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EDITORIALS
An Acknowledgment

We have worked in the face of w hat seemed insur
mountable obstacles to place th is issue in the hands of 
our readers prom ptly on schedule. I ts  typographical 
shortcom ings are not due to negligence on the p a rt of 
our staff, fo r they have worked untiringly, nor through 
any fau lt of our prin ter, who waived his contract term s 
to perm it the editorial sections to be printed elsewhere. 
Labor conditions unexpectedly intervened, and it  was 
necessary to move the half-finished work bodily from 
one shop to another in the dead of night. Obviously it 
was impossible to match accurately the usual type styles, 
and conform ity of detail in the third shop not to be 
expected. S tandards have been sacrificed fo r promptness. 
We are heartily  grateful to the efficient m anager and 
capable typesetters who “delivered the goods”.

Welcome to our Visitors
A hearty  welcome to our British and Canadian guests!
I t  is easy for those of us who th ink alike, speak alike 

and feel alike to get together fo r common good. The 
editorial suggestion of a year ago th a t the chemists of 
G reat Britain, Canada and the United S tates m eet to 
gether fo r common counsel m et w ith sym pathetic re
sponse. Correspondence and personal conferences soon 
made the m atte r an accomplished fact. N ever was there 
better illustration of the value of personal acquaintance, 
and the next two weeks will afford opportunity for a 
wide extension of this personal contact.

The broad basis of sym pathetic understanding in each 
of these joint meetings now in progress lies not so much 
in a  common language as in  the fac t th a t in each of our 
lands the chemist, before the war, occupied a lowly plane 
in our body politic. His existence was known but little 
heeded. He was considered a  man apart, no glam or a t 
tached to his accomplishments, his opinions were given 
but scant atten tion  by men in power. In each country 
the Teuton, through cleverly fostered propaganda, was 
held in popular esteem as the Superman in chemistry.

But the tasks of w ar were worthily performed. Side 
by side we worked on those pressing problems upon 
the successful outcome of which g rea t issues hung. In 
the light of our accomplishments national g ratitude was 
a  riot unreasonable expectation. Such a feeling would 
logically express itself in the form of prom pt protective 
legislation which would safeguard the fu ture . However, 
in England it was only a fte r  a  g reat tide of imports had 
rushed in through the breach made in the dyke of w ar 
blockade by the Sankey decision th a t the gap was closed 
by the Licensing Act of December 1920. The British dye 
industry is still suffering from  th a t devastating flood. 
Not before A ugust 12, 1921, alm ost three years a f te r  the 
Armistice, was the Government’s Safeguarding of Indus
tries bill, protecting the key industries developed during 
the w ar, passed. How like the w ar psychology! Grave 
disaster was the stimulus necessary fo r effective m eas
ures of defense. B ut once aroused the British answer to 
the call has always been complete.

W ith us in America the  story  has been a little  dif
ferent, but the spirit of dallying ju st as evident. We have 
made use of the sand bags of the W ar Trade Board to 
avoid a  break in our dyke against a flood of dyes, though 
often th is tem porary expedient has seemed on the point

of exhaustion, but in other key industries we still await 
the enactm ent of perm anent tariff legislation to check 
the uneven competition of longer experience and depre
ciated currencies. Again how like w ar psychology—slow 
in being aroused to our responsibilities.

T hat which gives h ea rt and hope to all of us in each 
of our lands is th a t public understanding, though grad
ually, is surely arising, and we believe it a historical fact 
th a t when once the Anglo-Saxon race sees a th ing clearly 
it  sees it through.

Fortunate ly  the v isit is not to be a  hurried one, for 
besides the opportunities of close association afforded by 
the week of the General Meeting w ith its formal program 
there will follow Exposition Week with its  numerous oc
casions for inform al gatherings.

While it is hoped th a t the social functions arranged 
will afford an atm osphere of good fellowship and hap
piness, nevertheless the period ju st before us is preg
nant with possibilities of g rea t good, not so much to our
selves as to the lands we love. I t  is a time for great 
things. The occasion is here. U nfe tte r the imagination. 
Let us plan fo r the fu tu re on broadest lines and unitedly 
set about to accomplish the ir fulfillment.

The Fight in the Senate
We call it a  fight for th a t is the only fitting term to 

describe the hearings on the dye em bargo held before the 
Senate Committee on Finance during the dog days of 
A ugust 1921. The defeat of the m easure in the House by 
such a  heterogeneous vote, secured under a cloud of fake 
issues, “monopoly,” “ trusts ,” “corruption,” etc., made cer
tain  the reopening of the question in the Senate.

While w aiting fo r the battle to begin the opposition 
celebrated its victory in the House by a luncheon given 
in New York City on Ju ly  25, 1921, by the American Pro
tective Tariff League in honor of Congressman Frear, the 
aggressive leader fo r the German interests. Among the 
other guests was Mr. Metz, assumedly representing the 
im porters and the Democrats.

W ith the social festivities ended the hearings began, 
w ith the chemical interests, aided strongly by the War 
and Navy D epartm ents, on the offensive to regain the 
ground lost in the House, while the im porters and the 
small group of textile in terests took up the defensive, 
Senator Moses occupying a strateg ic position behind the 
lines.

Again was covered the same ground so thoroughly 
thrashed out during December 1919. The outstanding fea
tu res of the new hearings were the aggressive leadership 
of General Fries, the Chief of the Chemical W arfare Ser
vice, the le tters to  Senator Penrose by Secretaries Weeks 
and Denby (reproduced below), the adm irable brief filed 

•by Mi-. Choate, the presentation of the sm aller manufac
tu re rs’ case by Mr. Iserm ann, the outspoken opposition to 
the em bargo plan by the Amoskeag Mills (Senator Moses’ 
chief constituent), constant questioning by Senator Smoot, 
and the presence of form er Senator Thomas of Colorado 
a t the hearings.

But the cleverest move in the proceedings was by 
Chairman Penrose. The Democrats had been called in to 
the hearings on the American valuation and dye embargo 
features of the bill. Known to be in opposition, their votes 
would be helpful in killing both, but Republican senti
ment for American valuation developed so strongly that
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a quandary presented itself. This was easily solved by 
the Chairman inviting the Democrats out when voting 
time came. Then the Republican members of the Ways 
and Means Committee were called in to a joint confer
ence, and American valuation was adopted.

Meanwhile the Senate Committee received from the 
House the new Longworth m easure extending fo r three 
months from  A ugust 27 the ad interim  control of imports 
of dyes through license by the W ar Trade Board. The 
Senate Finance Committee voted favorably upon th is bill. 
As soon as announcement was made of the action of the 
Committee, eight senators, i t  is reported, notified Chair- 
m anPenrose th a t they would filibuster against the bill. This 
did not disturb the wily Chairman a t all. His nimble wit 
readily h it upon a device. The bill was broadened to in
clude all sections of the Emergency Tariff Bill and to ex
tend the time to January  1, 1922, unless repealed by tariff 
legislation in the meantime. To filibuster against the 
dye control in this modified bill would mean obstructive 
tactics against features in which some of the filibustered  
are decidedly interested. In th is form  the bill was re 
ported and it is believed will pass the Senate.

The joint conference of the two committees fo r per
manent tariff legislation fo r dyes resulted in the appoint
ment of a joint sub-committee consisting of Senators 
Smoot and Dillingham and Representatives Longworth 
and Frear, which was instructed to endeavor to devise 
some form of compromise legislation which would pro
tect the industry and a t  the same time bring a united and 
successful vote in the Senate. The committee has not yet 
reported, though the composition of the committee in
dicates th a t if Mr. Longworth can succeed in saving the 
embargo for which he has so consistently fought, his ef
forts should entitle him to be considered the legislative 
genius of the age.

Effective Help -
Two highly in teresting  and significant le tters have had 

a powerful influence in directing public attention to the 
most im portant issue a t stake and in changing the tide 
of congressional sentim ent toward legislation effectively 
protecting the American coal-tar chemical industry.
Chairman, U . S .  Sena te  F inance C om m ittee, J UL'  26, 1921.

Senate  O ffic e  B u ild ing ,
W ash ing ton , D . C,

My D e a r  S e n a t o r  P e n r o s e :
M y attention has been d raw n  to the fact that the F o rd n ey  T ariff 

B ill as passed by  the H o u se  o f  R epresentatives w ill not protect the 
A m erican  o rganic  chem ical industry  from  destruction by  G erm an 
competition.

O n e  o f  the most s tartling  discoveries o f the W o rld  W a r  w as the 
fact that the U n ited  S ta tes could m obilize, tra in  and  equip with 
clothing three o r fou r m illion m en fa r  quicker than it could  supply 
the cannon, the rifles and  the am m unition for them. N otw ithstanding  
that from  1914 to 1917 our great steel industries and  our rap id ly  
developing chem ical industries had  been w orking feverishly to increase 
their facilities to supply  am m unition and  £uns to the A llies , it was 
more than a  y e a r  a fte r w e entered  the w ar b efo re  those industries 
were able to supply  am m unition, w a r gases, guns and  rifles to meet 
A m erican  needs. E ven  then our chem ical industries w ere so un
developed in 1917 that it w as necessary fo r the G overnm ent to build  
tremendous h igh explosive p lants as at N itro . W es t V irg in ia , and  
practically  all poisonous gas p lants fo r supplying gases and  smoke 
m aterials to the U n ited  S tates A rm y .

P r io r  to the ou tb reak  o f  the w a r in  E u ro p e  in 1914, the A m erican  
organic chem ical industry  w as very  sm all. T h is  w as particu larly  
true o f  the dye  industry . A t that time, the value o f  coal ta r  dyes, 
drugs, etc. p roduced  in  G erm an y  w'as m ore than  tw ice that produced 
by all the rest o f the w orld , and  m ore than tw enty-one times that o f 
the U n ited  S tates. T h e  dy e  industry is the backbone o f the organic 
chemical industry  on w hich all G overnm ents a re  dependent fo r their 
high explosives, their w a r gases, their m edicines and  m any other 
materials.

