0 4 .2 7 131 .7S 7 .53 1 12 .4 9 1 .1 8 1 4 9 ,1 9 1 .9 9
20 2 ,1 0 0 .2 8 14 ,11 1 .2 8 2 3 ,0 0 1 . 2S 7 5 ,4 0 4 .8 4 9 ,3 4 0 .1 0 4 ,9 0 2 .5 5
27 2 ,2 1 0 .7 7 4 9 ,9 7 0 .9 5 20 ,79 9 .8 8 5 1 ,9 8 8 .2 8 3 7 ,7 9 7 .8 7 4 8 ,7 5 8 .1 0
27-A 8 8 5 .0 5 7 ,7 8 5 .1 4 9 ,7 0 0 .9 2
27-B 5 ,3 9 5 .1 8
28 2 0 ,3 9 9 .3 4 1 97 ,2 9 0 .5 0 123 ,4 7 7 .9 2 7 4 ,0 5 4 .7 5
28-A
29 1 8 ,1 0 1 .1 2 2 4 ,0 7 7 .0 7
30 4 2 0 .0 7 1 9 ,5 3 3 .3 3 1 0 ,8 9 0 .8 3 15 ,8 7 3 .0 1
31 7 5 0 .7 8 2 ,9 3 3 .2 1 4 2 7 . 52 9 2 .4 3
31-A 3 3 ,0 2 5 .9 0 3 3 ,8 1 0 .7 0 4 9 ,0 5 1 .8 7
31-B 2 4 3 .0 0 1 0 ,5 7 3 .1 4 2 2 ,3 0 0 .9 3
31-C 1 0 0 .3 2 4 5 .2 6
32 14 ,0 7 8 .3 1 1 1 .0 0
33 2 ,0 8 5 .5 3 2 ,3 0 0 .0 3 .4 ,1 7 1 .5 5
33-A
34
35
35-A
30
37
37-A
38
38-A  
38-B
38 -C 
3S-D  
3S-E
39
39-A  
39-B  
39-C  
39-D
40
41
42
43
44
45  
40 
47

E xperim ental

N O T E : C om piled  from  th e A nnual R eports of th e C om m is­
sioner of Internal R even u e. A m oun ts for 1907, am ou nts b y  for­
m ulas of C om pletely  D enatured  A lcohol for 1908, 1909, 1910, 1911, 
and 1912, and  am ou nts b y  form ulas of S p ec ia lly  D enatured  Acohol 
for 1910 and 1911 are n ot g iven  in such reports and are not available.

4 ,6 5 8 .4 0

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

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

38 6 5 6 .4 2  
5 0 ,0 5 7 .9 5

2 6 ,3 5 7 .3 3

3 ,6 2 1 .0 6  
9 ,2 0 4 . 84  
8 ,7 6 8 .4 4  

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

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

6 9 0 .9 3

1 ,0 3 9 .0 4
4 67 .1 -

175 ,1 8 9 .3 0
1 ,3 30 ,091 .32
1 ,4 25 ,542 .59

3 2 1 ,9 7 5 .3 8
1 ,001 .57
1 ,975 .71

2 1 4 .9 9
9 ,2 8 2 .5 0
1 ,5 1 9 .2 4

5 .0 0

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

T o ta l S. D . A . 8 ,5 9 9 ,8 2 1 .8 1  3 8 ,8 0 7 ,1 5 3 .5 0  4 5 ,1 7 0 ,0 7 8 .2 9  3 9 ,7 0 7 ,1 7 0 .4 9  2 8 ,2 9 3 ,0 1 5 .9 4  1 5 ,2 0 S ,8 3 9 .2 5  9 ,9 0 7 ,3 2 0 .2 8  17 ,089 ,2 0 3 .5 4
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A M ERICA N C O N T E M PO R A R IE S

Frank Austin Gooch
T F IT  be true, as some claim, that the general atmosphere of 

B oston is one of cultured manners, no better illustration of 
the influence of such an atmosphere could be selected than 
the subject of this sketch. N o one who has 
ever come in. contact w ith Professor Gooch 
can fail to carry away the impression that 
he has m et a man of peculiar charm of man­
ner. Born in W atertown, M ass., of parents 
belonging to families connected w ith the 
early history of the country and represent­
ing the highest type of culture, his early life 
was spent in the v icin ity of Boston. His 
father was a prominent lumber merchant 
in Cambridge, and at one time chief asses­
sor of that town. His mother was a m em ­
ber of the Coolidge family.

He entered Harvard at the age of sixteen 
and was graduated w ith the class of 1872.

His early inclination was toward medi­
cine, but upon graduation, and until 1375, 
he carried on chemical and mineralogical 
studies a t Harvard, and a t the same time 
acted as assistant to Prof. Josiah P. Cooke, 
who was famous in his day as an experi­
mental lecturer. Doubtless Professor Gooch’s skill in manip­
ulation and his clearness in description of chemical phenomena, 
so characteristic of his later work as a teacher, had their origin 
in this early training.

During the years 1875-6, spent mainly in Vienna, he continued 
his studies along mineralogical and crystallographic lines at 
the Imperial Museum, and his fund of reminiscences of that 
period goes to show that he had the m ost delightful association 
w ith the director and others in authority there. Upon his return 
he received the degree of Ph.D . from Harvard.

H e often speaks of the two years which followed, when he 
held the position of private assistant to Dr. W olcott Gibbs, as 
of special value to him, and frequently quotes a common expres­
sion of that renowned chemist, famous in inorganic and analytical 
research, to the effect that “ there is practically nothing which 
cannot be accomplished by patience and caustic potash.”

It was probably during this period that Dr. Gooch developed 
patience and skill and his love for analytical chemistry. To 
him chemical analysis has never been w hat many, profoundly 
ignorant of the subject, have considered it, blind following of 
directions, or "cook-book chem istry,” a term which has been 
responsible for much neglect of this great fundamental branch 
of chemistry. Dr. Gooch’s mind, stored with a wealth of ob­
served chemical phenomena, finds the greatest joy  in devising 
new analytical processes and in overcoming the difficulties which 
to many a chem ist have seemed to make an analytical procedure 
useless.

For ten years following his apprenticeship with Dr. Gibbs, 
his work gave him ample scope for the perfection of his technic 
in his chosen field. Analytical work in connection w ith the 
United States Tenth Census, 1879-1881, the North Trans­
continental Survey, 1881-1884, and the United States Geological 
Survey, 1884-1886, contributed n.uch in the w ay of preparation 
for his w’ork at Yale, which really began with the com pletion of 
the K ent Laboratory in 1887. It was during this period that

he enjoyed from tim e to tim e association w ith Dr. Rafael Pum- 
pelly, the renowned geologist and explorer, and he often turns 
with great pleasure to the recital of a variety of experiences 
connected w ith field and laboratory work.

I t  was also during these years that much im portant work 
was done, such as the analysis of the waters 
of Yellowstone Park and the invention of 
the perforated platinum crucible for filtra­
tion. The latter alone has made his name 
familiar wherever careful analytical work 
is attem pted. Shortly after the first de­
scription of this alm ost indispensable analyt­
ical device appeared, a well-known chem ist 
said in an address: "The Gooch crucible
is to modern analytical chem istry w hat the 
needle gun is to modern warfare.” .This 
encomium was doubtless more adequate .at 
the time it was uttered than it would be 
today, when the needle gun has been sur­
passed by many other inventions, while the  
crucible'still holds its place among necessary 
equipment.

In selecting Dr Gooch for a position at 
Yale the authorities chose wisely and well, 
for he combines the good qualities of ad­
ministrator, teacher, and director of re­

search. Dyring a period of over thirty years, for he did not 
take even a week off during term tim e, until his retirement in 
1918, he was at his post.

N o  man could have a more loyal group of followers than those  
who have worked with Professor Gooch. H is sym pathy and 
liberality are such that a conference w ith him always resulted  
in helpful suggestions and in an adequate supply of material 
for work when special material was needed. A request for a  
gram generally resulted in a supply of ten grams. As for crude 
chemicals, they were an abom ination to him, and his associates 
could hardly persuade him to order them for any kind of work. 
D espite this policy there was on hand a t the end of his adm in­
istration a considerable balance in m oney to the laboratory’s 
credit, and a supply of chemicals, some of them  unusual, which  
in view  of the im m ediately following post-war scarcity reminds 
one of Joseph’s store of corn laid up against the E gyptian famine. 
L oyalty to his friends and associates marked Professor G ooch’s 
years of university activity, as all who have worked with him  
will testify.

Conservative by nature, he keeps fully informed of the prog­
ress of chemical science, but does not w ithout careful consider­
ation turn to newly propounded theories. He has always in­
sisted upon the importance of comprehensive study of chemical 
phenomena along the lines of descriptive chemistry. H is re­
tiring disposition has kept him from gatherings of chem ists where 
his presence would have been much appreciated.

H is loyalty to local journals has resulted in giving his pub­
lished work and possibly that of his students less publicity than  
might have resulted had these papers appeared in the more 
widely circulated chemical journals. He finds great pleasure 
and relaxation in the reading of good fiction and in genealogical 
research. A recent statem ent in a prominent N ew  York news­
paper to the efïect that chem ists are as a class fond of cats m ay 
be disputed, but certainly the feline race has no better friend 
than Dr. Gooch, nor one more convinced of its intelligence.

F r a n k  A .  G o o c h
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H is former pupils always love to call on him  when in N ew  his collection of good stories, and we all enjoy them  both, for
H aven and talk over their laboratory days and discuss their together with his keen analytical mind he has a rare sense of
current problems. H is fund of reminiscence is rich, as is also humor. P h i l i p  E  B r o w n i n g

NOTES AND C O R R ESPO N D EN C E

Shortening—Its Definition and 
Measurement

Editor of Industrial and Engineering Chemistry:
The writer has made shortening measurements w ith the short- 

ometer [ T h i s  J o u r n a l ,  3 ,  7 9  ( 1 9 2 1 ) ]  for the last six years and 
has only recently checked up these measurements, and in no case 
can he substantiate the conclusions made in the article by P latt 
and Flem ing [ T h i s  J o u r n a l ,  1 5 ,3 9 0  ( 1 9 2 3 ) ] ,  entitled "The Action  
of Shortening in the Light of the Newer Theories of Surface 
Phenom ena.”

The following series of all shortening measurements is a fair 
evaluation of the various fats and oils:

Lard, which has the greatest shortening power, naturally comes 
first. Compounds rank next, and they have about the same 
shortening power if they are made by adding oil to  animal stearin 
or to vegetable stearin— namely, hydrogenated vegetable oil. 
B utter fat follows next in order. The oils cottonseed, peanut, 
olive, rapeseed, soy bean, and corn, all have approximately the  
sam e shortening value, which is about three-fourths of the value 
of ordinary lard.

Coconut oil is som ewhat lower than the previous group of 
oils and has about two-thirds of the value of lard. Coconut oil 
if broken up into olein and stearin fractions shows a value higher 
than whole coconut oil for stearin, and lower for olein.

T he iodine number of the whole oil is about 9, that of the 
stearin about 4 or 5, and that of the olein about 16 or 18. I t  is 
evident in this case that the fat w ith the higher iodine number 
has the least shortening value.

A liquid paraffin oil w ith an iodine number of 0.4 has a short­
ening value very close to  that of coconut oil. A sample of white 
vaseline had a shortening value fully as good as the ordinary 
oils, or 75 per cent of that of lard.

A little  difficulty is experienced in using liquid paraffin oil in 
baking because the high temperature of baking causes the oil to  
smoke appreciably and loss is.thereby experienced.

The writer has very definitely shown in his original article 
that hydrogenation of an oil increases its shortening value. The 
iodine number is very m aterially decreased; ye t the shortening 
value has increased, which is also a t variance with their theory.

All the figures available on the shortening value of oils and 
fats showr no definite relationship between shortening value  
and iodine number.

C l a r k e  E .  D a v i s

N a t io n a l  B is c u it  C o m pa n y  
N e w  Y o r k , N . Y .

Ju ne 22 , 1923

Editor of Industrial and Engineering Chemistry:

This criticism seems to be based upon a misunderstanding of 
the article by P latt and Fleming. For example, D avis says:

All the figures available on the shortening value of oils and 
fats show no definite relationship between shortening value and 
iodine number.

In this statem ent we can entirely agree with him, for our article 
stales:

The iodine number as such cannot be taken as an indication  
of the shortening pow'er from this point of view , since glycerides

of linoleic acid containing two double bonds (Iodine N o. 173) do 
not cover any greater surface than glycerides of oleic acid contain­
ing but one double bond per molecule (Iodine N o. 8 6 ). For  
this reason, other factors being equal, shortenings should be ar­
ranged in the order of their percentage of unsaturated glycerides.

Once it is clearly understood that it  is the percentage of 
unsaturated glycerides and not the iodine number that must be 
considered, it is seen that D avis’ shortening values fit in well 
with the theory which we have advanced.

Considering first oils only, we find that cottonseed, peanut, 
olive, rape seed, soy bean, and corn oils, all consist principally 
of unsaturated glycerides with a small percentage of saturated 
glycerides which varies with different samples of the same oil. 
We are not surprised, therefore, a t D avis’ statem ent that they  
“all have approximately the same shortening value.” Coconut 
oil, which has a noticeably smaller proportion of unsaturatcd  
glycerides, has noticeably less shortening power, while liquid 
paraffin, with the smallest proportion of unsaturated compounds, 
is properly at the bottom  of the list of oils in shortening power.

W e would invite attention also to specific statem ents in our • 
paper to the effect that many factors influence shortening power. 
We state:

M any factors arc involved in  the action of shortening.***
It is evident that no one property can possibly explain the 
whole action of shortenings.* ** Viscosity evidently plays a 
p a r t.* * * T h e  m elting point is also a fa c to r .* * * A  som ewhat 
related quality is plasticity. * * *  A fat that will remain plastic  
throughout the mixing has much greater shortening power than 
one that is either solid or liquid.

It would seem to be self-evident that these factors would have 
to be considered in arriving at the shortening power of fats  
not liquid. It is strictly in line w ith our theory, however, that 
lard, etc., containing a considerable percentage of unsaturated  
compounds, should have greater shortening power than vaseline 
containing practically none.