So  fully  d id  G erm any  realize  before , during  and  a fte r the W o rld  
W a r  that predom inance in the o rganic  chem ical industry  and  p a r
ticularly  the dye industry  m eant the most va luab le  m easure o f p re 
paredness possible, that she has united  all her organic  chem ical 
industries into one great trust, the In teressen-G em einschaft.

N ot only  is the G erm an  w orkm an p a id  m uch less than  the A m er
ican workm an, but the depreciated  m ark  m akes the d ifference still 
m ore pronounced. It, therefo re , seems certa in  that the G erm an  dye 
trust can p roduce dyes and  sim ilar m ateria ls so m uch cheaper than 
the A m ericans can p roduce them that no o rd in a ry  tariff can  keep 
the G erm an  dye  trust from  destroying the A m erican  dye industry  and 
thereby crippling the w hole organic  chem ical industry.

T h e  use o f  high explosives and  w a r gases w ill unquestionably be 
fa r  greater in any  future struggle than in the W o rld  W a r . Inasm uch 
as the coal ta r industry , w hich is the base o f a ll dyes, is also the 
base o f  all high explosives and  most o f  our w a r gases, it is o f  the 
most vital im portance to p reparedness that the dy e  industry  be de 
veloped to the fullest possible extent in this country . It is fe lt that 
this danger is so great that I urge the enactm ent o f the em bargo 
feature o f the Fo rdney  T a riff  B ill as subm itted by  the W ay s  and 
M eans Com m ittee o f  the H ouse  as the on ly  w ay  to prevent crushing 
our chem ical m arket by  G erm an  com petition.

F o r the above reasons, E n g lan d , F ran ce , Ita ly  and  J a p a n  have 
a lready  enacted embargoes on  the im portation  o f  dyes, medicinal* 
and o ther organic chem icals w hich  w ill rem ain in effect fo r varying 
periods up  to ten years in the case o f E n g lan d .

V e ry  tru ly  yours,
( S igned )  J o h n  W .  W e e k s  

Secre tary  o f  W a r

M y  D e a r  S e n a t o r  P e n r o s e :  J u l y  27 , 1921
U nderstand ing  that the recom m endation o f the W a y s  an d  M eans 

Committee o f  the H ouse placing  a  lim ited em bargo on the im portation 
o f  coal-ta r products ( H .  R . 7456 G eneral T a riff  R evision P a g e  6 ) 
was rejected by  the H ouse, I am earnestly  requesting that your C om 
mittee give special attention to this feature .

T h e  Longw orth bill ( H .  R . 8078  66 th  C ongress) included a 
selective em bargo regulating the im portation  o f  organic chem icals 
particu larly  those useful in the p rep a ra tio n  o f explosives and  toxic 
gases used in chem ical w arfa re .

T h e  F ordney  bill as reported  from  the C om m ittee included a 
modified clause to the same effect. It is o f great value to the N avy  
to encourage the developm ent o f chem ical activities in the m anufacture 
o f all products connected w ith the above m entioned articles, especially 
those m anufacturers whose establishm ents can  easily  be d iverted to 
ihe m anufacture o f w ar m aterials w hen needed. T h e  restoration of 
the em bargo clause w ill be o f  m aterial help  an d  I w ill greatly  ap
preciate your assistance to this effect.

S incerely  yours,
(S ig n e d )  E d w in  D e n b y  

Secre tary  o f  the N a .-y

The Passing of Secrecy
A notable example of true  progressive sp irit was fu r

nished a t the convention of the Biscuit and Cracker 
Manufacturers Association held in A tlantic City last June. 
From the accounts of th is m eeting the Technical Bureau, 
provided by this organization for the benefit of its mem
bers, had evidently been having some ra ther rough 
sledding in prevailing upon the several members to make 
full use of its possibilities of service. Evidently also the 
Bureau had been doing some effective work, w ith the aid 
of the officials of the Association, in developing a broad
minded spirit of progress among the members, for a t the 
convention a m ajority agreed to furnish to the Technical 
Bureau their formulas to  be passed on to such members 
of the Association as requested them. Furtherm ore it 
was decided to employ a field man to v isit the different 
factories and give to the members the fu llest information 
on the best methods and la test discoveries in the baking 
business.

Brought together on this fundam ental basis of true 
progressiveness it was an easy m a tte r to swing an initial 
appropriation of $300,000 for a national advertising cam
paign to increase the consumption of the products of the 
industry, to be continued fo r several years with expand
ing appropriations. Then they listened to  addresses of
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value to all by em inent food chemists and received new 
points of view for betterm ent of work each in his own 
factory.

Can anyone doubt th a t the net outcome of such a gath 
ering is increased prosperity to a ll?  And the price of it 
was the disclosure to  the Technical Bureau of the once 
prized secret form ulas, the guarding of which had proved 
a brake upon the entire industry.

Is there not food fo r thought in all of this fo r the 
chemical industries? Secrecy has been a  p a rt of our in
heritance handed down from  the age of alchemy, but the 
days of ultra-secrecy are passing. Not necessarily 
through a Technical Bureau, nor th a t fo rtunate medium 
which the canners found in their Research Laboratory 
in W ashington, but certainly through some agency which 
will be found best adapted to the needs of the ir chem
ical staffs, a way will be found out of the fog of secrecy 
which now prevents full steam  ahead. He who finds 
th a t way will be the true  leader and benefactor of the 
American chemical industry.

The President Takes A Hand
The legal power of the W ar Trade Board to control by 

license im portations of synthetic organic chemicals was 
to expire on A ugust 27; unm istakable activity  was no
ticeable in im porting circles p reparatory  to the g rea t day; 
Mr. Longworth, always, on the watch, had introduced a 
resolution extending the period of this control five 
m onths; this had been reported favorably from  the Ways 
and Means Committee, but amended to read three instead 
of five months.

On A ugust 11 the resolution came up fo r debate be
fore th a t same House which only recently had defeated 
the embargo provision of the tariff bill, but suddenly the 
atmosphere cleared and the m easure was quickly passed, 
for Mr. Longworth read to the House the following le t
te r from President H arding:

The W hite House
W ashington, A ugust 10, 1921

Hon. Nicholas Longworth,
House of Representatives, W ashington, D. C.

My D ear Congressman Longworth: I have your note 
calling my attention to the fact th a t the bill extending 
the provisions of the emergency tariff ac t relating  to the 
protection of the American dye and chemical industry is 
to be before the House on the morrow. I  am aware th a t 
the Secretary of the T reasury has already called the a t
tention of your committee to the extrem e desirability of 
extending this protective provision.

Surely we would be both unmindful and unjust if  we 
failed in a suitable protection of this industry until the 
new and complete tariff revision act is made effective.

Very sincerely,
(S ig n e d )  W a r r e n  G .  H a r d in c

Never was a  more complete summing up given than in 
the three words: “unmindful and un just.” They tell the 
history of yesterday, the duty of to-day and the danger 
o f to-morrow. The P resident has plainly saved the day 
for the Emergency legislation. A still g rea ter debt of 
gratitude will be owed to him if in the ligh t of the strong 
letters of the Secretary of W ar and the Secretary of the 
Navy he throws his g rea t influence to the preservation of 
the embargo feature in the perm anent legislation, thereby 
assuring beyond a question the fu tu re  of the industry.

Mr. H arding is looking fa r  into the fu tu re and seeking 
higher ground than either trade or war. On the same

day his le tte r  to Mr. Longworth was made public there 
was published the tex t of the form al invitation to the 
nations to join in a disarm am ent conference. Evidently 
both the President and Secretary Hughes have been giv
ing due thought to the question of chemical disarm a
ment, fo r in the invitation it is sta ted : “I t  m ay also be 
found advisable to form ulate proposals by which in the 
in terest of hum anity the use of new agencies of w arfare 
may be suitably controlled,” a cautious sentence conveying 
a conviction of the realities, the difficulties and the neces
sities of this momentous question. I t  may be th a t the 
President is “thinking it through.”

The Meeting and the Exposition
The period, September 6 to 17, 1921, should prove his

toric for chemistry. Beginning w ith the Council Meeting 
on the sixth the Annual M eeting of the American Chem
ical Society will be held in New York City. British and 
Canadian chemists will join in the sessions. The advance 
activities of the officers of the Divisions and Sections 
give pi'omise of scientific program s of unusual value, 
while fo r the general meetings w ith speakers of national 
and international distinction have been announced.

W ith a brief intermission fo r excursions there follows 
the Seventh N ational Exposition of Chemical Industries, 
whose doors will be open from  September 12 to 17. The 
conversion of the Grand Central Palace into an office 
building made necessary the removal of the Exposition to 
other quarters. Fortunately, there was found in the A r
mory of the E ighth Coast A rtillery  an ideal building. Its  
floor space is so enormous as to adm it of installation of 
an even g rea ter number of exhibits than  in previous ex
positions, all on one floor. Perhaps this m ay prove sym 
bolical of g rea ter unification in the industry.

The past year has been a try ing  one. Chemistry was 
no exception to  the rule in the depression which charac
terized all lines of industrial effort. But we have carried 
an additional load of uncertainty as regards the out
come of legislation. The sky is not yet clear, but the 
clouds are breaking and a t any tim e the sun of prosper
ity and certain  fu ture may break through. I f  so it will 
make this g rea t gathering  one long to be remembered. 
Frankly, we are optimistic.

Experimental Evidence
I t  was in Philadelphia, th a t city of due decorum, on 

Ju ly  19, 1921, some four years a f te r  the use of te a r  gas 
fo r dispersing men engaged in fiercest w arfare, th a t 
there assembled, despite the prevalent crime wave, some 
two hundred members of the Police Force, w ith no sense 
of the humor of the situation, to determ ine definitely 
whether, as an organized group, they could, w ithout gas 
masks, charge a given point through an atm osphere of 
one of the most powerful lachrym al gases known. The 
impossibility of such an accomplishment could readily 
have been a ttested  to by the m erest yardboy a t Edge- 
wood Arsenal.