On the basis of the statem ents in pur paper it is m anifestly  
impossible to expect the relative shortening power of the "olein” 
and "stearin” fraction of a shortening to be given sim ply by 
their proportion of unsaturated glycerides, as differences in m elt­
ing point, plasticity, etc., introduce other variables in such a 
case. The same m ay be said in comparing the shortening power 
of a fat before and after hydrogenation.

D avis’ findings regarding shortening power are, therefore, 
not incompatible with our conclusions.

W a s h i n g t o n  P l a t t
M ER R Erx-SouLE C om pa n y  

S y r a c u se , N . Y .
S eptem ber 14, M>23

Calendar of Meetings
Technical Association of Pulp and Paper Industry— Appleton, 

W is., October 25 to  27, 1923.
Association of Official Agricultural Chem ists—39th Annual 

Convention, W ashington, D . C., Novem ber 19 to 21, 1923. 
American Institute of Chemical E ngineers—W inter M eeting, 

W ashington, D. C., December 5 to 8 , 1923.
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W A S H IN G T O N  N O TES

N i t r i t e  o f  S o d a  H e a r i n g

T he Tariff Commission held a hearing on the costs of sodium  
nitrite in W ashington on Septem ber 10. Only one witness, 
C. F. Graff, president and general manager .of the American 
N itrogen Products Co., Seattle, W ashington, appeared before 
the commission. H e argued for a  50 per cent increase in the  
3 per cent duty  on this product, or an increase from 3 cents to  
4 V î cents per pound. H is application was opposed by counsel 
for the Norwegian N itrogen Products Co., N ew  York, N . Y ., the 
American sales agents for the Norwegian product. M r. Graff 
stated that his com pany produced about one-half of the dom estic 
output of sodium nitrite, and that the capacity of all the plants 
of the United States was sufficient to  fully m eet the dom estic 
requirements. T he Norwegian com pany presented no cost 
figures. The hearing was continued until September 26 at which 
tim e final arguments will be heard. M eantim e, it  is believed  
that am ple tim e will be available for the filing of the necessary 
briefs.

Since the hearing of Septem ber 10 the commission has issued 
a sum m ary of information in  the m atter of sodium nitrite. 
This sum m ary consists of information obtained from the public 
hearing, from publications, correspondence on file in the Tariff 
Commission, questionnaires sent to manufacturers, and inspection 
of books and factories of m anufacturers by representatives of 
the commission, and interviews with persons having personal 
knowledge of this industry. All inform ation in regard to m anu­
facturing costs of individual firms and other inform ation in the  
nature of trade secrets of processes has been elim inated from  
th is summary, as required by Section 708 of the Revenue A ct of 
1916.

I m p r o v e d  C a s s i n a  B e v e r a g e

George F. M itchell, supervising tea examiner of the Bureau 
of Chemistry, has developed a new process for making the bev­
erage cassina which elim inates the former “herbish” taste, to  
which there was som e objection. Mr. M itchell has recently  
returned from South Carolina where he has been operating the  
experimental cassina factory which began work last spring.

Those who have sam pled a  hot or an iced drink m ade from the  
new processed leaves are enthusiastic over its qualities as a 
palatable and refreshing beverage. I t  has a flavor and a stim ­
ulating effect that are believed to  be distinct commerical assets.

A flavoring extract has also been prepared from the new proc­
essed leaves. This extract has been used by the D epartm ent 
of Agriculture to  flavor ice cream and the finished product is 
said to  have m et w ith favor. So concentrated is the extract 
th a t one tablespoonful will flavor a gallon of ice cream and only  
2  cc. are nccessary to  flavor a carbonated drink.

One decided advantage of the cassina plant is th a t all the  
leaves m ay be used, since they  all contain caffein. Tannin, 
however, is present in a less degree in cassina than in similar 
beverages.

S o d a t o i ,  f o r  D i s t r i b u t i o n

Eighteen m illion pounds of sodatoi, a  surplus war explosive, 
are to be distributed by the Bureau of Public Roads, United  
States Departm ent of Agriculture, for road-building and land- 
clearing purposes. The new supply of explosive is very similar 
to dynam ite and picric acid, 1 2 ,0 0 0 ,0 0 0  pounds of the latter  
having already been distributed to  road-builders and farmers.

B e t t e r  L im e

Experim ents conducted at the Bureau of Standards have  
shown a way to  im prove the m anufacture of hydrated lime so  
that the grade known as "finishing” hydrate is regularly pro­
duced instead of the grade known as “ m asons” hydrate, which 
because of its lesser plasticity commands a lower price. These 
tests have shown that plasticity depends not alone upon the  
colloidal content of the hydrate, but upon the effect on this 
colloid of the m anufacturing process.

I t  has been found that the drying out can be prevented by  
letting the freshly m ade hydrate cool in an atm osphere of steam , 
while flocculation can be prevented by adding sm all am ounts 
of a readily soluble calcium salt. A hydrator designed to  apply  
these principles has just been com pleted for further experiment.

Sep tem b er 18, 1923

Personals
Benjam in Alderson, formerly chem ist for the American B ottle  

Co., Streator, 111., and since February general factory foreman 
of the com pany’s Newark, Ohio, plant, has been transferred to  
the Streator factory and promoted to assistant plant manager.

C. Scott Althouse, president of the Althouse Chemical Co., 
Reading, Pa., is spending about two months traveling through 
the industrial districts of England, Scotland, France, and Ger­
many.

S. H enry Ayers, formerly bacteriologist of the dairy division  
of the Bureau of Anim al Industry, W ashington, D . C., has been 
appointed director of research of the Glass Container Association.

L. H . Baekeland, honorary professor of chemical engineering 
in  Columbia University, has been made an officer of the Legion 
of Honor (French) and of the Order of the Crown of Belgium.

J. P . Bonardi, formerly manager of the Assay and Chemical 
Departm ent of the M ine & Sm elter Supply Co., Denver, Colo., 
has been promoted to sales manager of the N ew  York office, w ith  
headquarters a t 42 Broadway.

W alter D . Bouner, who has been absent from the University  
of U tah during the past year on sabbatical leave, has returned 
and will resume his duties as professor of chem istry a t that 
university.

S. Caplan, formerly research chem ist for the N ucoa Butter 
Co., Bayonne, N . J., has joined the research staff of the Com­
bustion Utilities Corp., Long Island City, N . Y .

John P . Crabb, a recent graduate of the M assachusetts Insti­
tu te  of Technology, is a t present em ployed in the Gas Division  
of the U. G. I. Contracting Com pany of Philadelphia, studying  
the design of the standard water-gas apparatus of this company.

Ellery K. F iles, chemical engineer, who has been connected  
with the Duratex Corporation for over three years, has been 
given entire charge of manufacture in the plant in Newark, N . J.

The U niversity of Strasbourg has conferred the title  of doctor 
(honoris causa) on Sim on Flexner and Jacques Loeb, of the Rocke­
feller Institute of M edical Research, and on W illiam H . W elch, 
of the Johns Hopkins University.

H erbert L. J. H aller, associate chemist, who has been on the  
staff of the Bureau of Chem istry since 1919 and assigned to the 
Color Laboratory, has resigned to  accept a position w ith the 
Rockefeller Institute.

M . E. H olm es has resigned as chemical director of the N ational 
Lime Association, and accepted the position of developm ent 
engineer in charge of research for the U. S. G ypsum  Co., 205 
W . M onroe St., Chicago, 111.

Ivar N. H ultm an has been appointed chem ist in charge of 
operations a t the K ingsport plant of the Tcnnessee-Eastm an  
Corporation.

M . L. Jackson has accepted a position as research chem ist 
for the Piron Coal D istillation System s, Inc., Detroit, M ich.

The deaths are announced of F. Krafft, professor of chemistry 
at Heidelberg, aged seventy-one, and Josef Nevinny, professor 
of pharmacology at the U niversity of Innsbruck, aged seventy  
years.

H . A. Kuhn, who has been chief of the departm ent of toxicology  
of the Chemical Warfare Service for the past four years, has been  
detailed to the University of W isconsin for a year for a special 
course in toxicology under A. S. Loevenhart.

Rex M cDill, who has been spending some tim e in Cuba in re­
search work on the dehydration of fruits, has returned to River- 
view , Fla., to continue his researches.

(Continued on next page)
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PA R IS L E T T E R
B y  C h a r ie s  L o r m a n d , 4  A ven u e  d e  l ’O bservatoire, P aris, France

S a l e  o f  R e p a r a t i o n s  D y e s

In the first m onth of 1923 the French governm ent seized in  
the Ruhr, b y  right of the reparations, an im portant stock of 
dyestufTs from Badische, M eister Lucius, and Chemisclie Fabrik. 
This stock contained about 7000 tons, and the French govern­
m ent, in agreem ent w ith the Belgian government, has just de­
cided to put the stock on sale. I t  is composed chiefly of indigo 
and alizarin. Since all these products are already being manu­
factured in France, the sale for exportation will only be perm itted  
if it does not interfere w ith French and Belgian producers. T he  
dyestuffs not m anufactured in France or Belgium, and existing  
in the lot seized, will be distributed according to priority am ong  
the producers in these countries. This sale will certainly have an 
effect on the dyestuffs market and m ay bring about a temporary 
disturbance.

N e w  M e t h o d  o f  V o l u m e t r i c  A n a l y s i s

M M . Hackspill and Heeckeren have just perfected an original 
m ethod of elem entary volumetric analysis. The substance 
is roasted in  vacuo, at a temperature of 800° to 900° C., in the 
presence of copper oxide. The nitrogen and carbonic acid áre 
collected w ith a mercury pump and their volum e is measured. 
T he carbonic acid is separated by potash. The w ater produced 
in the com bustion is first separated from the gaseous mixture by  
condensation a t —80° C., and is then directed, in the vapor state, 
onto the calcium hydroxide. The hydrogen liberated is re­
covered and measured. Thus, by a single combustion, are ob­
tained, on substances weighing from 2 to 5 eg., three determ i­
nations of nitrogen, carbon, and hydrogen.

F u e l s

French chem ists seem to be directing their attention just now  
to  the study of fuels. M . Piettrc has studied the transformation  
of the coal in humus. The product of oxidation was rcduced 
by a reaction similar to th at which permits the transformation of 
benzine, first into a nitro compound, and then amine (aniline). 
The product finally obtained was similar to the humus.

M . Paul Lebeau has undertaken the study of the gas formed 
by the carbonization of solid fuels. Previously, Pieter, of 
Geneva, examined the liquid products obtained by the distillation  
of com bustible liquids in a vacuum. M . Lebeau’s m ethod per­
m its the determination, for temperatures from 100° to 1200° C., 
increasing by fractions of 1 00  degrees, of the com position of the  
gas obtained in heating in  vacuo anthracite, wood, peat, and lig­
nite. Each of these types of fuels gives, by its increasing de­
composition, the gaseous volum es which seem sensibly constant 
for each of the kinds of fuels studied. The total volum e of gas 
formed is estim ated at between 150 and 170 cubic m eters per ton  
for the wood, 266 cubic meters for the peat, 228 to 240 cubic 
meters for the lignite, and 257 to 309 cubic meters for the anthra­
cite.

The analysis of the gas liberated furnishes very interesting re­
sults, since the largest part is composed of hydrogen. A ton of 
English anthracite, for example, gives, a t 1200° C., 318 cubic  
meters of gas composed of 291 cubic meters of hydrogen, or 91.4  
per cent. There is no connection between the volum e of gas 
liberated and the content of volatile m atter in the fuel considered. 
Certain anthracites give volum es of gas just as great as the fa tty  
oils, which contain larger quantities of volatile m atter than the  
anthracites. The other constituents of the gas are carbon dioxide 
and carbon monoxide, w ith small quantities of m etal. One 
m ight consider that the carbonization of the anthracite would  
constitute a source of hydrogen capable of being used in the 
manufacture of synthetic ammonia.

M . M aihle, continuing work on the production of petroleum  
by decomposition of vegetable oils, has shown that it  is possible 
to  use chloride of zinc as a catalyst in the hydrogenation. On 
heating different vegetable oils (peanuts, castor) or animal oils 
(requin, whale) with fused zinc chloride, the liberation of acrolein 
was accomplished and products boiling between 110° and 310° C., 
composed of a mixture of m ethane and ethylene hydrocarbons 
analogous to petroleum, were formed. Chloride of magnesium  
gives similar results.

E s t i m a t e  o f  t h e  V a l u e  o f  F e r t i l i z e r

I suggested in a previous letter that it  would be interesting to  
estim ate the increase of efficiency of plants under the action of 
various fertilizers, and I mentioned that the determ ination of 
sugars or of other principal constituents would give the m ost 
precise results.

M. Blaringhem, professor a t the Conservatory of Arts and 
Measures, proposes using a method which is purely biologic 
and founded on genetic experiments. H e took crops of barley, 
linen, and poppies. He subjected them  to the action of various 
fertilizers: potash, nitrogen, phosphoric acid, limestone; then he 
weighed the test plants and the treated plants— for the barley, 
the proportion between the length of the third mark under 
the head and that of each corresponding—for the linen, he m eas­
ured the thickness of the foliage, that is, the distance be­
tween each leaf on the same part of the stalk. H e found, for 
example, that in the last case the foliage density, which was 
11 to 12  for the test plants, equaled 16 for the linen subjected  
to potash fertilizer, and 24 for the linen subjected to nitrogen  
fertilizer.

The Third Congress of the Society of Chemical Industry will 
m eet in Paris, from the 20th to 25th of October. It will be par­
ticularly devoted to the agricultural applications of chemistry.

A ugust 30 , 1923

Personals (Concluded)
F. A. M cM illin has resigned his position on the staff of the 

chem istry departm ent of the University of W ashington to take 
charge of the departm ent of chemistry at the Idaho Technical 
Institute, Pocatello, Idaho.

A. A. Orlinger has resigned his position as chemical engineer 
and assistant chief chem ist of the Henry Souther Engineering 
Co.. Hartford, Conn., to become chemical engineer and chemist 
for the Warren M anufacturing Co., w ith headquarters at Milford, 
N . J.

V. F. Parry, formerly of the Pittsburgh station of the Bureau 
of M ines, is now a research chem ist for the Combustion Utilities 
Corp., Long Island C ity, N . Y.

Arthur E . Rice, president of the Pennsylvania Salt M anu­
facturing Co., Philadelphia, Pa., died suddenly August 26 at the 
Canyon H otel, Yellow'stone Park, where he was spending a vaca­
tion. H e was fifty-tw o years of age.

Elliott S . Robinson has been appointed assistant director of 
the D ivision of Biologic Laboratories of the M assachusetts 
State Departm ent of Public Health.

E. S. Stateler has recently resigned his position as an Industrial 
Fellow- a t M ellon Institute to do research and developm ental 
work for Hershey Brothers, manufacturers of chocolate, in  
Pittsburgh, Pa.

V. H . Wallingford, who recently returned from a year’s study  
and travel as a fellow of the Commission for Relief in Belgium  
Educational Foundation, has accepted a position as research 
chemist with the M allinckrodt Chemical Works, St. Louis, M o.

W. C. W eltman, formerly chem ist for the State of Illinois, is 
now first assistant chem ist for the St. Louis, San Francisco 
Railroad Co., Springfield, Mo.

George W ilson, formerly instructor of chemistry at Purdue 
University, Lafayette, Ind., is now employed in llie  Research 
Bureau of the Aluminum Company of America.

N . E. W oldman has resigned his position as instructor of elec­
trochemistry a t the University of M aine, to  accept an assistant- 
ship in the department of chem istry of the U niversity of Illinois, 
where he will continue his studies for his doctor’s degree. Mr. 
W oldman was formerly secretary-treasurer of the M aine Section  
of the American Chemical Society.
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G ERM A N  L E T T E R  .
B y  H e r r  H o b e i n , E b en h ausen  bei M ü n ch en , B ayern , G erm any

E x t e n d e d  P a t e n t  R ig h t s

A German law of 1920 specifies that rights of patents and 
copyrights which could not be worked during the war can be  
extended beyond their legal duration. Accordingly, the interval 
from August 1, 1914, to  July 31, 1919, is not reckoned in the  
legal duration of a patent. A t the same tim e the law grants 
to anyone who between the expiration and extension of a  patent 
right has made use of the recently freed invention, the continued  
use without a license.

As to  whether an unlicensed continuance should be allowed  
to one who had already worked the invention before the ex­
piration of the patent right under infringement of the sam e 
and had continued in it  afterward, there were different opinions. 
Through a decision of March 17, 1923, the court has now decided 
in favor of the inventor, in that it  denies to the patent infringer 
the right of unlicensed continuance.

H a n s  G o l d s c h m id t

Prof. Hans Goldschmidt, well known in scientific and tech ­
nical circles, leader and promote of the Chemischen Fabrik  
Th. Goldschmidt A.-C. in Essen, died on M ay 31, at the age of 
sixty-tw o years. H is m ost im portant accom plishm ent was the  
perfection of the Therm it process, which has found its greatest 
use in the welding of rails and tubes, and the mending of broken 
parts of machinery. I t  is based on the great heat of reaction  
which aluminium develops in burning to aluminium oxide, 
whereby the heavy metal oxides such as iron oxide lose oxygen, 
and are reduced to a  m olten metal. Through the aluminium- 
thermo process it  was first possible to prepare chromium, 
manganese, molybdenum, and their compounds such as ferro- 
chrome, ferrovanadium, etc., pure and free from carbon. The  
Franklin Institute has honored Dr Goldschmidt w ith the E lliot- 
Cresson M edal.

N e w  D e v e l o p m e n t s  i n  t h e  L e a d  C h a m b e r  P r o c e s s

In spite of the introduction of the contact process for the  
production of sulfuric acid, the lead chamber process continues 
to hold its place. The repeated successful attem pts to m ake  
it  more profitable are directed toward lim iting the large require­
m ent of lead which the construction of the chambers requires 
and the large am ount of necessary space, a t  the sam e tim e pro­
curing conservation or increase of efficiency.

An excellent solution of the problem for the past fifteen years 
has been the approved Opl-tower system . I t  uses, instead of 
lead chambers, trickling towers, and in place of nitrous gases 
the quickly reacting liquid nitrous acid. T he latter has been  
used also for several years in connection w ith the centrifugal- 
drum process of Schmiedel-Klencke. It is a characteristic of 
this process that the nitrous acid is brought by means of 
plunging, rapidly rotating drums into very intim ate contact 
with the sulfur dioxide gases. In this way a very complete 
and quick absorption is accomplished. The process is especially 
valuable for the preparation of roasting gases w ith low  and 
varying content of sulfur dioxide.

In a recent article in Chemiker Zeitung, Herr Opl, the inventor  
of the first-mentioned tower process, recommends taking a further 
step and constructing trickling towers of single iron tanks. 
This m etal is not attacked by 50 to GO-degree acids. In six 
vessels of about 4  cubic meters volum e, connccted one behind 
the other, the formation of sulfuric acid is said to be effected  
in such a manner that the roasting gases under certain con­
ditions m ay be converted into nitric acid. W ith such a system  
of six iron vessels Herr Opl obtains the same efficiency as with  
a normal-sized tower system  taking ten tim es the am ount of 
space.

R e s e a r c h  o n  C h l o r i n a t i o n  P r o c e s s e s

Chlorine roasting consists, as is well known, in heating copper 
ores w ith the addition of alkali or alkali-earth chlorides in the 
presence of air, by which the copper is changed into a water  
and acid-soluble form consisting of a mixture of chloride, sulfate, 
and oxide. This process is especially adapted for manufacture 
from very poor ores or copper waste. Professor Tafel, in Bres­
lau, has recently completed system atic research on this process 
and gave a report of it a t the convention of German smelters and

miners. His work is a t present lim ited to the behavior of copper 
sulfide, the m ost im portant constituent of copper-containing 
iron pyrites waste, for whose preparation in Germany the chlorine 
roasting is used.

The results are im portant for the theory and practice of the 
process. I t  has been shown that it  is not usually necessary to 
attain the previously prescribed temperature of 500° to  600° C. 
M oreover, one of 350° to 375° C. is considerably more favorable. 
T he theoretically required quantity of chlorinating material 
is given in the proportion of 1 part copper, 1 part chlorine— for 
example, Cu2S : 2NaC l. Potassium  and calcium chlorides 
work more energetically than sodium chloride. In order that 
the addition of acid m ay not be needed air is adm itted in small 
quantity. Steam  is not necessary for bringing about the re­
action, neither is the presence of iron.

H i n t s  a s  t o  t h e  D u r a b i l i t y  o k  L e a d  C o n t a i n e r s

It  often happens in chemical industries that lead containers 
are attacked b y  acids, while the same lead material will resist 
the same acids a t equivalent temperatures in the laboratory. 
Herr Salvisberg points out in Chemiker Zeitung  that galvanic 
currents m ay be the cause of this corrosion. T he possibility  
of their origin through the contact of the two m etals is suggested, 
as this is the case w ith lead-covered iron containers. In order 
to remedy this difficulty the apparatus should either be com ­
pletely insulated so th at no contact w ith the earth can take place, 
or, if this is not possible, the current strength and potential drop 
through the conductor should be determined by instruments, 
and an equal opposite current sent through the apparatus. 
The result is said to be surprising.

N e w  M e t h o d  o f  T i t r a t i n g  S i l v e r  a n d  H a l o g e n  I o n s

Concerning this subject Professor Fajans, of M ünchen, has 
written considerable, and recently has delivered a lecture before 
the convention of the German Bunsen Association for Practical 
Physical Chemistry. H e has found that if to a very thin, green 
fluorescent solution of sodium fluorescein and alkali chloride, 
bromide, or iodide, is added gradually silver nitrate, in  exceed­
ing the equivalence point a sudden change to  a red color occurs. 
On back-titrating w ith a very small excess of halogen ions the 
original color is recovered. Similarly, the halogen substitution  
products of the fluorescein can be used as indicators. The 
phenomenon is based on the fact that the colloidal silver halide 
portions adsorb the excess silver halide ions. T o the silver 
ions of the silver halides and especially to the adsorbed excess 
silver ions can be added the dyestuff anions, and the red colors 
peculiar to the undissociated salts of these dyestuffs result. By  
adding excess halogen ions the dyestuff anions at the surface 
can be precipitated.

N e w s  o f  t h e  D y e  I n d u s t r y

Professor Kalb, of M ünchen, announces that the shade of 
a dye, w ith other properties, can be frequently changed w ith  
profit. For example, from the usual reddish blue indigo is 
obtained pure blue and greenish blue chlorine and bromine 
derivatives. I t  is now possible, through high "iodinalion,” to 
change the color of indigo still more, so that a pure green is 
obtained. The product obtained by the halogenation of indigo  
to  green is of particular interest because only a very few green 
vat dyes are generally known. A sim ple process could be 
worked out for the production of high-iodinated indigoes.

N e w  P r o c e s s e s  o f  M i c r o s u b l i m a t i o n

A very sim ple device is described by Professor Kem pf, of 
Berlin, in the Zeitschrift fü r  analytische Chemie. The substance  
to be sublim ed is heated in a very thin layer on an electric hot 
plate, the temperature of which is accurately regulated and 
can be kept constant w ithin one degree. T he sublim ate is col­
lected directly on the slides, which are placed im m ediately  
on the sublim ation m aterial. The apparatus can also be used 
in a vacuum  and perm its the microphotograpliical rendering 
of the sublim ate.

A u gu st 6, 1923
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BOOK R E V IE W S

Atomic Structure and Spectral Lines. B y  A r n o l d  S o m m e r -  

f e l d .  Translated from the third German edition by H e n r y  

L. B r o s e .  xiii +  62G pages. li .  P. D utton & Co., N ew  
York, 1923. Price, $12.00.

The first German edition of .th is book was published in 1919, 
and contained 550 pages. T he fact that this work has passed  
through two editions in a relatively short time is sufficient 
evidence of its popularity even in the original German form. 
The need of translating this monumental work into English has 
been felt for some tim e, and undoubtedly the present translation  
will be welcomed by a very large number of scientific men in 
England and America. The translator is to be com plim ented  
upon his work. Only on rare occasions does he slip into German 
idiom, but, on the whole, he has succeeded in producing an ex­
tremely readable work.

N oth ing can indicate better the rapidity of progress in the 
particular .realm of science which is the subject of the present 
work than the fact that alm ost three-quarters of it are devoted to 
a  discussion of developm ents during the past decade. Bohr 
published his first paper in 1913, and in the same year Laue 
carried out his epoch-making investigation on the nature of 
X-rays. The various physical phenomena and theoretical 
speculations discussed by Sommerfeld m ay be regarded as origi­
nating largely in the discoveries of these two investigators.

The first two chapters are devoted to an excellent and yet  
concise discussion of such topics as the nature of cathode rays, 
canal rays, alpha and beta rays, the theory of X -rays based on 
classical electrodynam ics, radioactive phenomena, nuclear charge, 
the periodic law, and theory of isotopes. T he photo-electric 
effect is described and the author is thus able to introduce the 
experimental evidence obtained by M illikan and his collaborators 
for the validity of E instein’s law ( Ve =  hv) and the existence  
of the quantum  constant It. (This method of introducing the  
beginner to the quantum  theory has always appealed to the re­
viewer as much simpler than the classical method which involves 
an abstract discussion of Planck’s radiation laws.) Sommerfeld 
also points out that Bohr’s fundamental equation hv =  W , —  Wa 
is the counterpart of E instein’s law.

T he third chapter, X -ray Spectra, contains a  discussion of 
the m ethods of measuring wave lengths and characteristic lines. 
In the fourth chapter the author shows that the quantum  
hypothesis m ay be expressed in the form of the postulate that the 
phase integral m ust be a whole m ultiple of the quantum  of action  
h. Bohr’s theory of the spectrum of hydrogen and ionized 
helium and the extension of this theory to include elliptic orbits 
are discussed very fully.

The fifth chapter contains a discussion of the m ost recent de­
velopm ent in the quantum theory of spectral series, such as the 
principles of selection and correspondence, the application to 
Stark and Zeeman effect and the adiabatic hypothesis.

The quantum  theory of series spectra in general is taken up 
very fully in Chapter VI, and shows how Bohr’s theory has given  
us an interpretation of a vast am ount of data so carefully com­
piled by spectroscopists and, by means of the relation of these to 
ionization and resonance potentials, has led to a deeper under­
standing of atom ic structure. This marvelous success of a bold 
speculation w ill rank as one of the m ost epoch-making achieve­
m ents in the history of science.

Chapter V II is devoted to the quantum  theory of band spectra, 
and in Chapter V III the author discusses his theory of the fine 
structure of spectral lines. The greatest interest attached to

this theory is the fact that it furnishes experimental evidence for 
the Einstein theory of relativity.

While the author has not hesitated a t the use of m athem atical 
derivations in connection with the different topics, he has w isely  
kept out the more difficult m athem atical treatm ent in each 
case and added this in the form of copious notes a t the end of 
the volume.

W hile this work covers, to a ccrtain extent, the same ground 
as that already covered so well by Foote and M ohler in their 
volume on “The Quantum Theory of Spectral Series,” the reader 
will find in it an extrem ely valuable supplem ent to the latter.

S a u l  D u s h m a n

The M anufacture of Acids and Alkalies. B y  G e o r g e  L u n g e ,  

Ph.D . Completely revised and rewritten under the editorship 
of A l e x a n d e r  C h a r l e s  G u m m in g , D.Sc.
Vol. I. Raw M aterials for the M anufacture of Sulphuric 
Acid and Sulphur Dioxide. B y W i l f r i d  W y l d .  xvi +  542 
pages. Illustrated. D . Van Nostrand Co., N ew  York, 1923. 
Price, $10.00.
Vol. V. The M anufacture of Hydrochloric Acid and Salt- 
Cake. B y  A . C . C u m m in g . xvi •+- 424 pages. Illustrated.
D . Van Nostrand C o .,  N ew  York, 1923. Price, $8.50.