Such conservatism and such slowness to utilize modern 
weapons suggests the a ttitude of those thoroughly set 
and com fortable officers of our Navy who still see no 
dem onstration of anything worth while fo r the ir consider
ation from  the recent sinking of a destroyer, a cruiser 
and a battleship off Hampton Roads by high explosives 
dropped from airplane squadrons.

Experim ental evidence sometimes leads to false con
clusions. The doughboys could have given advice based 
upon actual experience.
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OUR FOREIGN TRADE IN CHEMICALS
By O. P. Hopkins 1824 Belmont Road, Washington, D . C.

The world-wide depression that overtook business dur
ing the fiscal year 1920-21 did not spare our foreign trade 
in chemicals and allied products. H ere and there is to 
be found a commodity that apparently  has not suffered 
seriously, but statistics fo r the year are likely to be mis
leading in such cases.

There are economists who say “ I  told you so ” when 
the great slump is mentioned, but they certainly were not 
vociferous before thè event. Looking backwards, i t  is evi
dent that one of the chief causes of the severity o f the 
depression was the old lack of scientific direction of pro
duction. W hile orders pour in, production is speeded up 
in every direction with no tally kept of total production 
or thought given to its relation to the possible consump
tion. A fter a brief boom period of high prices comes a 
buyers’ ■ strike, or at any rate  overproduction— then the 
depression.

On paper the foreign trade in chemicals was not hit so 
hard during the fiscal year ju st closed as were some other 
classes of commodities. A rough estimate indicates a 
total export of all chemicals and allied products of about 
a billion dollars in 1921, against something like a billion 
and a quarter in 1920. The decrease in imports was rela
tively about the same. Exports of chemicals proper, how
ever, decreased 30 per cent, drugs, medicines, etc., about 
25 per cent, and dyes nearly  27, per cent, in value, in value. 
Any but the m ost pessim istic will be encouraged by the 
fact th a t the 1921 values are still g rea tly  in excess of 
those for 1914. The slump is m erely from  the boom year:

S u m m a r y  o k  F o r e i g n  T r a d e  i n  C h e m i c a l s  a n d  A l l i e d  P r o d u c t s  
( In  M illions of D ollars)

C l a s s e s 1914
—I m p o r t s - 

1920 1921 1914
- E x p o r t h -

1920 1921
C h e m ic a ls .......................... . 72 96 101 15 92 64
D rugs, m edicines, e t c . . . . 9 22 22 11 41 31
D yes, dyew oods............... 10 6 8 (’> 26 19
E x p lo siv es .......................... 1 2 1 6 28 46
F e rtiliz e rs ............................ . 28 39 29 12 33 25
G um s, resins, e t c ............. . 88 330 153 20 37 22
O ils, fa ts , w ax es ............... , 75 319 201 194 607 613
P a in ts , p igm en ts , e t c . . . 2 2 3 7 27 21
T a n n in g  m a te r ia ls ........... 5 12 9 1 6 2
P ap er a n d  p u lp ................ . 30 106 159 6 33 27
M iscellaneous products*. . 120 701 689 44 324 181
M iscellaneous m a te ria ls . . 8 9 11 2 4 4

T o t a l .................... . 448 1644 13S6 318 1258 1055
* T ho  im p o rtan ce  of th is  class is duo to  th e  inc lusion  of su g ar. T h e  artic le  £ 

m ak ing  u p  th is  class a re  show n  in  th e  d e ta iled  tab lo  of m iscellaneous p ro d u c ts .

In  the more detailed tables that follow, quantities have 
been given wherever possible, as values have since 1914 
been comparatively worthless fo r  purposes of com pari
son. All compilations are based upon statistics of the 
Department of Commerce, W ashington, D. C.

T h e  T r a d e  j x  C h e m i c a l s '

W ith a few exceptions the trade in chemicals slumped 
in 1921 as compared w ith 1920. Even where there is ap 
parently only a slight falling off it should be borne in 
mind that the market may have been affected too late in 
the' year to make an impression on the year’s total.

The exports o f acids fell off in 1921, but as a  whole 
were above those of 1914. Sulfuric acid shipments have

* T h e  te rm  ''ch em ica ls"  is he re  used  in  th e  u sual res tr ic ted  sense, as  n o t 
in c lu d in g  drugn, m ed ic ines, an d  dyes.

»5400,000.

fallen from  68,000,000 pounds in 1918 to 32,000,000 in
1920, to 18,000,000 in 1921, but are still 6,000,000 above 
1914. Im ports o f acids are also declining but are still 
above the figures fo r 1914.

The exports of caustic soda were cut in half during
1921, and shipments of sodium silicate decreased about 
one-third. There was only a  slight decrease in foreign 
sales of sal soda, and the exports o f soda ash actually 
increased in value, although the quantity shipped was 
slightly below tha t of 1920. The falling off in the value 
of “ all other ” soda exports was about one-tliird. Im
ports of sodium n itrate decreased from  907,000 to 844,000 
tons; the 1914 imports totaled 564,000 tons.

The exports of potassium chlorate and other non-ferti
lizer potash salts were cut in half in 1921. Im ports of 
potassium carbonate fell off from  22,000,000 to 14,000,- 
000 pounds, as compared with 20,000,000 pounds in 1914. 
The im ports of potassium n itrate went up from  27,000,- 
000 pounds in 1920 to 31,000,000 in 1921. In 1914 the 
total importation was only 3,500,000 pounds.

An increase occurred in the exports of chloride of lime 
from  31,000,000 to 37,000,000 pounds. Im ports also 
showed an increase— from less than 1,000,000 to more 
than 4,000,000 pounds, but the total imports in 1914 
amounted to 47,000,000 pounds.

The growth in the im ports o f cyanides is shown by the 
fact that about 15,000,000 pounds of potassium cyanide 
was purchased in 1921, more than three times the figure 
fo r 1920 and fifteen times the im ports in 1914. Sodium 
cyanide was not shown in the statistics fo r 1914, but the 
imports in 1921 were only slightly under those in 1920 
and worth over a million dollars.

Of the coal-tar crudes, benzene was exported to the 
extent of 67,000,000 pounds in 1921, a  big increase over 
the 17.000,000 recorded fo r  1920. The value of other 
crudes exported increased slightly. Im ports o f creosote 
oil rose from 8,000,000 gallons in 1920 to 28,000,000 in 
1921. The 1914 imports totaled nearly 61,000,000 gallons.

The expansion in the domestic production of sulfur dur
ing the war is reflected in the disappearance of imports 
since. Exports, on the other hand, fell off only slightly 
in 1921 as compared with 1920, but the industry suffered 
during the second half o f the year.

T r a d e  i n  C h e m ic a l s , D r u g s ,  D y e s , E t c .
A r t i c l e s

Im port 8
A cids (excep t c o a l-ta r  ac id s):

O xalic, lb s ........................................
A ll o th e r , v a lu e ..............................

A lbum in , egg, lb s  : ..............
A m m onia, m u ria te , lb s ....................
A rgols, lb s .............................................
A rsenic o r o rp im en t, lb s .................
B alsam s, n o t co n ta in in g  alcohol,

lb s ........................................................
C alc ium , a c e ta te , c ru d e  chloride,

ca rb ide  a n d  n itra te , lb s ..............
C hem ica l a n d  m e d ic in a l. com 

pou n d s, n . e. s.:
A lkalies, a lkalo ids, p re p a ra 

tio n s, m ix tu res, e tc ., lb s .........
M ed ic in a l p re p a ra tio n s  (see 

also  co a l-ta r  p ro d u c ts) , v a lue
A ll o th e r ............................................
C inchona bark , a n d  a lk a lo id s  or 

sal-« of:
B arks , c inchona , o r o th e r  from  

which q u in in e  m a y  be ex
tra c te d , lb s ...................................

Q u in ine , su lfa te  of, a n d  a ll a l
kalo ids o r  s a lts  of cinchona 
b ark , o z ........................................

1914 1920

8,507,850 1,401,547
$1,133,252 $4,004,018

(’) 8,956,845
9,176,729 5,344,028

29,793,911 23,638,337
4,432,793 6,470,700

(,) 745,151

<•) 76,845,476

<«) 6,907,035

S I,031,054 $562,586
<*) $1,388,577

3.648.868 5,242,724

2.879.466 4,580.807

1021

2,058,907
$2,587.571

7,889.411
4.417,162

26,485.760
8,801.293

452,167

111.261,888

11,206,926

$1,030.551
$1,316.937

3,567,010

3,630,063
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T r$ d e  in  C hem ica ls , D ru g s , D yes, E tc .,  ( C oncluded )

C o a l-ta r 'p ro d u c ts :]
C rudes

A cid, carbolic, Ib a . ................  8,392,995 157,319 183,709
Benzol, lb s ...........................................  (*) 170,519 1,717,936
C ro s o l.lb a ............................................  («) 8,188.303 6,476,140
C recso te oil. g a l .............................  60,900,435 8,338,761 27,779,736
N ap h th a len e , lb«...............................  («) 6,113,858 13,925,850

I  T a r  and  t  itch , b b ls ...........................  («) 20,607 15,965
T oluol, lb s ............................................ (•) 1,195,706 _
All o th e r crudes, v a lu e   («) $65,818 $159,421

In te rm ed ia tes

C arbolic  (phenol), l b s .  .................  (*) 30 1,260
All o ther, lb s .......................................  («) 11,512 549
A niline oil, lb s ....................................  (») («) 220
A niline sa lts, lb s .............................  3,184,467 . . . .  4
AH o th e r in te rm e d ia te s   («) $217,653 $885,911