"Sulphuric Acid and A lkali,” by George Lunge, has frequently  
been referred to as the "Bible of the heavy chemical industry.” 
Originally published in 1879, it  has from tim e to tim e been revised, 
extended, and brought into line w ith new developm ents in the 
manufacturing art.

The position of Dr. Lunge as a compiler of books on heavy  
chemical manufacture was som ewhat different from other authors 
of similar works. Dr. Lunge had been a chemical manufacturer, 
and later professor and professor emeritus in the Federal T ech­
nical University, Zurich. He was an indefatigable reader and 
collector of data, and carried on an extensive Correspondence with  
prominent men in the industry.

The place of "Lunge” in heavy chemical literature was there­
fore unique, and each new edition was a m atter of considerable 
interest to chemical technologists because of the ccrtain ap­
pearance of descriptions of new plants and processes.

After Dr. Lunge’s death the question of his successor became 
a m atter of great interest to the industry, and the appearance 
of the first volumes lias therefore been awaited with some eager­
ness and curiosity.

The new editor, A. C. Cumming, has a difficult problem, and 
his method of attack is best illustrated by the following para­
graphs from the E ditor’s Preface:

I t  is doubtful if any one man could take up Dr. Lunge’s task 
of describing adequately all the industries now dealt w ith in 
these volumes and it is ccrtain that few would care to attem pt it. 
Each volume will therefore be on a special subject and dealt with  
by a separate author who is responsible for that volum e and is 
given a wide discretion in his treatm ent of the subject.

The editor trusts that these united efforts will produce a new 
edition worthy of the great tradition which Dr. Lunge has 
established.

In effect, this apparently means the passing of "Lungp,” 
as it has been known, and the appearance of a com plete new  
work related only by title  to the original.

W hether this new "Lunge” will some day occupy the position  
of Dr. Lunge’s own work, cannot be decided on the first two  
volum es alone. The advertising pages at the end indicate that 
seven volum es arc in preparation, w ith others to follow, so final 
judgm ent of the, effort m ust await its completion.
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Mr. W yld’s contribution to  the series, "R aw M aterials for the  
M anufacture of Sulphuric Acid and Sulphur D ioxide,” follows 
the outline of Vol. I, Part 1, of the fourth (1913) edition of 
"Lunge.” The historical preface and the properties of the raw 
m aterials are not greatly changed, but the rest of the m atter  
has been brought up to date. Statistics were evidently compiled, 
as far as available, up to 1922, so they  give a picture of the status 
and use of the raw m aterials of the sulfuric acid industry before, 
during, and after the W orld War.

There are som e evidences of incom plete revision in the form of 
conflicting statem ents, as, for instance, on page 162: “ M any  
years ago several works ran their nitre as a  solution in water 
into the chambers. This has long since been discontinued* * * 
no independent favorable testim ony has been published* * *,” 
and on page 164, “According to the 50th Report of the Alkali 
Inspector, the application of a solution of nitrate of soda* * * 
to  the first chamber has answered very w ell.”

Interesting details of the supply of nitrogen oxides to chamber 
plants through oxidation of ammonia are given on pages 166 to 
175. The statem ent on page 174 that this process had replaced 
“plotting” a t all the works of the United Alkali Com pany 
(in England) should encourage trial installations on chamber 
plants in this country.

T he chapter on pyrites burners is much more com plete than  
the similar chapters in earlier “ Lunges,” doubtless because, of 
M r. W yld’s fam iliarity w ith mechanical furnaces.

Taken altogether, the new volum e is a  creditable piece of 
work, which displays throughout its 542 pages a  painstaking 
effort to  follow Dr. Lunge’s practice and incorporate everything  
worth while.

Vol. V, "The M anufacture of Hydrochloric Acid and Salt- 
cake,” has been produced by the general editor, A. C. Cumming. 
I t  replaces Vol. II, Part 1, of "Lunge,” but does not follow the  
same order of treatm ent of the subject. T he last edition of 
Lunge, Vol. II, Part 1, was published in 1909, so there was a 
definite need for a revised edition incorporating the developm ents 
of the last fifteen years.

The first few pages of Dr. Cum m ing’s volum e bear evidence 
of-a set task to be fulfilled as soon as possible. N o  other explana­
tion would fit the inclusion of statistics on salt production and 
consum ption exactly as in the 1909 "Lunge.” Dr. Lunge gave  
his figures up to 1907. Dr. Cumming does not add any figures 
beyond 1907, and as the sam e wording appears, there is no sug­
gestion of a desire to  present current material, but rather the  
easy use of paste and shears.

In glancing through parallel pages of “ Lunge” and Dr. Cum­
m ing’s, the paste and shears become more evident. N ew  m ate­
rial is so conspicuously absent that on arriving at page 188 a 
feeling of relief results from the sight of a drawing and descrip­
tiv e  m atter of Six and G uttm ann’s m echanical saltcake furnace, 
not included in "Lunge.”

T he author had a chance to  present new  material on conden­
sation equipment, direct m anufacture from chlorine and hydro­
gen, and to give details on bulk m ovem ent of the acid in wood  
and rubber-lined m etal, tank cars, but all these opportunities- 
were passed over.

The theory of cooling and absorbing hydrochloric acid has 
received more attention in Dr. Cum m ing’s volum e, but even this 
phase has not been brought entirely up to date.

Mr. W yld’s volum e is a  contribution to  the literature of the  
heavy chemical industry, bu t Dr. Cumming’s "Hydrochloric 
Acid and Saltcake,” in  the reviewer’s opinion, is not a worthy  
successor to Vol. II , Part 1, of “Lunge”— in fact, there does not 
appear to be much justification for its publication. I t  would  
seem  to have been a more desirable policy to postpone the prepa­
ration of this particular volum e until an author was found familiar 
w ith the subject and willing to take pains in collecting and pre­
senting information. , _  , ,

A. E. M a r s h a l l

Forest R esources of the W orld. Vols. I and II. B y  R a p h a e l
Z o n  a n d  W . N . S p a r i i a w k .  x i v  +  9 9 7  pages. M cGraw-
H ill Book Co., Inc., N ew  York, 1 9 2 3 .  Price, § 1 2 .0 0 .

W e frequently see estim ates of the am ount of standing timber 
left in this country, the rate a t which it is being cut and the rate 
a t which new tim ber is growing. This publication is, however, 
the first in which com plete information of this sort has been  
gathered together to cover the forest resources of all countries. 
T he information given is not entirely statistical, but the character 
of the forests, the uses of the wood, and the general status of 
public and private forestry are discussed for each country. 
T ypical headings for the arrangement of the information on the 
forests of each country are as follow s: Forest Area, Character of 
Forest, Character of Ownership, Annual Cut, Annual Growth, 
D om estic Consumption, Exports and Im ports, W ood-Using  
Industries, Forestry Education, Forest Laws, and Probable 
Future. In  m any cases the figures given are only estim ates, 
but the am ount of detailed information which has been gathered  
in regard to the forests of the world is surprisingly large.

The book is easy to read and the sty le  is sufficiently varied to  
prevent it  from becom ing a m onotonous repetition of statistical 
information. A series of new colored maps are provided, by  
which the character and location of the forests of different sec­
tions can be rapidly determined. These maps alone-give more 
information on the general subject than has been gathered to ­
gether into one previous publication.

T he main part of the work of direct interest to chem ists is the  
ninth chapter, Forest Resources Other than Timber. In  this 
chapter the subjects of pulp and paper, resins, naval stores, rub­
ber, tanning materials, dyewoods, cork, wood distillation, edible 
products, and vegetable oils are briefly discussed from the stand­
point of statistics and supplies o f raw material. This is not, 
however, the only place where these subjects are m entioned, since 
in every case where a country is im portant as a producer of chem ­
ical raw materials from the forests these m aterials are discussed 
under the heading of the wood-using industries of that country. 
To the chem ist, therefore, the book will be of chief interest in 
giving com plete and detailed inform ation on the source of the  
chemical m aterials which come from the forest.

L. F . H a w lE y

H eat Transm ission through W alls, Concretes, and P lasters.
B y  E z e r  G r i f f i t h s .  3 3  pages. H . M . Stationery Office,
London, 1 9 2 3 .  Price, Is. 6 d., net.

T his pam phlet is a publication of the Building Research Board, 
Departm ent of Scientific and Industrial Research of England, 
I t  gives a description of apparatus used and sum m ary of results 
obtained in  experim ents conducted by the author to determine 
the rates of heat transm ission through various types of wall 
construction common in English building practice.

The m ethods used in investigations are similar to those em ­
ployed by American investigators. However, the materials 
reported on are not common to the building construction trade 
in th is country. Therefore, a direct comparison w ith results 
obtained by investigators and authorities in this country is of 
little  value.

Appendices are included in the book which describe wall con­
structions experimented on over an extended period b y  N or­
wegian investigators, also a sum m ary of results obtained by a 
com m ittee appointed by the Academ y of Engineering Science, 
Stockholm , Sweden.

T he conclusions laid down as the results of the Norwegian  
experiments, as well as the principles embodied in a new type of 
German wall construction briefly described, are interesting and 
well worth study by those interested in the conservation of heat 
used for industrial buildings, as well as dwelling houses.

E d g a r  C. R a e k
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A Sym bol of Safety. B y  H a r r y  C h a s e  B r e a k  l e y .  xiv  +  
290 pages. Doubleday Page & Co.. N ew  York, 1923. Price, 
$2.50.

The "Sym bol of Safety” is the label of the Underwriters’ 
Laboratories, Inc., and Mr. Brearley’s book is a review of the  
activities and significance of the work of this institution.

In a general w ay m ost of us are familiar w ith som e form of 
equipm ent carrying the label “ Underwriters’ Laboratories 
Inspected,” whether it be a fire extinguisher, a valve, a ladder, 
or even a Christmas tree lighting outfit. W e also have a hazy  
idea (unless our work has brought us into direct contact w ith  
the laboratories) that the label means a standard of construction  
and performance.

T he book, while essentially written for the nonscientific reader, 
gives a  clear picture of the developm ent and growth of Under­
writers’ Laboratories, from a single room and a total force of 
three in 1893 to  a  main testing plant occupying 55,000 square 
feet, tw o branch laboratories, and em ploying four hundred and 
fifty people in 1922.

T he story is interesting to the chem ist and the engineer, as 
it shows the gradual appreciation by outside interests of the 
reliability and value of laboratory testing methods.

The present scope of the testing work of Underwriters’ Labora­
tories will surprise m ost readers of the book. Certificates of 
air-worthiness for aeroplanes, rating of autom obiles as regards 
fire hazards, testing of gasoline supply system s, and determ ination  
of the ultim ate breaking point of building colum ns under load 
and conflagration conditions, are som e of the unexpected features 
of the laboratories’ operations.

T he im portant position of Underwriters’ Laboratories in 
relation to  industry is indicated by the statem ent that over 
half a billion labels' were issued and applied to inspected equip­
m ent in 1922.

T he book, despite its nontechnical language, is well and in­
terestingly written. I t  is free from evident errors and bears 
internal evidence of careful revision.

The illustrations are remarkably good, and as they  occupy 
75 pages in comparison to  247 pages of text m atter, it  would  
seem that the photographer, following current m otion picture 
practice, should have received title page acknowledgment.

A. E . M a r s h a l l

M aterial H andling Cyclopedia. E dited  and com piled by R o y  
V. W r i g i i t ,  J o h n  G. L i t t l e ,  R o b e r t  C. A u g u r ,  and seven 
others. 847 pages. Simmons-Boardman Publishing Co., N ew  
York, 1921. Price, buckram $6-00; leather, $12.00.

A s its nam e implies, this volum e is a com plete compendium  
of information on tools for handling materials. I t  consists of 
three distinct sections. The first section is a dictionary of the 
terms used later, and thus a reasonably com plete dictionary of 
the terms in general use in this kind of work. Probably the 
m ost interesting point about this section is that it  serves as the 
general index to the volum e. After each definition is noted the 
page or pages in  the later sections on which full discussion of 
that subject is to  be found. This innovation m ight well be 
followed by other compilers of such compendia, for certainly  
it couples the idea directly w ith its full explanation. However, 
one unfamiliar with the scheme on which this index is built will 
search in vain through the book for the custom ary general index, 
as the only other one included is a table of contents listing the 
sections and chapters in  the order in which they  are treated. 
T he dictionary itself is divided into two parts, one dealing w ith  
general terms and the other w ith electrical terms.

T he second section is entirely descriptive of material handling 
equipment and makes up more than half of the whole book. Here 
qualified individuals discuss the various phases of the problems 
m et under the following chapter headings: H oisting M achinery,

Package Handling Conveyors and Elevators, Loose M aterial 
Conveyors and Elevators, Conveying M achinery D etails, E le­
vators, Trackless Transportation, Industrial Rail Transporta­
tion, and Handling Systems.

The third section is devoted to advertising. I t  is interesting  
to note the method of handling this material, which, incidentally, 
is well indexed and cross indexed. T he pages are made up in 
strict conformity with the preceding text section and the only  
indication of their advertising nature is that the signature of 
the advertiser appears a t the bottom  of each page. N o typo­
graphical displays of any kind are included, and as one glances 
through the book it is not a t all obvious where one section ends 
and the other begins.

NEW BOOKS

A lum inium  F acts and F igures (V est P ock et E d ition ). 55 pp. Price, 2s. 6d .
T h e B ritish  A lum inium  C o., L td ., L ondon.

C hem ical R esistan ce  of E n gin eerin g M ateria ls . M a r sto n  L o v k i . i .  

H a m lin  a n d  F r a n c is  M il l s  T u r n e r , J r . 264 p p . P rice, $5 .00 . 
C hem ical C atalog  C o., Inc ., N ew  Y ork.

C hem istry a s  a  C areer. A S yn op sis  of L ectures G iven  b y  th e R egistrar  
before C ollege C hem ical S ocieties during 1921-1923 . In s titu te  of 
C hem istry  of G reat B ritain  and Ireland , London.

C ourse in G eneral C hem istry, Includ ing an  Introduction  to Q ualitative  
A nalysis. W il lia m  C. B ra y  an d  W e n d e l l  M . L a t im e r . 1 '13 p p . 
Price, S I .60. T h e M acm illan  C o ., N ew  Y ork.

C ultivation of Lac in  th e  P la in s  of Ind ia . R a i  B a h a d u r  C. S. M is r a . 
B u lletin  N o . 142, Agricultural R esearch In stitu te , P usa . S3 pp. 
Price, R s. 1 SAs. Sup erin ten d en t of G overn m en t P rinting, C a lcu tta . 

D ictionnaires T echn iq u es I llu s tr is  en  S ix  L an gu es. F ran ca is-A llem an d -  
A n gla is-R u sse-Ita lien -E sp agn ol. A . S c h l o m a n n . 13 vo lu m es, each  
d evoted  to  a separate branch of engineering and in d u stry . D un od , 
Paris.

D om ain  of N atural S cien ce . E . W . H o b s o n . T h e Gifford L ectures D e ­
livered in th e U n iversity  o f A berdeen in 1921 and 1922. 510  pp.
Price, $6 .50 . T h e M acm illan  C o., N ew  Y ork.

Fu n d am entals of O rganic and B iological C hem istry. T iio m a s  G u t h r ib  
P h il l ip s . 260 pp. P rice , $2.00 . D . A ppleton  & C o., N ew  Y ork. 

H ydraulics for E ngineers and  E n gin eerin g S tu d en ts . F . C . L ba. 4 th  
ed ition . 594 pp. P rice , $6.00  n et. L ongm ans, G reen & C o., N ew  
Y ork. A  revised and enlarged ed ition , in ten d ed  to  be of va lu e not 
on ly  to  practicing engineers b ut to  stu d en ts.

Laboratory E xperim ents in  C hem istry to A ccom pany B lack and C onant’a 
“ Practical C hem istry.” H .  H e n r y  B l a c k . 167 pp. Price, 80 cen ts. 
T h e M acm illan  C o., N ew  York.

M aterie, E lektrizität, Energie; D ie  Entw ick lung der A tom istik  in  d en  L etz ten  
Zehn Jahren . W . G b r l a c h . V ol. V II. W issen sch a ftlich e  F orsch ­
u ngsberichte. N atu rw issen sch aftlich e  R eih e , ed ited  by R . E . I . ie s b - 
g a n o .  195 pp. Price, 3s. 3d . T . SteinkopfT, D resden and Leipzig. 

M ineral Industry of th e British  E m pire and Foreign  C ountries. S ta t is t ic s ,  
1919-21. T in . Im perial M ineral R esou rces  B ureau . 44 pp. P rice, 
Is. Od. H . M . S ta tion ery  Office, London.

N eu eren  C hem otherapeutischen  Präparate aus der C hininreihe (O p toch in , 
im  B eson deren  Eukupin und Vuzin) und aus der A krid inreihe (T rypa-  
fiavin, R iven ol). E . L a q u e u r , assisted  b y  A. G r E v b n s t u k , A. S lu y -  
T E R S, a n d  L. K . W o i . p r .  9 0  pp. Price, paper, 3s. Ju lius Spriuger, 
Berlin.

Organic A nalysis, Q ualitative and Q u an titative . E . d e  B a r r y  B a r n e t t  
a n d  P. C. L. T h o r n e . 180 p p . Illu strated . Price, $2 .25 . D . V an  
N ostrand  C o., N ew  Y ork.

Prelim inary E xperim ents in  th e L ow -T em perature C arbonisation  of Coal in  
V ertical R etorts. F u el R esearch Board. T echn ica l P aper  7 . 
D ep artm en t of Scientific and In d u str ia l R esearch . 27  pp. Pricc, 
lOd. H . M . S ta tion ery  Office, L ondon.

P roduction  of Liquid F u e ls  from  O il S h a le  and C oal in  A ustralia . R . E . 
T h w a it b s . In stitu te  of Science and In d u stry . B u lle tin  24, 62
pp. G overnm ent Printer, M elbourne.

S o ils , T heir Property and M an agem en t. T . L y t t l b t o n  L y o n , E l m e r  O. 
F i p p i n , a n d  H a r r y  O. B o o k m a n . R ural T ex tb ook  Series. 764 p p . 
Illu strated . Pricc, $3.25. T h e M acm illan  C o., N ew  Y ork.

T ab elle  und A nleitung zur E rm ittelung d e s  F e ttg e h a ltes  nach  V erein fachtem  
V erfahren in  N arh un gsm itteln . F u tterm itteln  und G eb rau ch sgegen -  
stan d en . J. G r o s s p e l d . 12 pp. Price, Is . J. Springer, Berlin.

T ext B ook  of P h y sics  for th e  U se  of S tu d en ts  of S c ien ce  and  E ngin eerin g. 
P arts II  and I II . H ea t and L ight. J. D u n c a n  a n d  S . G . S t a r l in o . 
314 pp. Price, $2 .00 . T h e M acm illan  C o., N ew  Y ork .

V iscosity  of C ellu lose . R . D . R ep ort N o . 22 (P art I I I ) .  Price, la . 9J^d.
H . M . S ta tion ery  Office, London.
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G O V E R N M E N T  PU BLICA TIO N S

Commerce Reports—August

N o t ic e — Com merce R eports  arc received by all large libraries a n d  m a y  be 
consulted there, or s ingle num bers can  be secured by app lica tio n  to the B ureau  
o f  Foreign and  D om estic  Com m erce, D epartm ent o f  Com merce, W ash ing ton , 
D . C . T h e  regular subscrip tion  rate fo r  these C om m erce R eports  m ailed  
w eekly  is  $3 .00  per year (10 cents per single copy), payable in  advance to the 
S u p er in ten d en t o f D ocum ents, G overnm ent P r in t in g  Office, W ash ing ton , D . C .

T he H ide and Leather D ivision of the Departm ent of Com ­
merce has received a lis t of the tanneries in the Departm ent of 
Valle del Causa, Colombia. This list is available to firms regis­
tered on the Exporters’ Index. (P. 343)

T he President of M exico has signed a decree which exem pts 
from im port duties all petroleum imported into M exico for the 
purpose of refining. This concession is made to  assist the M exi­
can refining industry which has been passing through a severe  
crisis because of the scarcity of oil coming from the M exican  
fields for refining. (P. 351)

The annual consum ption of paraffin wax in Constantinople  
is betw een 1000 and 2000 sacks, of which 75 per cent is supplied  
by American firms and the remainder by Rumania. The pros­
pects for the future developm ent of the trade in paraffin in Turkey  
appear to be good. (P. 352)

There is a sm all but consistent demand for calcium carbide 
in the Colombo consular district, and a t present the United  
States is not on the list of suppliers. (P. 360)

Honduras offers a rapidly expanding m arket for paints. (Pp. 
360-1)

The annual report of the Harzgesellschaft shows that in the  
year 1922, 127 tons of resin were extracted. From  this am ount 
88,000 kilos of finished resin and 20,500 kilos of turpentine were 
obtained. The Deutsche Harzgesellschaft has enlarged its 
works and has leased new ground and an increased production 
is anticipated. (P. 361)

The German press is now em phasizing the desirability of con­
cluding an arrangement w ith Russia to open up the la ttcr’s 
enormous phosphate resources and convert the raw material to  
superphosphate on the ground in chemical plants operated by  
Germany. (Pp. 361-2)

According to  certain German dealers, wages and salaries in 
Baden have increased to such an extent that certain chem icals 
can be imported at a lower price than it would cost to m anu­
facture them  in Germany. S tuttgart dealers claim that prices 
of chemicals in the occupied areas are approxim ately 50 per 
cent lower than in the unoccupied areas. (P. 362)

The use of calcium carbide is gradually decreasing in the state  
of Sao Paulo, Brazil. (P. 362)

Intensified activ ity  on the part of oil shale m ines owned by  
the Esthonian governm ent resulted in a  considerable increase 
in the total value of the production in 1922 as compared w ith  
previous years. (P. 417)

The exports of chem icals and allied products from the United  
States for the first six months of 1923 had an aggregate value of 
575,125,022, an increase of 21 per cent over the first six m onths 
of 1922 and equivalent to 67 per cent of the total value of $112,- 
836,432 for the entire year 1922, June being the record m onth. 
(Pp. 419-22)

An American concern is to  build a kraft pulp mill in Ontario, 
Canada, with a minimum daily capacity of 75 tons. T he m anu­
facture of kraft paper is a new developm ent in that com m unity  
and w ill bring into use a wider variety of woods than has been 
used. (P. 431)

The im portation into M exico of all narcotic drugs, except by  
the Public H ealth D epartm ent of the governm ent, has been 
prohibited. (P. 438)

Figures are given showing the new increase in Polish consum p­
tion taxes on m ineral oils. (P. 440)

A new Sw iss carburetor has been invented w ith features that 
perm it the use of benzene, gasoline, kerosene, or alcohol, w ithout 
alteration of the carburetor. (P. 463)

The Japanese heavy chem icals and dyestuffs m arket in 1922 
is reviewed. I t  is pointed out that the United States has not 
held the position which it  gained during the war, w ith the single 
exception of the trade in sulfate of ammonia. For other heavy  
chem icals and dyestuffs Japan is now turning to England and 
Germany, principally because better prices can be had from those 
countries. (Pp. 465-6)

Statistics are given showing the Canadian production, im­
ports, and exports of arsenic in 1921 and 1922. (P. 466)

Interested parties m ay obtain from the Bureau of Foreign  
and Dom estic Commerce a com plete list of the names and ad­
dresses of quinine plantations in the Netherlands E ast Indies. 
(P. 466)

The Chilean Congress is considering the question of having  
an international exposition of products relating to mining, 
m etallurgy, and nitrate a t Santiago in 1924. (Pp. 479-80)

A general feeling of optim ism  characterizes the petroleum  
situation in Rumania. Production is good and on the whole 
there is considerable confidence in the situation. (P. 481) 

Small quantities of Cuban motor alcohol have been imported 
recently into the Canary Islands for experimental purposes with  
a view  to the introduction of that product there. (P. 483)

The construction of the canal through the Coyuca and San 
Jeronimo lagoons in M exico is bringing to light an alm ost in­
exhaustible su pp ly .of mangrove, the bark of which is used so  
extensively in the tanning industry. (P. 487)

It is estim ated that the Sw edish wood pulp production for 
this year, instead of being normal (approxim ately 880,000 metric 
tons), will be about 720,000 m etric tons, of which about 535,000 
tons will be available for export. Production has been lowered 
because of labor troubles. (P. 488)

B y a recent M exican decree all products obtained from foreign 
petroleum imported for refining will pay only 15 per cent of the 
current quotas and will be exem pt from the M exican export 
duties. (P. 497)

The Scottish mineral oil industry has survived the stress of 
recent years and js now in practically full operation. (P. 537) 

B oth the im port and export trade of the United States in 
chem icals and allied products have been on the upswing during 
the first six m onths of 1923. An exact comparison of the im­
port trade w ith corresponding months of 1922 cannot be made 
owing to the change in classification necessitated by the alter­
ations in the im port schedule. A conservative estim ate, however, 
would place the gain in incoming shipm ents a t over 40 per cent. 
(Pp. 543-4)

Samples of a wood fiber, known in the state of Vera Cruz 
as “jonote,” have been received in the T extile D ivision of the 
Bureau of Foreign and Dom estic Commerce, and are available  
for inspection. (P. 551)

In accordance w ith the Commercial T reaty between Austria  
and Italy, the latter has agreed to grant special rates on the  
following com m odities imported from Austria: articles of copper, 
nickel, zinc, and their alloys; m agnesite bricks; carbonic acid, 
copper sulfate, ammonium sulfate; varnishes; glue; and pul]) 
for the m anufacture of paper. Austria, on the other hand, 
has agreed to adm it the following Italian goods a t special rates: 
olive oil; essential oils; sulfur, boric, tartaric, and citric acids; 
borax; ammonium sulfate, calcium citrate, copper sulfate; super­
phosphates; calcium  cyanide; and oilseed cakes. (P. 562)

Ita ly  has m odified her general custom s tariff rates on the 
following American products: artificial silk; alum inium  and its 
alloys, essence of turpentine; sodium carbonate; barium chloride; 
lithopone; chem ical fertilizers, including calcium cyanam ide and 
impure nitrate of ammonium; formaldehyde; and organic syn­
thetic colors. (P. 563)

Italy has slightly reduced her custom s tariff on American 
ferro-alloys. (P. 564)

Latvia has placed an import duty on salt. (P. 564)
All m aterials and machinery for use in the manufacture of 

ether alcohol w ithin the Republic of Salvador m ay be imported  
free of duty. (P. 565)

S t a t i s t i c s  o i ’ E x p o r t s  t o  t h e  U n i t e d  S t a t e s  
G erm any— (P. 466) C anada— (P. 48S)

H e a v y  ch em icals W ood pulp
D y es  and d yestuffs

T am p ico , M cxico— (P. 483)
P etroleum  
G asoline  

S p e c i a l  S u p p l e m e n t s  I s s u e d  
Algeria Indo-C hina
D an z ig  U ruguay
Fin land  V enezuela

A ustrian  T rad e in  R u b b e r . P rodu cts. C. H . F o s t e r .  T rade I n ­
fo rm a tio n  B u lle tin  131.

P o lish  P etro leu m  In d u stry  in 1922. T ra d e  In fo rm a lio n  B u lle tin  135. 
T h e B razilian  M arket for Paper and Paper P rodu cts. T rade I n ­

fo rm a tio n  B u lle tin  127.
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N otice— Publications for which price is indicated can be purchased from
the Superintendent o f Documents, Government Printing Office, Washington,
D. C. Other publications can usually be supplied from  the Bureau or De­
partment from which they originate.

Bureau of the Census
C h em ica ls and  A llied  P rodu cts. 14th C en su s o f th e  U n ited  S ta te s , M an u ­

factu res , 1919. Prepared under th e  su p erv ision  o f 12. F .  H a r t l e y . 
187 p p . 1923.