F inished p roducts
A lizarin nnd  dyes, lb s   2,633,414 257,841 352,173
C olors o r dyes, n . e. s  , v a lue  $7,241,406 $3,775,216 $5,081,970
Indigo, sy n th e tic , lb s ..............  8.125,211» 1,014,100 276,849
M edic inal p re p a ra tio n s   (*) $112,611 $236,656
O th er finished c ro d u c ts   (•) $79,216 $82,232
AUother co a l-ta r p ro d u c ts ,
v a lu e ...................................................  $1,630,750

E x tra c ts  an d  dccoctions for dye
ing, lb s .......................................................  («) 1,581,534 708,640

E x tra c ts  for ta n n in g :
Q uebracho, lb s  * ........................ 93,329,087 15-1,944,717 110,194,308
All o th e r, lb s ...................................  8,710,040 7,380,920 9,712,978

F use l oil and  b u ty l alcohol, l b s . . . 5,802,369 6,196,179 1,083,336
G lycerol, crude, lb s ...........................  36,409,619 15,656,463 11,118,149
Ind igo , n a tu ra l, lb s .................................... (*) 126,539 147,835
Iod ine , lb s ............................................. 195,087 523,313 595,058
L ac ta ren c , lb s .....................................  10,798,614 24,039,313 14.179,764
Licorice roo t, lb s ................................  115,636,131 48,045,373 59,693,462
Lim e, chloride of, lb s .......................  47,423,651 830,207 i ,696,773

C itra te  of, lb s .................................  3,097,265 10,431,314 5,071,504
M agnesite , n o t purified, to n s . . . .  289,494,316 27,503 50,352
O pium , con ta in ing  9 p e r  ce n t o r

m ore m orphine, lb s ....................... 455,200 628,S96 77,444
P erfum eries, cosm etics, e tc ., va lue  $2,309,027 $5,545,606 $7,078,985
P o ta sh  (no t fo r fertilizer):

C arb o n a te , lb s ................................  20,603,593 22,147,554 14,774,581
C yan ide , lb s ....................................  808,721 5,175,608 13,353,268
H y d ra te , no t. o v e r 15 p e r ce n t

caustic  soda, lb s .........................  8.450,402 782,477 4,934,697
N itra te , lb s ...................................... 3,516.580 26.862,012 30,868,786
A ll o ther, lb s ................................... 5.775,588 2,198,178 4.512,402

Soda: 1914 1920 1921
C y a n id e .lb s .............................................. (>) 8,629,502 7,742,063
N itra te , to n s ...................................  564,049 907,041 843,756
A ll o th e r sa lts  of, v a lu e ..............  $487,038 $1,642,589 S I ,343,641

Sulfur, to n s ............................    19.3S9 4 / 2
S um ac, lb a ............................................  10,770,340 21,180.414 2,7^.7,006
All o th e r chem ioals, d rugs, dyes.

e tc ., v a lu e ........................................  $13,676,032 $19,076,123 $16,955,157
E x p o r ts

Acids:
C arbolic , lb s ............................................  (•) 2,223,205 059,890
N itric , lb s .................................................  (*) 820.517 267,119
P icric, lb s ..................................................  (*) 8,073 3,730
Sulfuric , lb s .....................................  12.131,750 32,336,893 * 18,600,704
A ll o ther, v a lu e ..............................  $357,035 *>,291,987 $3,029,332

Alcohol, wood, g a t ...................................  1,598, *76 687,008 467,763
C alcium  carb ide, lb s ......................... 32,845,649 21,164,40*1 20,117,753
C oal ta r , b b ls ......................................  22,150 81,640 128,103
C oal-tar d istilla tes, n. e . s .: ______

Benzol, lb s ................................................ (*) 17,282,368 66,622,862
All o th e r, v a lu e ....................................... (’) $3,611,514 $4,101,129

C opper su lfa te , lb s ............................  7,375,775 4,511,724 4,297,378
D yes an d  dyestu ffs: _  _ „

A niline dyes, v a lu e ................................ ( ') $17,130,397 $13,577,788
Logwood ex trac t, v a lu e ....................... (*) $1,832,231 $1 ,4 /1 ,040
All o th e r, v a lu e ..............................  $356,919» $0,829,937 $3,571,309

E x tra c ts  for ta n n in g , v a lu e   $639,941 $6,016,438 $1,732,198
F orm aldehyde, v a lu e ................................  (*) $2,289,217 $1 ,3 /6 ,281
G lycerol, lb s ......................................  36,409,619 2,257,623 1,388,194
iT 'fa rts ’ food, v a lu e ................................... (*) $3,032,330 $1,520,259
Lim e, ac e ta te  of, lb s .........................  68,160,224 32,885,132 12,845,700

Chloride of, lb s ....................................... (*) 31,252,379 37,425,093
M edic inal an d  p harm aceu tica l

p rep ara tio n s , v a lu e ....................... $6,721,978 $20,118,271 $18,038,328
P erfum ery  an d  cosm etics, v a lu e . . $2,309,027 $7,979,237 $6,236,766
P etro leum  je lly , v a l u e . ...................  $661,889 $3,156,286 $2,072,595
Potash*

C h lo V a tc .lt» ............................................ <0 ■ 2,845,858 1,130,771
AU o th e r, v a lu e ......................................  (') $3,362,827 51,309,852

R oots, herbs, ba rk s: _______
G inseng, lb s ..................................... 224,605 220,970 157,351
All o th e r, v a lv e .............................. 5513,071 »1,793,064 $836,320

B icarbonate , lb s ..................................... (*) 11,998,510* 13,353,/69
B orax , lb s .................................................  (•) 10.943.110« 4.308,880
C austic , lb s ..............................................  «  229,684.163 101,021.827
Sal soda, lba............................................. <■) 12,7f3.399 10,376,124
Silicate, lb s  ♦...................................  (■) 33.692,535 23,099,660
Ash. lb s .....................................................  (■) 115,997,980 113,481,062
A ll o th e r sa lts  o f , v a lu e ....................... (■) $7,471,808 $5,378,899

S ulfur, to n s ..........................................  110,022 393,404 375,826
All o th e r chem icals, e tc ., v a lu e . . . $9,019,582 $12,573,500 $24,458,856

1 N o t s ta te d  sep a ra te ly .
2 S ta ted  as " In d ig o , n a tu ra l o r sy n th e tic ”  in  1914, b u t  w as p robab ly

1 arKciy syn thetic .
3 R epresen ts th e  to ta l  va lue  of all dyes an d  dyestu ffs  in 1914.
4 P eriod  from  J a n . 1 to  Ju n e  30, 1920.

D r u g s ,  M e d i c i n e s  a n d  T o i l e t  P r e p a r a t i o n s

T h e  trade in the products under t h i s  head seems to have 
held up pretty  w e l l  in 1921. Exports of medicinal and 
pharmaceutical preparations fell off somewhat in value, 
but differences in prices could easily account fo r the drop. 
The total was still three times what it  was in 1914. Re
ceipts of cinchona bark  and salts fell off perhaps a quar
ter in value, and the total is now about w hat it was before 
the war. Im ports of coal-tar medicináis doubled from 
1920 to 1921. Exports of perfum ery and cosmetics fell 
off about 20 per cent in value, although still three times 
the total fo r 1914. Im ports o f such goods, however, in
creased about 20 per cent in value and were three times 
as great as before the war. (See table “ Trade in Chem
icals, Drugs, Dyes, etc.” )

D y e s

Exports of aniline dyes decreased* in value from  $17,-
130,000 to $13,578,000 from  1920 to 1921. There was also 
a decrease from $6,830,000 to $3,571,000 in the exports 
of “ All other ” dyes and dyestuffs, which include synthetic 
dyes other than aniline. I t  is not possible to say just how 
price changes have affected these totals, but it is evident 
that competition from  Europe is making itself felt in 
our foreign markets. The only country to take a notably 
increased amount of dyes from this country in 1921 was 
China, with a total o f $4,809,000 as compared with $3,053,- 
000 in 1920. Slight increases are shown fo r Brazil, Peru, 
Dutch E ast Indies, and Australia. There was an alarm 
ing drop in shipments to Jap an  from  $6,727,000 in 1920 
to $1,341,000 in 1921, which is attributed partly  to re
newed German activity and partly  to distress in the tex
tile industries. Exports to India dropped from  $3,334,- 
000 to $1,834,000. W ith im ports it is a somewhat dif
ferent story, fo r there was an increase from  $3,775,000 
to $5,082,000 in the im portant class, “ Colors or dyes, not 
elsewhere specified,” but there is comfort in the fact that 
imports of synthetic indigo fell from 1,014,000 to 277,000 
pounds. In  1914 the imports of indigo amounted to 8,125,- 
000 pounds. (Details of the dey trade  are  shown in 
“Trade in Chemicals, Drugs, Dyes, etc.” and the dye- 
woods are  mentioned in  “Trade in Miscellaneous M a
teria ls .” )

T a n n i n g  M a t e r i a l s

Im ports o f tanning extracts fell off 25 per cent in 1921 
as compared with 1920, but were still about 8 per cent 
above the 1914 figure in quantity. Purchases of quebracho 
wood fell off slightly from  1920, the quantity, however, 
being less than half of the total fo r 1914. Im ports of 
mangrove bark went up from 2544 tons to 7156 tons, 
which is practically the figure given fo r 1914. Exports 
of tanning bark were under the figure fo r 1920, but the 
item is insignificant. There was a noteworthy falling off 
o f over 70 per cent from the $6,000,000 worth of tanning 
extract exported in 1920. (See table “ Trade in Chem
icals, Drugs, Dyes, etc.,” fo r extracts, and “ Trade in Mis
cellaneous Materials ” fo r bark and wood.)