E sse n tia l O ils . M an u factu res, 1921. 8 pp. Paper, 5  cen ts.
E xp losives. M an u factu res, 1921. 10 pp. Paper, 5  cents.
P u lp -W ood  C onsum ption  an d  W ood -P u lp  Produ ction . C om piled  in co ­

operation  w ith  th e  D ep artm en t of A griculture, F o rest S erv ice. F orest  
P rodu cts, 1921. 13 p p . Paper, 5  cents.

T u rp en tin e and R osin . M an u factu res, 1921. C om piled  in coop eration  w ith  
th e D ep artm en t of A griculture, B ureau  of C hem istry . 10 pp. Paper, 
5 cents.

Bureau of Mines

A ccidents at M etallu rgical W orks in th e U nited  S ta tes  during th e  C alendar  
Y ear 1921. W . W . A d a m s . T echn ica l P a p e r  3 2 T. 31 p p . Paper, 5 
cents.

Carbon T etrach loride E xtin gu ish er on  E lectric F ires. S . H . K a t z , E . J. 
G l e im , a n d  J .  J .  B l o o m f ie l d . R eports  o f  Investiga tions  2499 . 1G p p .
Issued  J u ly , 1923.

■Coal-M ine F a ta litie s  in  J u n e , 1923. W . W . A d a m s . R eports  o f  In ves tig a ­
tions  2508 . 4 pp. Issu ed  J u ly , 1923.

C om parative T e s ts  of B y-P rodu ct C oke and O ther F u e ls  for H o u se -H e a tin g  
B oilers. H e n r y  K r e i s i n g e r , J o h n  B l i z a r d , H .  W .  J a r r e t t , a n d  
J. J . M c K i t t e r i c k . T echn ica l P a p er  3 15 . 21 pp. Paper, 5  cen ts.

D isa stro u s Inflam m ation  of Coal D u st in  Excavating a M in e  D um p . C . 
A. H e r b e r t . R eport o f  Investiga tions  2498. 2 p p . Issu ed  J u ly , 1923.

E xp erim en ts on F an -P ip e In sta lla tion s at B u tte , M on tan a. G. E . M c-  
E lr o y  a n d  A. S. R i c h a r d s o n . R eports  o f  Investiga tions  2509 . 14 pp.
Issued  Ju ly , 1923.

E xp losives U sed  in  Ju ne, 1923. W . W . A d a m s . R eports  o f  Investiga tions  
2514. 5 p p . Issu ed  A ugu st, 1923.

P rogress of In vestiga tion s on  L iq u id -O xygen  E xp losives. S .  P .  H o w e l l , 
J. W. P a u l , a n d  J . L . S h e r r i c k . T echn ica l P a p e r  294 . 91 pp. Paper,
15 cents.

S om e G enera l C onsiderations of th e G um m y M eter  P rob lem  in  th e G as 
Industry . R . I,. B r o w n . R eports  o f Investiga tions  2503. 8  p p . Issued
Ju ly . 1923.

Sulfur Trioxide S m oke T u b es for D eterm in in g  Air C urrents. S . H . K a t z  
a n d  J. J. B l o o m f i e l d . R eports  o f  Investiga tions  2505 . 2  pp. Issu ed
J u ly , 1923.

T est P ap ers for E stim atin g  H yd rocyanic A cid G as in  Air. S . H .  K a t z  

a n d  E . S . L o n g f e l l o w . R eports  o f  Investiga tions  2504 . 5 pp. Issu ed
Ju ly , 1923.

T h e U se  of O xygen  or O xygenated  Air in  M etallu rgical and A llied  P r o c e sse s . 
(R eport of th e C om m ittee  for th e  A pp lication  o f O xygen or O xygenated  
A ir.) F . W . D a v i s . R ep o rts  o f  Investiga tions  2502 . 2  pp. Issued
Ju ly , 1923.

Department of Agriculture

A bsorption and R eten tion  of H ydrocyanic A cid by F u m igated  Food P rodu cts. 
E . L. G r i f f i n , I . E . N e i f e r t , N . P e r r in e , a n d  A . B . D u c k e t t . D e­
partm en t B u lle tin  1149. 16 p p . P a p e r , 5  cents.

Air Circulation in  D ry K iln s. T echn ica l N o te  199, F orest P rodu cts L abora­
tory , U . S . F orest Serv ice, M adison , W is. 4 pp.

C om m ercial P r o cesse s  o f P u lp in g  W ood s for P aper. T echn ica l N o te  204, 
F orest P rodu cts L ab oratory , U . S. F orest Service, M ad ison , W is. 2 pp.

D em on stration  C ourses in  K iln  D ryin g, B ox in g  and C rating, G lu ing of 
W ood, W ood P roperties and U se s . M isce llaneous C ircu lar  8 . P re­
pared b y  th e F orest P rodu cts L aboratory , U . S . F orest Serv ice. 20  pp. 
Issued June, 1923.

G reasew ood  as  a P o iso n o u s  P lan t. C .  D . M a r s h , A. B . C l a w s o n , a n d  
J. F . C o u c h . D epartm ent C ircu lar  279 . 4  pp. Issu ed  J u ly , 1923.

H om e T an n in g of L eath er and S m all Fur S k in s. R . W . F r e y , I . D . C l a r k e , 
a n d  F .  P . V e it c h . F arm ers’ B u lle tin  1334. 27  p p . P aper, 5 cents.

Im portation  and  In sp ectio n  o f T ea . M isce llaneous C ircu lar  9. 12 pp.
Issued  A u gu st 31 , 1923. P aper, 5 cents.

In flu en ce o f S om e N itrogen ou s F ertilizers on th e D evelop m en t o f C hlorosis  
in  R ice . L .  G . W i l l i s  a n d  J .  O. C a r r e r o .  J o u r n a l o f  A g ricu ltu ra l 
Research, 24  (M a y  19, 1923), 0 2 1 -4 0 .

Program  of W ork, F orest P rod u cts L aboratory, 1923-1924, in  C ooperation  
w ith th e  U niversity  of W iscon sin . 114 pp. Ju ly  20 , 1923.

T he B o ll-W eev il P rob lem . W .  D .  H u n t e r  a n d  B .  R .  C o a d .  F a n n e rs ' 
B u lle tin  1329. 30  pp. Issu ed  Ju ne, 1923.

W ater-R esistan t C old P r e s s  B lood  A lbum in  G lue. T echn ica l N o te  202, 
F orest P rodu cts L aboratory, U. S. F orest S ervice, M ad ison , W is. 2  pp.

'W earin g  Q u alities  o f S h o e  L ea th ers. F . P . V e i t c h ,  R . W . F r e y ,  a n d

I. D . C l a r k e . D epartm en t B u lle tin  1168. 24 pp. Issu ed  S eptem ber, 
1923.

Department of Commerce
C om m ercial and  Industrial O rganizations o f th e U nited  S ta tes . M isce l­

laneous Serie s  99 . R ev ised  ed ition , M arch 1, 1923. 225  p p . Paper, 
20 cents.

Geological Survey

A ntim ony in 1922. F . C .  S c h r a d e r . Sep arate from  M ineral R esources of 
the U nited  S ta tes , 1922, P a r tT . 9 pp. P ublished  A ugu st 7, 1923.

A sb esto s  in  1922. E d w a r d  S a m p s o n . Sep arate from  M ineral R esources  
of th e  U nited  S tates, 1922, Part I I . 7 pp. P u b lish ed  A ugu st 29 , 1923.

B au xite and A lum inium  in  1922. J . M . H i l l . S ep arate from  M ineral 
R esources of the U nited  S tates, 1922, Part I. 10 pp. P ublished  A ugu st  
6, 1923.

B oundaries, A reas, Geographic C enters and A ltitu d es of th e U nited  S ta tes  
and th e Several S ta tes  with a B rief R ecord  of Im portant C han ges in  T h eir  
Territory. E .  M .  D o u g l a s . B u lle tin  689 . 234 pp. Paper, 50  cen ts.

Chrom ite in  1922. E d w a r d  S a m p s o n . Separate from M ineral R esources  
o f ‘the U nited  S tates, 1922, P art I . 0  pp. P u b lish ed  A ugu st 27 , 1923.

Fluorspar and Cryolite in  1922. H .  W . D a v i s . Sep arate from  M ineral 
R esources of th e U nited  S ta tes , 1922, P art I I . S p p . P ublished  A u gu st  
10, 1923.

G eology an d  G round-W ater R esou rces  of S acram en to V alley , C alifornia. 
K i r k  B r y a n . Prepared in cooperation  w ith  th e D ep artm en t o f E n gin eer­
ing of th e  S ta te  of C alifornia. W a te r-S u p p ly  P aper  495 . 285  p p . P aper,
(50 cents.

G eology and O re D ep osits  of th e C reede D istr ic t, Colorado. W . H .  E m m o n s  
a n d  E .  S .  L a r s e n . B u lle tin  718 . 19S pp. Paper, 40 cents.

Graphite in  1922. A . 11. R e d f i e l d . Sep arate from  M ineral R esources of 
th e U nited  S ta tes , 1922, Part II . 6 pp. P ublished  S ep tem b er 11, 1923.

M ineral R esou rces of A laska: R eport o f P rogress of In vestiga tion s in  1921. 
A . H .  B r o o k s  a n d  O t h e r s . B u lle tin  739 . 109 pp.

M ineral R esou rces  of the U nited  S ta te s  in  1922 (P relim inary Sum m ary). 
Introduction  b y  G . F . L o u g i i l i n . S ta tis tic s  assem bled  b y  M . B . C l a r k  
from d a ta  furnished by specia lists  of th e D iv is ion  o f M ineral R esources. 
124A p p . Published A ugust 15, 1923.

N itrates in  1922. G . R . M a n s f i e l d . S ep arate from  M ineral R esources  
o f th e  U nited  S ta tes , 1922, Part II . 2 pp. P u b lish ed  A u gu st 24, 1923.

R ock Form ations in  the Colorado P la teau  of S ou th eastern  U tah and N orth­
ern A rizona. C. R . L o n g w e l l , H . D .  M i s e r , R . C . M o o r e , K i r k  
B r y a n , a n d  S i d n e y  P a i g e . P ro fessiona l P a p e r  132-A . Sep arate from  
Shorter C ontributions to  G eneral G eology, 1923. 23  pp. P ublished
J u ly  27, 1923.

S alt, B rom ine, and Calcium  Chloride in  1922. K .  W . C o t t r e l l . Sep arate  
from  M ineral R esources of th e U n ited  S ta tes , 1922, P art II . 7 p p . P u b ­
lished A ugust 9 , 1923.

Public Health Service

In ten sive  L ocalized D istrib u tion  of th e Spore B . B o t u l i n u s  an d  P robab le  
R elation  of P reserved  V egetab les  to T ype D em on stra ted . J . C .  G e i g e r  
a n d  H a r r i e t  B e n s o n . P ub lic  H ealth  R eports  38  (Ju ly  20 , 1923), 1 0 1 1 -  
15.

On th e M ech anism  o f th e A ction o f A rsen ic upon Protoplasm . C a r l  
V o r g t l i n , H .  A. D y e r , a n d  C .  S .  L e o n a r d . P u b lic  H ealth  R eports  38  
(A ugust 17, 1923), 1S 82-1912.

Ph ysio log ica l E ffects o f H igh  T em p eratu res and  H u m id ities w ith and w ith­
out Air M ovem ent. E ffects on B ody T em perature and P u lse  R ate  of  
S u b jects at R est. R . R . S a y e r s  a n d  D .  H a r r i n g t o n . P u b lic  H ealth  
R eports  38 (Ju ly  20 , 1923), 1016-37 .

S tu d ies  on  O xidation-R ed u ction . II . An A n alysis  of th e  T h eoretica l 
R elations b etw een  R ed uction  P o ten tia ls  and p H . W . M . C l a r k  a n d  
B a r n e t t  C o h e n . R e p rin t 826  from  P u b lic  H ealth  R eports. 18 pp. 
Paper, 5 cents.

S tu d ies  on O xidation-R ed u ction . III. E lectrod e P o ten tia ls  of M ixtures  
of l-N a p h th o l-2 -S u lfo n ic  Acid Ind op h en ol and th e  R ed uction  P roduct. 
W . M . C l a r k  a n d  B a r n e t t  C o h e n . R e p rin t  834 from  P u b lic  H ea lth  
R eports. 20 pp. Paper, 5 cents.

S tu d ies  on  O xidation-R ed u ction . IV . E lectrod e P o ten tia ls  of Indigo  
SulfonateS, E ach in  E quilibrium  w ith Its  R ed u ction  P roduct. M . X . 
S u l l i v a n , B a r n e t t  C o h e n , a n d  W . M .  C l a r k . P u b lic  H ealth  R eports

■ 38 (Ju ly  27 , 1923), 1069-1718 .

Smithsonian Institution

An O utline of G eoph ysica l-C h em ica l P rob lem s. R . B .  S o s m a n . P u b li-  
catioyi 2682. S eparate from  the S m ith son ian  R eport for 1921. 10 pp.

A tom ic W eigh ts and Iso to p es . F . W . A s t o n . P ub lica tion  2679. S eparate  
from  th e S m ithson ian  R ep ort for 1921. 1G pp.

L ead . C. W . M i t m a n . P ub lica tion  2704. S eparate from  th e Sm ithson ian  
R eport for 1921. 20 pp.

M odify ing Our Id ea s of N ature: T h e E in ste in  T heory of R ela tiv ity . II . N .  
R u s s e l l . P ublica tion  2680. Sep arate from  th e S m ithson ian  R eport  
for 1921. 10 pp.

The A lkali Problem  in  Irrigation . C .  S .  S c o f i e l d . From  th e Sm ithson ian  
R eport for 1921. P ublica tion  2681. 11 p p .
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M A R K E T  R E P O R T -S E P T E M B E R , 1 9 2 3
[Su p p l ie d  b y  D r u g  &  C h e m ic a l  M a r k e t s  ]

N ow  th at the summer is over and the trade looks back on the  
to ta l volum e of business actually consum m ated, the figures are not 
nearly as disappointing as the pessim istic reports heard during 
July and August would have led one to  believe. Taken all in all, 
the volum e of business during the summer w as not below normal 
when compared w ith other years. Of course, in  numerous in­
stances prices were too low  for a  healthy market— th a t is, where 
th ey  were below cost of production as a  result of seasonal com pe­
tition. A s expected, the m iddle of Septem ber saw  som e expan­
sion in  demands. Buyers, however, do not appear anxious to 
abandon a policy o f caution, w ith  a  consequence th at the quantity  
of goods sold on each individual order is usually small, although  
orders are more frequently repeated.

One of the features of the m arket late in the m onth was an 
announcem ent of alkali prices for next year by a leading m anu­
facturer. T he prices for contracts are the sam e as those which 
have been m aintained this year and last year. The prices are 
considered low when the increase in costs of production are taken  
into account, but the increase in volum e of business during the 
past year to some extent offset the increased costs of production. 
T he steady prices of alkalies have had a  stabilizing influence on 
the chemical m arket as a  whole. H eavy  acids have been som e­
w hat routine w ith the exception of sulfuric acid which has been  
m oving steadily. Lactic acid has been in fair demand. Oxalic 
acid continues easy owing to lack of demand and com petition. 
All cheap lots of am m onium  chloride have been taken up and prices 
have advanced. Ammonium sulfate has been quiet but demand 
is expected to  open up soon. Export demand for arsenic has 
kept th is item  m oving better than it  otherwise would be, since 
dom estic demand has fallen off after the disappointing season for 
calcium arsenate this summer. Arsenic has climbed back to  
11 cents per pound m ainly through the call from European  
countries. Calcium arsenate is nom inal as sellers endeavor to 
liquidate stocks left over from the past season.

Bleaching powder has become firmer w ith  the approach of 
cooler weather. M ost of the distressed lots have been absorbed 
and the weakness of the summer m onths is gradually disappearing. 
Com petition continues keen and prices for the last quarter are 
still unsettled. Chlorine is settling down to  steadier buying as 
m any paper m ills resume operations. Dem and for barium prod­
ucts has been gaining steadily. The carbonate is sold well ahead 
and makers’ prices have advanced. Im ported material is scarce 
and high owing to  the high im port duty. Barium chloride de­
m and is improving and some factors are quoting higher prices. 
Copper sulfate is quiet and prices are inclined to  be easy owing to 
recent declines in m etal prices. Potassium  chlorate is firm and 
in good demand, Potassium  bicarbonate has m ade sharp ad­
vances because of scarcity abroad. Imported caustic potash is 
unsettled though no im portant price changes have occurred.

R ecent changes in selling for export in G erm any have kept the  
situation unsettled. Potassium  prussiates continue quiet and 
prices are easier. Potassium  bichromate has declined owing to  
slow demand and keen com petition. Potassium  perm anganate 
is firm with a  lone dom estic maker com peting w ith imported 
material.

Sodium com pounds have undergone little  change in prices or 
demand. Soda ash and caustic soda are in steady demand. 
M akers of sodium bichromate are quoting lower prices. Sodium  
prussiate declined during th e  m onth and then recovered again to 
its  former position a t  14 cents per pound. Sodium  chlorate is firm. 
Sodium sulfide supplies are plentiful and prices are easy in the  
face of slow demand. Dem and for Glauber’s sa lt has not been 
active and supplies are not so sm all as usual for summer months. 
T in crystals are higher for September owing to rising m etal prices.

Dem and for interm ediates has begun to show im provem ent 
after the quiet period during the summer. Inquiries have be­
com e more frequent and orders for sm all am ounts are com ing in. 
Prices have shown little  change except in the case of o- and p-tol- 
uidine. B oth these products have advanced as demand con­
tinued to increase. /S-Naphthol has been subject to som e com pe­
tition  and sales have been reported below current quotations. 
Resale lots of interm ediates have been few and scattered, and 
makers have the situation well in hand. Coal-tar crudes have 
become easier as supplies becam e more plentiful. Benzene has 
weakened considerably owing to  the recent reductions in gaso­
line prices. Phenol has declined to a basis of 28 cents per pound 
a t works. Cresylic acid demand has shown an increase and one 
maker has advanced his prices. N aphthalene continues quiet 
and prices are soft. Pyridine supplies are difficult to  locate and 
sellers are quoting up to $5.00 per gallon.

D em and for fixed oils, fats, and greases has been showing 
im provem ent this m onth. Animal oils and tallow  are higher. 
V egetable oils are in better demand and prices are stronger. 
Fish oils are reported in smaller supply this year and sellers are 
higher in their view s. Turpentine and rosin have been quiet.

H exam ethylene has been reduced by American m anufac­
turers owing to  keen com petition w ith  the im ported m aterial, 
and now 77 ‘/2 cents per pound f. o. b. N ew  York is quoted for 
100-pound lo ts and 75 cents per pound for 2000 pounds or over. 
Holders of im ported potassium  perm anganate have advanced the  
price to  18 and 19 cents per pound spot in order to feel out the  
market. D om estic makers are nam ing \ 7 l/ i  to  18 cents per 
pound a t works. Im port cost still remains high and last heard 
w as 16 cents per pound c. i. f. N ew  York. Salicylic acid is quoted  
a t 35 cents a  pound spot by makers and resellers are named at  
34 cents per pound in lim ited quantities. The m arket is reported 
quiet a t the m om ent. T he end of the season has found holders of 
citric acid well supplied and further reductions In prices are likely.

1 9 2 0 Y921 1922 1 9 2 3 .
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f i r s t - h a n d  p r i c k s  f o r  g o o d s  i n  o r i g i n a l  p a c k a g e s  p r e v a i l i n g  i n  t h e  n e w  y o r k  m a r k e t

n f O E Q A N I C C H E M IC A L S

S ep t. 1 S ep t. 15 Jan . 1923
A cid , B oric, cr y st. b b ls ............. lb. .11 .11 . 1 1 «

H yd rochloric , com m ’l, 20 0 lb. . 0 1 « . 0 1 « . 0 1 «
H ydrofluoric, 30%  b b ls .. .lb . .0 7 .0 7 .0 6
H yd riod ic , 10%  U . S . P . . . lb . .6 5 .6 5 .6 5
N itr ic , 4 2 ° , cby->. c /1  w ks.lb . . 0 5 « . 0 5 « .0 6
P hosphoric, 50%  tech ___lb. .0 8 .0 8 .0 8
S ulfuric, C . P ........................lb . .0 9 .0 9 .0 7

6 6 °  tk s. w k s . . ..........ton 1 5 .0 0 1 5 .0 0 1 5 .0 0
O leum , 2 0 % .............. ton 1 9 .0 0 1 9 .0 0 1 8 .0 0

A lum , A m m onia , lu m p .............. lb. .0 3  « . 0 3 « . 0 3 «
P o ta sh , lu m p ........................ lb . * . 0 3 « * . 0 3 « * . 0 3 «

C hrom e.......................... lb . . 0 5 « . 0 5 « . 0 5 «
S oda, g rou n d ........................ lb . .0 4 .0-4 .0 4

A lum inum  S u lfa te  (iron-free) ,1b. . 0 2 « . 0 2 « . 0 2 «
A m m onium  C arbonate, p w d ..lb . .0 9 .0 9 . 0 9 «

C hloride, w hite gran ......... lb. .0 7 }* . 0 7 « . 0 7 «
A m m onia , an h yd rou s .................lb . .3 0 .3 0 .3 0
A m m onia  W ater, drum s, 2 6 ° . Ib. . 0 7 « . 0 7 « . 0 7 «
A rsen ic, w h ite ................................ lb . . 1 0 « .1 1 . 1 5 «
Barium  C horid e..........................ton » 8 0 .0 0 * 8 2 .5 0 * 9 2 .5 0

N itr a te ..................................... lb . * . 0 7 « * . 0 7 « * . 0 7 «
B a ry tes, w h ite .............................ton 3 3 .5 0 3 3 .5 0 3 3 .5 0
B leach ing P ow d ., 35% , works

.........................................100 lb s. 1 .7 5 1 .7 5 2 .1 5
B orax, cr y st ., b b ls........................lb . . 0 5 « . 0 5 « . 0 5 «
B rom ine, pure,-w ks..................... lb . .2 9 .2 9 .2 «
C alcium  C hloride, fu sed , f.o .b .

N . Y ........................................ ton 2 4 .5 0 2 ^ .5 0 2 4 .5 0
C hlorine, liq u id ............................. lb. .0 5 .0 5 . 0 5 «
C opper S u lfa te ...................100 lbs. 5 .1 0 5 .1 0 6 .2 5
Iod in e, resu b lim ed ....................... lb . 4 .5 5 4 .5 5 4 .5 0
L ead  A ceta te , w h ite cr y sta ls , .lb . • .1 4 .1 4 .1 3

N itr a te ..................................... lb. .2 2 .2 2 .2 2
R e d ................................ 100 lb s. 1 1 .4 0 1 1 .4 0 1 0 .6 0
W h ite (C a rb .)...................... lb . . 0 9 « . 0 9 « . 0 5 «

L im e, live  an d  h ydrated , b b l..lb . . 0 1 « . 0 1 « . 0 1 «
O yster sh e ll............................lb. .0 3 .0 3 .0 3

L im e A c e ta te ......................100 lbs. 4 .0 0 4 .0 0 3 .5 0
M agn esiu m  C arbonate , te c h .. lb . .0 8 .0 8 .0 8
M agn esite , ca lc in ed .................. ton 5 5 .0 0 5 5 .0 0 5 5 .0 0
P h osph oru s, ye llo w ......................Ib. • .3 5 * .3 5 * .2 8

R e d ............................................ lb . — — * .3 0
P laster o f Paris, t e c h .............bbl. 3 .3 0 3 .3 0 3 .3 0
P otassiu m  B ich rom ate.............. lb . .1 0 . 0 9 « .1 0

B rom ide, im p orted ............ lb . .1 6 * .1 6 . 1 4 «
C arbonate , ca lc .,8 0 -8 5 % .lb . * . 0 6 « * . 0 6 « * . 0 5 «
C hlorate, cr y st .................. .lb . * . 0 7 « * . 0 7 « * . 0 5 «
H yd rox ide, 8 8 -9 2 % .......... lb . * . 0 7 « * . 0 7 « * .0 8
Iod id e, bu lk , U .S .  P ......... lb . 3 .7 5 3 .7 5 3 .6 0
N itr a te ..................................... lb . . 0 6 « . 0 6 « . 0 6 «
P erm an ganate, U . S . P . .  .Ib; * .1 8 * . 1 7 « * .1 6
Prussiate, red ........................lb . * .6 0 * .6 0 * .9 0

Y e llo w ............................ lb . * .3 2 * .3 2 * .3 8
S a lt  C ake, b u lk ...................... ton 2 4 .0 0 2 4 .0 0 2 8 .0 0
S ilver N itra te ..................................or. .4 4 .4 4 .4 4
S oda  A sh , 58% , b a g s . . .  .1 0 0  lbs. * 2 .0 0 * 2 .0 0 * 2 .0 0

C austic , 76% , N .  Y . 100 lbs. 3 .7 0 3 .7 0 3 .5 0

* R esa le or Im ported  (not an  A m erican m aker’s price).

S ep t . 1 S ep t. 15 Jan . 1923
Sodium  A ceta te ................ lb. .0 5 .0 5 . 0 7 «

B icarb onate.............. 100 lbs. 2 .2 5 2 .2 5 2 .0 0
B ichrom ate................ .......... lb . .0 8 .0 8 . 0 7 «
B isulfite , p ow d ........ ........... lb. .0 4 .0 4 .0 4
C hlorate...................... . 0 6 « . 0 6 « . 0 6 «
C yanide, 96-98% .2 3 .2 3 .2 3
Fluoride, tech ........... ..........lb . . 0 9 « . 0 9 « . 0 9 «
H yp osu lfite, b b l s . . . 100 lbs. 2 .9 0 2 .9 0 3 .6 0
N itra te , 9 5 % ............ 100 lbs. 2 . 4 2 « 2 .4 5 2 . 5 7 «
N itr ite .................. ..........lb . . 0 7 « . 0 7 « . 0 8 «
P russiate, yellow .1 4 .1 4 . 1 8 «
Ph osph ate (d i-sod .), tech .lb . . 0 3 « . 0 3 « . 0 3 «
S ilicate, 4 0 ° ............ .1 0 0  lbs. .SO .8 0 .8 0
Sulfide, 60% , fused,........... Ib. . 0 4 « . 0 4 « .0 5

Strontium  N itr a te ........... ..........lb . * .1 0 * .1 0 * . 0 8 «
Sulfur, flow ers................... 100 lb s. 3 .0 0 3 .0 0 3 .0 0

Crude, m in es............ long ton 1 4 .0 0 1 4 .0 0 1 4 .0 0
T in  Bichloride, 50%  so l’n . . .  .lb . . 1 2 « . 1 2 « . 1 0 «

O xide............................ .4 5 .4 5 .4 3
Zinc C hloride, U . S . P . . . .......... lb . .2 5 .2 5 .2 0

O xide, b b ls ................. ......... lb. . 0 8 «  . . 0 8 « . 0 7 «

O R Q A N IC C H E M IC A L S

A cetan ilide, U . S . P ., b b ls . . . .  lb. .3 5 .3 2 .3 5
A cid , A cetic , 28 p. c . . . .  100 lbs. 3 .3 8 3 .3 8 3 . 1 7 «

G la c ia l................100 lbs. 1 2 .7 8 1 2 .7 8 1 2 .0 5
B enzoic, U . S , P ...................lb . .7 2 .7 2 .7 2
Carbolic, cryst., U .S .  P .,

d ru m s............................. lb . .3 0 .3 0 .3 2
50- to  1 10-lb. t in s . . .  lb. .3 2 .3 2 .3 4

C itric, crysta ls, k egs......... lb . * .5 0 * .5 0 * . 4 8 «
O xalic, cryst., bbls., w k s .lb . .1 2 .1 2 . 1 3 «
P yrogallic, r e su b lim e d .. .lb . 1 .5 5 1 .5 5 1 .5 5
S alicylic , U . S . P ................. lb . .3 5 .3 5 .4 5
T an n ic, U . S . P ., b b ls . . .  .lb . .8 3 .8 3 .7 0
Tartaric, cryst., U . S . P . . . lb . * .3 4 * .3 4 * .3 2