F e r t i l i z e r s

The imports of potash fertilizers are still fu rthe r below 
the pre-war normal than they were in 1920, as the next 
table will show. Exports of phosphate increased 20 per 
cent in quantity compared with 1920, but are still about 
36 per cent below the figure fo r 1914. Exports of super- 
phospate, on the other hand, were only a th ird  of the total 
for 1920. Shipments of ammonium phosphate showed a 
gratifying increase, but the sales of “ all other ” fertilizers
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wore cut in half.
T r a d e  r x  F e r t i l i z e r s

A r t i c l e s

Im p o r ts 1914 1920 1921
A mmonium su lfa te , to n s ................. 83,377 2,587 2,537
Bone d u s t, a sh , a n d  m eal, t o n s . . . 41,450 7,340 27,413
Calcium  « y a n a m id e , tp n s ............... (') S4,673 34,696
Guâno, to n s .......................................... 21,887 18,796 37,570
K ainite, to n s ........................................ 541,846 274,761 204,834
M anure sa lts , to i ls .......... .................. 261,342 2*19,3-18 123,273
Potash, n . o. s .:

M u ria te , t o n s .................................. 237,886 110,324 49,911
S u lfa te , to n s j ; ; ........................ 45,139 6,356 12,081

All o th e r su b stan ces  usod  on ly  a s
fertilizer, v a lu e ............................... ? 6 ,199,554 $4,757,066 $5,406,764

E x p o r ts
Phosphato rock :

H igh-grade peb b le  rock , to n é . . 4 /5 ,335 351,352 274,953
L and pebb le, to n s .........................
All o ther, to n s .................................

S uperphosphates, to n s .....................

1,000,630 395,581 651,749
1,906 30,348 16,862
(0 93,432 29,954

Ammonium s u lfa te , to n s ................. (’) 17,489 65,915
All o th e r  fertilizers , to n s ................. 61,601 239,091 108,431

1 N o t s ta te d  s e p a ra te ly .
* In c lu d ed  iu  ' a l l o th e r  fertilize rs”  p r io r  to  M a y  1, 1920.

G u m s ,  R e s i n s  a n d  N a v a l  S t o r e s  

Copal, kauri, and dam ar held their own in the import 
trade fo r 1921, but there were substantial decreases in 
other items of this class. Purchases of rubber fell from
632,000,000 to 357,000,000 pounds, or over 43 per cent.

The export trade in naval stores is only about half what 
it was in 1914 in quantity, although the sales of tu rpen
tine spirits increased 30 per cent in 1921 over 1920. Rosin 
exports were down one-third from  1920.

T r a d e  i n  G u m s , R e s i n s , a n d  N a v a l  S t o r k h
A r t i c l e s

Im p o rts 1914 1920 1921
C am phor:

C ru d e ,n a tu ra l,  l b s . . , ! .......... 4,025,517 2,092,886
R efined an d  sy n th e tio , l b s . . . 566,106 1,685,633 812,865

Chicle, lb s ......................................... 8,040,891 9,699,863 8,710,393
Copal, k au ri , d a m a r, lb s ............ .32,693,412 44,480,033 44,617,913

G am bier, l b s ............................... 14,936,129 10,207,013 6,292,780
Gum arab ic , lb s ............................. (') 6 ,718,308 4,416,465
Shellac, lb s ........................................ 34,151,209 23,871,866
Other gum s, l b s . , .......................... 14,641^434 10,822.198
India ru b b er, e tc .; •

B a la ta , lb s ................................... 1,533,024 2,013,737 Í , 879,990
® uayu le gum , lb s ..................... 1,314,913 995,123
G u tta  joo la tong , lb s ................ 24,926,571 18,392,164 6,774,189
G u tta -p erch a , lb s ..................... 1,846,109 6,496,309 4,575,392
Ind ia  ru b b e r, lb s ....................... 131,995,742

25,958,261
632,392,636 .356,975,223

In d iq -rubbo r sc ra p , lb s ........... 14,236,098 6,042,565
E x p o rts

N aval s to res :
Rosin, b b ls ................................... 2 ,417,950 1,321,535 877,160
T a r, tu rp e n tin e , p itc h , b b ls . . 351,352 61,826 41,864
T u rp o n tin e , s p ir its  of, g a l .  . . 18,900,704 7,461,455 9,741,711

* N o t s ta te d  se p a ra te ly .

O i l s , F a t s  a n d  W a x e s  .

The trade iu vegetable oils fell oil very badly in 1921 
from the boom figures fo r  1920. Im ports were only about
a third in value of what they were the previous year, and 
the export trade was ju st about as badly hit. On the 
other hand, the imports o f mineral oils doubled in value, 
while the exports increased 25 per cent.

S u m m a r y  o f  T r a d e  i x  O il s

A r t i c l e s

Im p o r ts  1914 1920 1921
Oils:

A n im a l...............................................  S I ,034,000 S3,629,000 $1,388,000
M in era l..............................................  13,660,000 41,050,000 81,865,000
Fixed v e g e ta b le ..............................  28,829.000 141.023,000 50,039,000
K ssan tia l............................................ 3,492,000 9,439,000 5,570,000

Uil-bearinfi m a te r ia ls :
C asto r b e a n s .................................... 1;139,000 3,674,000 1,302,000
C o p ra .................................................  2,395,000 14,971,000 9,951,000
F lax seed ............................................  10,571,000 76,845,000 9,133,000
P e a n u ts .............................................. 1,899,000 12,382,000 2,371,000

E x p o rts
Oils:

A n im a l...............................................  822,000 3,426,000 603,000
M in e ra l........................    152,174,000 426,349,000 535,560,000
Fixed veg e tab le ..............................  15,624,000 96,226,000 37,017,000
E ssen tia l............................................  628,000 2,230,000 1,177,000

The most striking development in the vegetable o il'trade

was the collapse of the business built up in 1920 in such 
Oriental oils as coconut, soy-bean, and peanut. Im ports 
of coconut oil totaled 272,000,000 pounds in 1920 and
141.000.000 pounds were exported. In 1921 the imports 
were down to 165,000,000 pounds while the exports had 
practically disappeared. Im ports of copra were fairly  
well maintained for the year as a whole. Im ports o f soy
bean oil reached 196,000,000 pounds in 1920 (which was 
fa r  below the 1918 figure), and nearly 68,000,000 pounds 
were exported. In  1921 the im ports had dropped to
50.000.000 pounds and the exports to a mere 5,000,000 
pounds. The imports of these oils, however, are greatly 
in excess of the pre-war normal. Cottonseed oil, w'hich 
was purchased abroad to the extent of nearly 25,000,000 
pounds in 1920, was practically removed from the im port 
column in 1921, whereas the exports of this typically 
American product actually increased from  160,000,000 
pounds in 1920 to 283,000,000 pounds in 1921. This is 
much above the 1914 level.

T r a d e  i n  O i l s , F a t s , a n d  W a x e s
A r t i c l e s

Im p o r ts 1914 1920 1921
Oils, an im al:

C od  a n d  codliver, g a l .................. 1.393,706« 1,943,357 1,224,660
A ll o th e r, g a l ................................... 1,488,973 1,294,134 745,984

O ils, m inera l:
C ru d e , g a l ........................................ 773,052,480 2,826,860.902 5.607.124.270
Refined

B enzone, gaso line, n a p h th a ,
g a l .............................................. 16,139,912 22,037,592 35,642,815

A ll o th e r, g a l.............................. 1,945,007 59,851,312 95,548,796
O ils, fixed v ege tab le :

C hili esc n u t, g a l ........... ................ 4,932,444 10,613,638 4,439,981
C ocoa b u tte r  o r b u tte r in e , l b s . . 2,838,761 41,500 915,177
C ocoanu t, lb s ................................. 74,386,213 271,539.548 165,268,503
C o ttonseed , lb s .............................. 17,293,201 24,164,821 1,315,265
Linseed , g a l ..................................... 192,282 4,550.391 1,996,586
O live, non-edib le , g a l ............... 763,924 216,145 261,689
O live, ed ib le , g .il............................. 6,217,060 ‘ 6,812,596 4,443,407
P a lm , lb s .......................................... 58,040,202 50,165,387 31,076,224
P a lm -k ern e l, lb s ............................ 34,327,600 53, .508 2,769,144
P e a n u t , g a l ................. .................... 1,337,136 22,004,363 2,421,704
R ape-sced , g a l................................ 1,464,265 1,229,526 1,171,930
S oy-bean , lb s ................................... 16*352,452 195,773,594 49,330,645
All o th e r, v a lu e .............................. $439,009 $2,974,966 $791,654

O ils, d istilled  a n d  essen tia l:
B irch  ta r-a n d  ca jep u t, v a lu e . . . «  r $20,019 $1,829
L em on, lb s ....................................... 385,959 870,170 626,014
A ll o th e r , v a lu e .................. ........... $2,633,789 $8,370,317 $4,989,374

O leo stca rin , lb s ................................... 5,243,553 1,307,837 742,908
Paraffin  (except oil), lb s ................. 7,495,459 8,687,728 5,714,653
W ax:

Beesw ax, lb s . ................................. 1,412,200 3,923,687 2.215,332
M in era l, lb s ..................................... 8,083,422 2,816,700 4,755,396
V ege tab le , l b s . . ..................... .. 4,255.686 9,949,567 6.235,416

G rease  a n d  oils, n . e . s ., lb s ........ .. 22,322,492 42,165,287 35,106,716
O il seeds a n d  n u ts :

C as to r  beans, b u ............................ 1,030,543 1,416,328 660,215
C ocoanu ts  in  shell, v a lu e ............ $2,133,416 $4,830,548 $2.690,723
C o p ra , lb s ......................................... 40,437,155 218,521.946 196,635,315
Flaxseed , b u .................................... 8,653,235 23,391,934 16,170,415
P ean u ts

N o t shelled , lb s .......................... 17,472,631 12,067,998 5,351,196
Shelled, lb s .................................. 27,077,158 120,344,425 42,628,034
E x p o r ts

Oils, an im al:
F i3h , g a l ............................................ 448,356 1,310,478 118,261
L a rd , g a l ........................................... 110,199 130,635 89,303
All o th e r, g a l................................... 891,035 1,452,489 340,329

O ils, m in era l:
C ru d e , g a l ........................................ 146,477,342 356,542,830 355,200,756

R efined  o r m an u fac tu red :
F u e l a n d  gas, g u l...................... 475,143.205 685,738,142 861,419,680
Illu m in a tin g , g a l ....................... 1,157,283,310 914,137,071 833,194,727
L ubrica ting , g a l ........................ 196,884,696 339,701,134 333,902.780
G aso line , g a l ............................... 151,611,537 294,949,121 382,610,683
O th e r  n a p h th as , g a l ................ 40,840,730 185,265,961 259,603,571
R esiduum , g a l ............................ 113,370,245 48,300,361 9,825,633

O ils, fixed v eg e tab le :
C ocoa b u tte r ,  lb s .......................... (») 11,048,416 3,170,617
C o c o in u t oil, lb3 ............................ <*> „ 141,063,943 6,639,055
C o rn , lb s ........................................... 18,281,576 12,482.679 6,919,170
C o tto n se ed , lb s ..................... ......... 192,963,079 159,400,618 283,268,025
L inseed , g a l ..................................... 239,198 1,136.585 561,277
P e a n u t , lb s ....................................... C) 4,922,781 1,594,643
S oy-bean , lb s ...................................
A ll o th e r, v a lu e ..............................

(■) 67,781,974 5,117,605
$338,956 $3,258,446 $1,013,541

O ils, d is tilled  a n d  essen tia l:
P e p p e rm in t, lb s .............................. 117,809 90.255 50,425
A ll o th e r, v a lu e .............................. $230,557 $1,551,992 $890,472

G rease :
$2,394,918L ub rica tin g , v a lu e ........................ $6,157,323 $6,851,936

S oap  stock , e tc ., v a lu e ................ $5,0-16,959 $8,934,603 $8,994,603
Oleo oil, lb s .......................................... 97,017,065 74,529,394 106,411,800
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T ra d e  in  Oils, F a ts  an d  W axes (Concluded)
O leom argarine , lb« ............................  2,532,821 20,952,180 6,219,165
P araffin :

U nrefined , lb s .................................  186,357,728 79,023,341 50,121,130
K efined , lb s ...................................... (») 81,784,255 203,289,734

S tea rin :
A nim al, lb s ......................................  2,724,182 22,505,602 19,177,311
V egetable, lb s .................................  (») 5,138,225 1,716,313

W ax:
Beesw ax, lb s ....................................  96,215 641,357 189,616
M an u fac tu res  of, v a lu e ............... §112,193 $1,203,471 S848.425

O il seeds a n d  n u ts :
O o tto n seed , lb a ..............................  16,342,384 3,505,118 4,811,313

.axseed , b u .................................... 305,546 24,044 1,481
P e a n u ts , lb s .....................................  8,054,817 14.137,956 13,149,417

P eriod  from  O ct. 3, 1913, to  J u n e  30, 1914.
» N o t s ta te d  sep a ra te ly .

O k e s  a n d  M e t a l s  

The following data on the trade in ores and metals is 
not included in the summary table a t the beginning of the 
article, but may lie of interest to certain branches of the 
chemical industry. The figures apply only to ores and 
metals not advanced beyond the bar and ingot stage.

SrMsiAitv o r  T rade i s  P iu n cii’AI, M etals  
A r t ic le s  1914 1920 1921

Im p o r t s
A n tim o n y   ...................................  5696,000 $1,284,000 $937,000
C h ro m a to  of iroD ..............................  737,000 1,419,000 1,6S9,000
C o p p e r ...................................................  34,500,000 W .310,000 61,866,000
Iro n .........................................................  11,879,000 12,221,000 12,215,000
L e a d ........................................................  2,057,000 6,817,000 10, >43,000
M a n g an ese ............................................ 1,841,000 8.0S6.000 10,200,000
N ick e l.....................................................  6,110,000 6,84S,000 4,971,000
P la t in u m ................................................ 3,976.000 0,990,000 6,282,000
T i n ...........................................................  39,422,000 93,145,000 53,248,000
T u n g s te n  o re ........................................ 114,000 2,589,000 468,000
Z in c .......................................................... 616,000 965,000 1,361,000

E x p o r ts
A lum in ium ............................................  1,102,000 5,195,000 4,107,000
B auxite  c o n c e n tra te s ........................ 616,000 1,709,000 1,067,000
C o p p e r .................................................... 149,480,000 127,996,000 73,199,000
F e rro v a n a d iu m ...................................  503,000 254,000 916,000
I ro n .......................................................... 6,261,000 14,454,000 11,23S,000
L e a d ........................................................  2,610,000 4,207,000 1,275,000
N ick e l.....................................................  9,40-1,000 1,144,000 57,000
T u n g s te n  an d  fo rro tu n g s te n   . . . .  58,000 2,000
Z in c .......................................................... 995,000 22,927,000 3,469,878

M i s c e l l a n e o u s  P r o d u c t s  
A better idea of the general depression in foreign trade 

can be gained from a  study of the following table o f mis
cellaneous products than from  any of the other tables in 
this article. In nearly all eases there has been a falling 
off from  1020. A notable exception is gunpowder, for 
which there is recorded an increase from less than 2,000,- 
000 pounds to nearly 42,000,000 pounds. Glassware did 
practically as well in 1921 as in 1920, so fa r  as value is 
concerned, and the export total fo r this item is very 
much higher than in 1914.

T rade  in  M isc e l la n e o u s  pRODrcT*
Ar t ic le s  1914 1920 1921

Im p o r ts
Collodion, an d  m an u fac tu re s  of,

v a lu e ..............................................  $569,763 $82,940 $168,442
Explosives:

1* u lin inates , gunpow der, o tc .,
v a lu e ..............................................  $256,379 $1,523,553 $189,524

All o th e r  v a lu e ...............................  $600,958 $765,412 $759,347
G lass an d  g lassw are, v a lu e   $8,191,833 $3,582,403 $11,771,538
G lue  an d  glue siae, lb s .....................  22,714,877 1,410,194 3,561,831
M utches, v a lu e ...................................  $882,812 $1,096,982 $954,898
O ilclo th  fo r f lo o rs :.............................

L inoleum , sq . y d s .......................... 3,724,086 522,999 825,105
O ilcloth, sq . y d ..............................  340,288 62,372 44,763

P a in ts , p igm en ts , etc.., v a lu o    $ 2 132f),222 $1,975,769 $2,943,942
P a p e r  an d  p u lp :

P r in tin g  p a p e r
N o t ov er 8  c. p e r  lb ., lb s   536,815,288« 1,322,890,825 1,475,111,157
All o th e r, lb s ............................... 6,053,429 1,371,576 4,219,925

S urface-coated  p ap e r, lb s   6,925,505 369,211 1,157,819
W rap p in g  p ap e r, lb s ..................... 36,515,554 4.983,817 7,444,611
W ood pu lp

M echan ical, to n s ....................... 177,484 194,119 167,093
C hem ical, unb leach ed , to n s .,  302,963 443,867 349,170
C hem ica l, b leached , t o n s . . . , 88,917 88,564 107,904

P h o to g rap h ic  goods:
D ry  p la tes , v a lu e  . .......... (») $25,808 $78,452
M otio n -p ic tu re  films

N o t exposed, lin . f t ..................  44,717,323* 46,485.434 134,118,621
N egatives , lin . f t .......................  402,704« 1,417,774 2,121,593
P ositives, lin. f t .........................  20,057,144 3,327,566 5,253,413

O th e r  films a n d  p la tes , v a lu e . , $324,535 $1,355,832 $2,724,320
Im p o rts  

S oap:
C astile , lb s ........................................ 4.622.0S2 3,352,974 1,808,872
All o th e r, value...............................  $460,485 $192,103 $319,647

1 V alued  a t  n o t abo v e  5 ce n ts  a  po u n d  p r io r  to  A pril 24. 1920
• N o t s ta te d  sep ara te ly .
»F rom  O ct, 3. 1913, to  Ju n e  30, 1914.
* S ta te d  a s  “ A ll o th e r”  m o tio n -p ic tu re  films in 1914.

T ra d e  in  M iscellaneous P ro d u c ts  (Concluded)
A r t ic le s  1914 1920 1921

S u g ar a n d  m olasses:
M olasses, g a ls ................................. 51,410,271 154,670,200 113,413,681
S u g a r

B oot, lb s .............................................  2 ,367,708 14,270,114 22,491,771
C an e , lb s ...................................... 5 .061,564,621 7,577,698,325 6,984,195,691
E x p o r ts

B ak in g  pow der, lb s .................................  2,725,964 5,595,126 3,491,666
B lack ing  a n d  polishes, v a lu o   $649,395 $2,845,110 $2,072,963
C and les, lb s ..........................................  3,047,756 7,691,420 3,252,838
C olluloid a n d  m a n u fac tu re s , v a lue  $1,387,541 $10,044,242 $4,281,709
C hew ing gum , v a lu e .........................  $178,630 $2,617,483 $1,510,679
E xplosives:

C a rtrid g es , loaded , v a lu e   $3,521,533 $9,729,937 $3,099,947
D y n a m ite , lb3 ...................................... 14,464,601 12,566,057 11,878,600
F u ses, v a lu o ..................................... (■) $709,662 $512,030
G un p o w d er, lb s ...................   9S9.385 1,721,991 43,485,291
Shells a n d  p ro jec tiles , loaded ,

v a lu e ..............................................  (.) $12,295,519 $563,966
All o th e r , v a lu o ..................................... $916,2S0 $2,250,566 $1,445,610

F lavo ring  e x tra c ts  a n d  i r u i t  juices,
v a lu e ...................................................  (0  $1,425,380 $1,236,135

G lass an d  g lassw are , v a lu o   $3,729,623 $25,906,621 $25,387,607
G lucose a n d  g rape  su g ar:

G lucose, lb s .....................................  162,680,37S 219,793,235 125,972,386
G rape sugar, lb s .................................  36,850,496 25,839,015 15,981,960