A cetone, d ru m s.............................lb . .2 5 .2 5 .21
A lcohol,denatured, com p lete, gal. .4 6 .4 6 .4 5

E th y l, 190 proof, b b ls . . .g a l . 4 .7 5 4 .7 5 4 .7 0
A m yl A ceta te ..............................gal. 4 .5 0 4 .5 0 2 .5 0
Cam phor, Jap , refined, cases ,1b. .9 3 .9 3 .8 6
C arbon B isulfide, c / 1 ................ lb. . 0 6 « . 0 6 « . 0 6 «

T etrach lorid e........................lb. . 1 0 « . 1 0 « . 1 0 «
Chloroform , U . S . P .,  dru m s, .lb . .3 5 .3 5 .3 5
C reosote, U . S . P ....................... .Ib . .5 0 .5 0 .4 0
C resol, U . S . P ................................lb . .3 6 .3 6 .2 5
D extrin , c o r n ......................100 lbs. 3 .6 5 3 .6 5 3 .0 9

Im ported  P o ta to ................ lb . .0 7 .0 7 .0 9
E th er, U .S .  P ., 100 lb s ..............lb . .1 3 .1 3 .1 3
F orm aldehyde, bbls.................... lb . .1 3 .1 3 .1 8
G lycerol, d ynam ite, d r u m s .. .lb . .1 6 .1 6 . 1 6 «
M eth an ol, pure, d ru m s............gal. 1 .1 0 1 .1 0 1 .3 5
M eth ylen e B lue, m ed......... .. .lb . 2 .2 5 2 .2 5 2 .2 5
Petrolatu m , light am ber...........Ib. . 0 4 « . 0 4 « .0 3 «
P y r id in e ......................................... gal. 4 .0 0 4 .2 5 2 .7 5
Starch , corn, p ow 'd ..........100 lbs. 3 .2 2 3 .2 2 2 .4 7

P o ta to , J ap ............................lb . .0 5 .0 5 • 0 6 «
S a g o .......................................... lb . . 0 4 « . 0 4 « . 0 3 «

Courtesy of Drug &  Chemical Markets
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OILS, WAXES, ETC.

S ep t. 1

B eesw ax , pure, w h ite  , . » .lb . .3 7
C astor Oil, N o . 3 ................... . . . . l b .  .13%
C eresin , y e l lo w . . . . . .....................lb . .0 8
C orn Oil, crude, tan k s, m il ls . . . lb . .0 9
C otton seed  Oil, crud e, f. o . b.

m ill............ . . , ........................... lb . .1 0
L inseed Oil, raw, lc /1 ..................gal. .9 0
M enhaden  Oil, crude, m ills ., .g a l. .4 0
N e a t ’s-foot Oil, 2 0 ° ....................... lb . .1 5
Paraffin, 128 -130  m. p ., r e f . . . .lb . .0 4
R osin , " F ” grade, 280 l b s . . . .b b l. 5 .9 0
R osin  Oil, first ru n .......................gal. .4 5
S hellac , T . N ..................................... lb . .5 7
Sperm  Oil, b leached w inter,

3 8 ° ...........................   gal. .9 9
S tearic A cid , d ouble p ressed ., .lb . .1 3 %
T allow  Oil, acid less........................ lb . .0 9
T u rp en tin e, sp irits o f ................. ga l. .9 5

M E T A L S

A lum inium , N o . 1, in g o ts  lb . .2 5
A n tim on y , ord in ary ...........100 lbs. 6 .7 5
B ism u th ...................................................lb . 2 .7 5
C opper, e lec tro ly t ic ....................... lb . . 13%

L a k e ............................................. lb . .1 3 %
L ead . N . Y ............................. 100 lbs. 6 .7 5
N ick el, e lec tro ly t ic .........................lb . .2 9
P latin u m , refined, s o f t ....................oz. 11 6 .0 0
Q uicksilver, fla sk  75 lb s. ea. 6 2 .0 0
S ilver, foreign ...................................oz. .62%
T in .......................................................... lb . .4 0 %
T u n gsten  W o lfr a m ite .. . .  per u n it 8 .5 0
Zinc, N . Y  ....................100 lbs. 6 .7 5

S ep t. 15 Jan. 1923

.37 .3 6

.1 3 .1 3

.0 8 .08%

.1 0 ;09%

.1 0 .09%
.9 0 .87
.1 2 % .53
.16% .18%
.0 4 .04

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

.9 9 1 .0 3

.13% .12%

.10% .11%
1 .0 2 1 .5 6

116
62

25
75
75
13%
13%

,75
29
,00
,00
,62%
.12
,50
,S5

F E R T IL IZ E R  M A T E R IA L S

.2 3
6 .7 5
2 .7 5  

• 14 
. 1 4 *

7 .8 0
.3 6

1 1 8 .0 0
7 3 .0 0

.6 3

.3 9
7 .5 0
8 .2 5

C O A L -T A R C H E M IC A L S

C ru d e s

A nthracene, 8 0 -8 5 % . .7 5 .7 5
B en zene, pure, ta n k s ., .2 4 .2 4
N ap h th a len e , f la k e .. . ................. lb . .0 7 .0 7
P h en ol, d ru m s.............. .3 0 30

C r u d ts  (concluded) 

T olu en e, pure, ta n k s ...........

In te rm e d ia te s
A cids:

G am m a.
H ..............

B en za ldehyd e, tcch .
U . S. P .................

B en zidine B ase . 
B en zid ine S u lf a t e . . .  
D ia m in op h en o l..........

D im eth y lan ilin e .

D in itro to lu en e .

A m m onium  S ulfa te, ex p t. 100 lbs. 3 .4 5  3 .4 5  3 .9 0
B lood , dried , f. o . b. N . Y . . .u n it  3 .7 5  3 .7 5  4 .7 0
B on e, 3 and 50, ground, ra w ..to n  2 5 .0 0  2 5 .0 0  2 8 .0 0
C alcium  C yanam ide, u n it of

am m o n ia ........................................  2 .2 5  2 .2 5  2 .2 5
Fish  Scrap, dried, w k s  u n it 3 . SO 3 . SO 5 .3 5  & .1 0
P h osp h ate  R ock , f. o . b . m ine:

F lorida P eb b le , 68%  ton  3 .2 5  3 .2 5  3 .0 0
F lo r id a ,7 0 % ..........................ton  3 .5 5  3 .5 5  3 .5 5
Florida, 7 4 -7 5 % ...................ton 4 .5 0  4 .5 0  4 .5 0
T en n essee, 7 2 % ....................ton  5 .5 0  5 .5 0  5 .2 5

Potassiu m  M u riate, 8 0 % . . .  .u n it  .6 8  .6 8  .6 8
T an k age, h igh-grade, f. o . b.

C h icago ................................... u n it 3 .6 0  & .1 0  3 .0 0  & .1 0  4 .7 5  & .1 0

.7 5

.3 0

.06%

.3 2

m -N itroan ilin e. 
p -N itr o a n ilin e ..

o -N itro to lu en e.

R  S a lt   .................
R esorcinol, tech ..............

U. S . P . . . . . ............
Schaeffer's S a lt ...............
Sodium  N a p h th io n a te .

r r „ Vol. 15, No.

S ep t. 1 S ep t. 15 Jan. 192;

îal. .2 8 .2 8 .3 0

cal. .6 5 .6 5 —

.lb . .9 6 .9 6 1 .1 0

.lb . .7 0 .7 0 .6 5

.lb . 1.00 1.00 1 .2 5

.lb . 1 .7 0 1 .7 0 1 .8 5

.lb . .7 5 .7 5 .80

.lb . .6 0 .6 0 .6 0

.lb . 2 .3 0 2 .3 0 2 .3 0

.lb . .6 2 .6 2 .60

.lb . 1 .1 0 1 .1 0 1 .1 5

.lb . .2 5 .2 5 .20

.lb . .2 0 .2 0 .19

.lb . 1 .3 0 1 .3 0 1 .3 0

.lb . 1 .1 5 1 .1 5 1 .«15

.lb . .1 6 % .16% .17

.lb . .24 .24 .2 5
.lb . 1 .3 0 1 .3 0 1 .3 0
.lb . .7 5 .7 5 .6 5
.lb . 1 .5 0 1 .5 0 1 .4 0
.lb , .8 2 .8 2 .84
.lb . .7 0 .7 0 .7 0
.lb . 3 .8 0 3 .8 0 3 .7 5
.lb . 4 .6 0 4 .6 0 4 .5 0

.17 .17 .17

.6 0 .6 0  ' .6 0
.lb . .4 1 .41 .41
.lb . .1 9 .1 9 .1 9
.lb . .1 9 .1 9 .2 0
.lb . .4 8 .48 .5 0
.lb . .5 5 .5 5 .6 0

1 .2 5 1 .4 0 1 .0 5
.lb . .1 0 .1 0 .1 0
.lb . 1.00 1.00 1.00

.2 2 .2 2 .26
,1b .35- .3 5 .29
.lb . .7 5 .7 5 .95

.7 8 .7 8 .8 0

.74 .7 4 .74
.lb . .1 0 .1 0 .1 0
.lb . 1.00 1.00 .7 2
.lb . .1 0 .1 0 .10

.6 0 .6 0 .65

.9 8 .9 8 1.00
.lb . 1 .4 5 1 .4 5 1 .5 0
.lb . .3 0 .3 0 .3 5

.5 5 .5 5 .5 5
1 .4 0 1 .4 0 1 .5 0
2 .0 0 2 .0 0 2 .0 0

.lb . .6 0 .6 0 .6 0

.lb . .6 2 .6 2 .6 2
.3 5 .2 8 .3 5

.lb . .9 5 .9 5 .9 5

.lb . .31 .31 .3 0
.1 8 .1 8 .1 5
.90 .90 1.00
.9 0 .9 0 .9 5
.5 0 .5 0 .4 2

Courtesy o f Drug Chemical Markets
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Many who think about cracking 
think only o f gas oil, and then 
only with low carbon content

Use the cheapest product in your 
refinery or buy the other fellow’s; 
run it through the Dubbs Crack­
ing Process, and laugh at the 
refiner who pays a premium for 
high gravity crude to get his gas­
oline, while you are getting 40 
per cent or more from topped 
oil, fuel oil or low grade crude, 
in each throughput

Universal  Oil  Products  C o m p a n y  
O w ners  o f  the D u b b s  Process 

208 S outh  L a S a l l e  Street C h ic a g o
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T H E  D E N V E R  F I R E  C L A Y  C O M P A N Y
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tor  th e  s to r in g  o f sam p les.

The new DFC Catalog No. 10 is now ready for distribution to 
those laboratories and industries, which by their nature or location, 
we can serve to advantage.

Our whole line of DFC Refractories, Metallurgical Clay Goods 
and Furnaces are covered in detail. Besides the general line of 
laboratory equipment, whole sections have been devoted to de­
scribing apparatus peculiar to the testing and analysis of Asphalt, 
Cement, Coal, Flour, and Grain, Iron and Steel, Oil, Road Ma- 
terials, Water, etc.

The DFC Catalog No. 10 has been compiled with the' idea of 
rendering the maximum service to the user both as to arrange­
ment and contents. Valuable reference tables and useful in­
formation for the chemist and engineer are included.

When you send in your request kindly give us your name in 
full, the company or institution with which you are connected 
and the position you hold.

A ddress y o u r r e q u e s t  to  o u r  C a ta lo g  D ep t., D enver, C olorado

reen  g la s s ,   ..........30
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Facts Every Chemist Should Know
Ozone is a chemical reagent capable of application in many industrial processes with surprising 
results.
It is being used today in the bleaching of oils, fats, waxes and textiles; in drying painted and 
varnished goods; in the oxidation of organic compounds; and for water purification.
Ozone can be generated in your plant or laboratory efficiently, economically and conveniently. 
Our generators are the result of years of engineering research.
Their efficiency is approximately 50 grams of ozone per kilowatt hour. They can be supplied to 
furnish any required quantity.
We maintain a Research Laboratory to develop the applications of ozone and also have excellent 
semi-plant scale laboratories at our plant. We are, therefore, well equipped to develop special 
processes.

W rite for Technical Publication No. 14 “The  
Truth About Ozone” based on our investigations 
at the Mellon Institution.

COMPANY

Eastman Organic Chemicals
MADE IN U. S. A.

T h re e  Points

Send for List No. 10 to-day

Eastman Kodak Company
Research Laboratory Rochester, N . Y .

Five Years’ Progress

1. Quality specified for most of our chem­
icals. Example: a-Naphthyl Methyl 
E ther BP 135-137°/12mm.

2. America’s largest and most complete 
stock. New chemicals are added almost 
daily to stock.

3. Universally used in industrial and uni­
versity laboratories throughout the 
country.
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“  Very Advantageous

z?**'- ■ :

Spencer 'latí Campan?
OPTłCAl. CXASS itA ir r

HAMBURG. K* Y*

A t the optical plant of the Spencer Lens Co., they have been 
using Chromel couples for six years, on their annealing fur- ■ ?■
naces. T hey say they are “very much pleased,” and that the Manager
couples are "very satisfactory."

T hey make all the couples them selves and say it is “very ad­
vantageous” to do so. For example, som e of the couples are 
ten feet long. W hen one of these is worn out at the tip, they  
can cut off the oxidized portion, tw ist the two clean ends to­
gether, weld them —and they have a couple as good as new, 
of shorter length.

Similarly, they can turn the couples around, change them  “ end 
for end,” and use them again for a long time. It is natural 
that in conclusion they say, “W e are very much pleased with  
the results we have had with this equipm ent.”

G e t  a l l  t h e  d e ta i l s  in  C a ta lo g  3 2 - S t .

H o s k i n s  M a n u f a c t u r i n g  C o m p a n y , D e t r o i t

BO STO N N E W  Y O R K  C L E V E L A N D  CHICAGO SA N  FR A N C ISC O

ELECTRIC
ALLOYS 

PYROMETERS