G luo, lb s ......................................................  2,351,770 13,141,294 5,991,872
In d ia - ru b b e r  m a n u fa c tu re s , v a lu e  $12,441,220 $69,226,716 559,565,572
I n k :

P r in te r s ',  v a lu e .....................................  $443,377 S I ,590,096 $1,550,548
A ll o th e r , v a lu o ..................................... $181,697 $836,436 $774,423

M atc h es , v a lu o ...........................................  $77 ,’ 36 $558,911 $389,004
M e ta l po lish , v a h w ...........................  $162,504 $451,934 $346,104
M ucilage a n d  p a s te , v a lu e   $95,013 $654,S27 $601,263
O ilc lo th :

F o r  floors, sq . y d s .........................  163,214 2,623,060 1,287,649
All o th e r , v a lu e ..............................  $666,479 $2,475,699 $2,917,099

P a in ts , p igm en ts , e tc .:
D ry  colors 

C a rb o n , b o n e ,a n d  lam pblack ,
v a lu o ................................................  $421,548 $1,959,208 $1,829,987

A ll o th e r, v a lu e ..................................... $690,836 $2,991,018 $2,170,237
L ead

H cd , lb s ................................................. (.) 3,027,731 2,046,339
W h ite , lb s .................................... 16,845,154 31,441,918 17,408,803

H eady -m ixed  p a in ts , g a l   852,910 2,553,091 2,317,630
V arn ish , g a l .....................................  1,069,501 1,529,592 1,158,025
Zinc oxide, lb s ................................  29,197,790 30,925,983 10,149,360
A ll o th e r , v a lu e ..............................  $1,779,863 $7,756,076 $5,947,461

P a p e r  an d  pu lp :
N ew sp rin t, lb s ................................  88,966,738 123,335,408 64,156,772
O th e r p r in t in g  p a p e r, lb s   28,602,134 92,076,860 78,621,553
W rap p in g  p a p e r, lb s ....................  14,133,097 65,163,463 42,454,760
W ritin g  p ap e r a n d  envelopes,

v a lu e ..............................................  $1,179,232 $7,322,859 $8,232,318
W ood p idp , to n s ............................  13,481 33,972 27.16S

P h o to g rap h ic  goods:
M otion -p ic tu re  films

N o t exposed , lin. f t .................. 155,359,550 90,398,122 53,814,601
E xposed , lin. f t .......................... 32,690,104 188,527,165 154,931,010

O th e r  sen s itized  goods, v a l u e . . $1,348,216 $4,960,928 $5,726,611
S oap :

T o ile t < r  fancy , v a lu e .................. $2,141,633 $6,625,259 $4,182,428
A llo th e r , lb s ...................................  58,547,763 155,891,586 85,830,216

S u g ar an d  m olasses:
M olasses, g a l ...................................  1,002,441 7,667,830 5,348,202
S irup , g a l ..........................................  11,630,528 12,278,246 4,606,261
S ugar, refined , lb s .............................  • 50,895,726 1,444,030,665 5S2,698,4SS

V ulcanized  fiber a n d  m anufac
tu re s  of, v a lu e ................................  $854,642 $1,859,357 $2,295,457

W ash ing  pow der a n d  fluids, l b s . . 12,761,958 6,217,201 4,021,497
1 N o t s ta te d  sep a ra te ly .

M i s c e l l a n e o u s  M a t e r i a l s  
T h e  e x p o r t  a n d  i m p o r t  t r a d e  i n  a  n u m b e r  o f  m a t e r i a l s  

t h a t  c o u l d  n o t  c o n v e n i e n t l y  b e  g r o u p e d  e l s e w h e r e  i s  s h o w n  
i n  t h e  f o l l o w i n g  t a b l e :

T rade  in  M isc e l la n e o u s  M aterials 
Ar t ic le s  1914 1920 1921
Im p o r ts

A spha ltum  a n d  b itu m en , to n s . . . 180,6S9 93,397 134,280
K lood. d r ie d , v a lu e ...........................  $391,816 $678,307 $290,609
B ones, hoofs, ho rns , v a lu e   S I,061,466 $1,754,892 $2,936,889
D yew oods, crude s ta te :

Logw ood, to n s .............................   . 30,062 45.073 56,977
All o th e r, to n s ................................  7,6C3 3,358 4.S46

F ish  sounds, lb s .................................  (*) 79,679 127,781
G e la tin , u n m a n u fa c tu re d , l b s . . . . 2,341,317 1,121,117 2,396,645
H ido c u ttin g s  a n d  o th e r  gluo

stock , lb s .....................................   2,158,514» 26,248,159 36,104,659
M oss a n d  seaw eed:

C ru d e , v a lu e ...................................  $301,259 $457,073 $505,80S
A ll o th e r, v a lu e .............................. $54,376 $40,711 $47,195

R en n e ts , v a lu e .................................... $129,720 $159,039 $72,092
S a lt , 100 lb s .........................................  3,076,071 1,756,240 2,486,091
T a n n in g  m a ten n is, crude:

M angrove b ark , t o n s ..................  7,689 2,544 7,156
Q uebracho w ood, to n s ................  73,956 33,672 32.901
All o th e r, v a lu e .............................. $468,230 $2,757,859 $1,393,058

V an illa  beans, lb s .............................. 897,100 1,130,336 986,071
E x p o rts

A spha ltum :
U n m an u fac tu red , to n s ................ 49.831 47,024 43,630
M a n u fac tu re s  of, v a lu e ..............  1362,347 *682,753 $7S1,94<

B ark s  fo r ta n n in g , to n s ..................  (*) 513 382
M oss, v a lu e .......................................... $51,006 $141,000 $62,595
S alt, 100 lb s .........................................  1,489,312 2.574.937 2,426,321

* N o t s ta te d  sep ara te ly .
■ Q u a n tity  n o t g iven  fc r  1914.
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A Fermentation Process for the Production of Acetone, Alcohol, 
and Volatile Acids from Corncobs

By W. H. Petersan, E. B. Fred and J. H. Verhulst
DEPARTMENTS OF AUIUCUI.TURAL ClïEMI&TRT AND AGRICULTURAL BACTERIOLOGY, UNIVERSITY OP WlSCONHIN, M aDL-îON, WlSOONcUN

The production of acetone by biochemical methods in 
England and Canada during the w ar was carried out on a 
large scale. In one plant,4 operated a t Toronto, Canada, 
from May 1916 to November 1918, more h tan  6,000,000 
lbs. of acetone and 12,000,000 lbs. of alcohol were obtained. 
The breaking down of carbohydrates into acetone can be 
effected by the use of Bacillus granulobacter pectinovorum,1 
Bacillus macerans,3 Bacillus acetocthylicum ,3 and no doubt 
by other types of bacteria.

Aside from  securing the proper organism and proper 
conditions fo r fermentation, an essential requirement is a 
cheap source of fermentable carbohydrate. The chief mate
rials fermented have been corn meal and molasses. As a 
cheap substitute fo r these materials, the utilization of wood 
waste, straw, seed hulls, and corncobs is suggested.

In a recent paper7 the authors have described the results 
obtained by ferm enting crude corncob sirup with the 
pentose fermenter, Lactobacillus pentoaceticus. The re
sults obtained indicate tha t a  sirup prepared by the hy
drolysis o f corncobs with dilute acids offers a favorable 
medium for the fermentative action of these bacteria. In 
the present paper are given the results obtained by ferm ent
ing a sim ilar corncob sirup with another organism, Bacillus 
acetoetliylicum, whose isolation, fermentation characteris
tics, and commercial use have been described by Northrop 
and his associates. A more detailed description of the 
products of ferm entation and conditions influencing these 
products was. given in a later paper by Arzberger, Peter
son, and Fred.8

The chief products formed by this organism are acetone, 
ethyl alcohol, formic and acetic acids, and carbon dioxide. 
The biochemical relations of these products to one another 
are very intimate, as m ay be seen from  the fact that a 
high production of acetone and alcohol is accompanied by 
a low yield o f volatile acids. Conversely, when the acid 
production is high, the acetone and alcohol yields are low. 
The condition determining this variation of the products 
is the reaction of the medium. An alkaline reaction, pH
8.0, favors the production of acid, while an acid reaction 
of pH  5 to 7 increases the yield of acetone and alcohol.

1 R eceived  A pril 27, 1921.
2 T h is  w ork w as in  p a r t  su p p o rted  b y  a g ra n t from  th e  specia l research  

fund o f th e  U n ivers ity  of W isconsin.
3 P ub lished  w ith  th e  perm ission  of th e  D irec to r o f th e  W isconsin A gricul

tu ra l E x p e rim en t S ta tio n .
4 H . B . S peakm an , J .  B io l. Chetn., 41 (1920), 319.
5 F . S chard inger, Ccnir. B ak t; P arajitcnh . I I  A b t., 14 (1905), 772.
6 J . I f . N o rth ro p , L . I I .  A she, an d  J . H . Senior, J .  B iol. Chcm., 39 (1919), 1; 

J . H . N o rth ro p , L . H . A she, a n d  R . R . M organ , T h i s  J o u r n a l , ,  i i  (1919), /23 .
7 E .  B . F red  a n d  W . H . P e te rson , T h ls  J o u r n a l ,  13 (1921), 211.

S J .  B io l. Chcm. 1 44 (1920), 465.

H y d r o l y s i s  o p  C o r n c o b s

A dilute sugar solution was prepared by hydrolyzing 
ground corncobs with sulfuric acid. A fter hydrolysis, the 
acid was neutralized with milk of lime, and the sugars were 
removed by pressing and washing the insoluble residue. 
The production of reducing sugars is influenced by tin; 
quantity of acid, the volume of water, the length o f heat
ing, and the pressure maintained during the hydrolysis. At 
a pressure of 20 lbs. the most eflieient production of sugars 
was effected by heating the cobs fo r 1 hr. with about 8 per 
cent of their weight of acid. A greater quantity o f acid 
and water increased the yield only 2 per cent. A t a  pressure 
o f 100 to 115 lbs., with 2 per ceut of acid, somewhat lower 
yields of sugar were obtained. A second hydrolysis of the 
residue gave only 4.4 per cent of-reducing sugars. The 
percentages of sugar obtained and other data fo r the differ
ent methods of hydrolysis are given in Table I.

F e r m e n t a t i o n  o f  P r o d u c t s  o r  H y d r o l y s i s

p r e l i m i n a r y  t e s t s —To determine the ferm entability ot 
the corncob sugars, test tube cultures containing 3.0 per 
cent of reducing sugar, 0.5 per cent of peptone, and 0.1 per 
cent of solid NanHPOt (approxim ately 2 H2 O) were p re
pared. Varying amounts of sterilized sodium hydroxide 
were added, so that the p H  value of the medium in the 
tubes ranged from 6.4 to 8.8. A fter a few days the un
fermented sugar was determined, and it was found that 
the greatest fermentation had taken place where the pH  
was between 7.6 and 8.4 a t the time of inoculation.

f e r m e n t a t i o n  s e r i e s ,  I—The effect of ex tracting  the cobs 
with alkali on the fermentability of the hydrolysis products 
was studied in this experiment. Convenient portions of 
Solutions 2, 5, and 7 (Table I )  were used. The solutions 
were placed in 500-cc. Erlenmeyer flasks, together with 
sufficient peptone and X a„IIP04 to give a  concentration of 
0.5 and 0.1 per cent, respectively. The flasks were stop
pered with cotton plugs and sterilized fo r 30 min. a t 15 
lbs. pressure. When cold, an excess o f sterilized calcium 
carbonate was added to the flasks, and the pH  of the 
medium was adjusted to 7.6 to 8.0 by the addition of steril
ized sodium hydroxide.1 The flasks of media were inocu
lated, and the cotton plugs were covered with tin foil to 
lirevent the loss of alcohol and acetone.

Considerable difficulty was experienced at first in secur
ing growth in these cultures. Sugar determinations showed 
that little or no reducing sugars had been fermented. The

* In  som e ea rlie r experim en ts, th e  p H  w as a d :ust©4, before th e  m edium  
w as s te rilised , b u t  i t  w as found  th a t  th e  so lu tion  h a d  becom e acid a sa  resu lt 
of s terilizatson , an d  th a t  from  15 to  20 p e r  cen t of th e  reducing  sugars  had  
b ^ n  destroyed .
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T a b l e  I — R e d u c i n g  S u g a r s  O b t a i n e d  f r o m  C o k n c o b s  i»y V a r i o u s  
M e t h o d s  o f  H y d r o l y s i s

R educ
Volumo ing

of H ea tin g Sugars as
M a t e r i a l RKAOEX T W a te r T im e P ress. G lucose

N o. G . G . Cc. M in. Lbs. P e r  c e n t1
1 C obs 50 H jS O l 4 200 60 20 2 4 .5
o C obs 200 HjSO* 30 1500 120 20 2 6 .7
3 C obs 20 H jS O i 1 .6 80 240 20 3 1 .4
4 C obs 100 N aO II 30 1000 120 20 1 0 .0
5 R esidue

from  4 nsSO« 20 1000 120 20 9 .1
6 C obs 50 N aO H 2 500 15 20 2 .8
< R esidue

from  6 II*SO< 10 500 120 20 2 1 .9
8 C obs 100 H tSO* 2 200 30 100-115 2 0 .7

R esidue 
from  8 HtSO< 2 200 20 100-115 4 .4

* A ir d ry  cobs.

cultures liad become acid in reaction and growth had ap p a r
ently ceased. More Na.HPO , was added, the pH  was ad
justed with sodium hydroxide, and the flasks were reinocu- 
lated. A fter a few days the cultures were tested for 
acetone, and good qualitative tests were obtained. Micro
scopic mounts of the cultures showed the presence of large 
numbers of bacteria. x\t the end of 10 days sugar de
terminations were made, and it was found that about one- 
half of the reducing sugars had been fermented. The cul
tures were analyzed for acetone, alcohol, and volatile acids.

Methods o f Analysis—The acetone and alcohol were dis
tilled from  a 50-cc. portion of' the culture, which had been 
previously neutralized with sodium hydroxide and sat
urated with sodium chloride in order to hasten the removal 
of the acetone and alcohol. An aliquot p a rt of the distillate 
was used for the determination of acetone, according to 
Goodwin’s modification1 of the M essinger-Huppert method. 
In  another aliquot p art the alcohol was oxidized with potas
sium dichromate, and the resulting acids were removed by 
distillation and titra ted .2

A second portion of the culture was acidified with sul
furic acid, and the volatile acids were driven out by steam 
distillation and titrated.

T a b l h  I I — A c e t o n e  F e r m e n t a t i o n  o f  t h e  H y d r o l y s is  P r o d u c t s  o f  
C o r n c o b s  

(C a lcu la ted  fo r 100 cc . of cu ltu re)
R e

du c in g  V ola-
A ge S u g ar tile  Sum
of a s  A lco- A cids of

N o. of C orncob  tu re  cose to n e  E th y l  A cetic  u c ts  F erm .
E x tra c t D a y s  G . G . . G l. G . G . G .

T a b le  I ,  N o 2 ................  10 5 .0 2  0 .3 2 0  0 .8 5 4  0 .6 3 5  1 .8 1 0  2 .7 3
T ab le  1, N o 5 ................  7 4 .0 2  0 .1 3 9  0 .2 6 6  0 .2 8 6  0 .6 9 1  1 .39
T ab le  I ,  N o. 7 ................  8  3 .6 0  0 .0 8 3  0 .2 3 3  0 .2 8 1  0 .5 9 7  1 .9 4

From  the analytical data which are given in Table I I ,  it 
is evident that the optimum conditions fo r the growth of 
the bacteria were not obtained. Unfavorable reaction and 
the tendency of the bacteria to m at together as a  slime on 
the bottom of the flask were probably responsible.

f e r m e n t a t i o n  s e r x e s ,  I I — The distribution of the bac
teria is maintained much better if  the flask is filled with 
some coarse, inert material to which the organisms may a t
tach themselves. Northrop, Ashe, and Morgan3 suggested 
use of broken corncobs, coke, or beech shavings. In  this 
experiment a liter Jena bottle was two-thirds filled with 
coarse cinders, which were extracted with 10 p er cent hydro
chloric acid and washed free of acid. The bottle was closed 
with a 2-hole rubber stopper through which were inserted 
glass tubes somewhat similar to those used in an ordinary 
wash bottle. Instead of the short tip  on a wash bottle a 
long glass tube was used, and a guard tube filled with cotton 
was attached to the second tube, which corresponded to the 
mouth piece of a wash bottle. During the fermentation the 
delivery tube was closed by a screw clamp, while the guard

• J .  i i t t .  Chem. Soc.. 42  (1920). 3&.
* A . W . D ox  an d  A . R . L am b , / .  A m . Chem. S o c 38 (19 1 6 ^  2561.

1 f/OC. Ctt. —

tube was left open as a means of escape fo r the ferm enta
tion gases. A  sample fo r analysis was removed when de
sired by attaching a rubber force bulb to the guard tube, 
pumping air into the flask, and then opening the screw 
clamp. The first 10 cc. coming out was always discarded. 
W hen sufficient sample had been collected the screw clamp 
was closed, the force bulb was disconnected, and the air 
pressure in the flask was released through the guard tube. 
A t the end of the fermentation all the liquid in the bottle 
was forced out, leaving the bacterial slime attached to the 
cinders. The bottle was again charged with 400 to 500 cc. 
of medium by sucking this into the bottle through the de
livery tube. W ith this arrangem ent a rapid and continuous 
fermentation was maintained, the yield of products was 
much increased, and the time of fermentation considerably 
shortened. One experiment with one refill and two e p e n 
men ts with two renewals each were made. The results of 
the analyses are given in Table I I I .  The most rapid  for-

T a b l e  I I I — Y i e l d  o t  P r o d u c t s  b y  a  C o n t i n u o u s  F e r m e n t a t i o n  
(C a lcu la ted  fo r 100 cc. of cu ltu re)

R educ ing V olatile
Sugars Alcohol Acid T o ta l

N o. of A ge of as as as P ro d 
E xi*t . Refill C u ltu re G lucose A cetone E th y l A cetic ucts

D ay s G. G . G . G . G .
I. 1 0 2 .2 3

4 0 .7 7 Ö Ü 97
9 0 .2 2 0 .3 4 2 0 .6 8 1 0^295 1 .318

I . 2 0 3 .2 8
3 1 .84 CK39Ö 0 .5 7 0
6 0 .4 6 0 .5 0 2 1.051 0 .5 6 1 2 .1 1 4

II, 1 0 3 .6 3
6 0 .3 5 Ö!3Ö6 0 .9 7 0 o !4o9 Ü 6 8 5

II 2 0 3 .4 2
4 1 .00 Ö!3Ö9 o ’. s io o !4o8 1 .5 2 7
S 0 .4 2 0.381 1 .0 4 7 0 .3 7 7 1 .805

I I I I 0 3 .1 5
. . . . . 6 0 .2 8 CK2Ö6 (L67Ö 0 .3 7 2 Ü 2 4 8

mentation took plae,e in the second refill of Expt. I .  In  fi 
days, 2.114 g. of products were obtained from the fermenta
tion of 2.82 g. of sugar. The maximum yields of acetone 
and alcohol were found in this case, while the volatile acid 
was correspondingly low. The relation of these three prod
ucts to one another and to the sugar consumed may be more 
clearly seen by a recalculation on a percentage basis, as 
has been done in Table IV. The figures previously reported

T a b l e  IV— P e r c e n t a g e  o f  P r o d u c t s  o n  t h e  B a s i s  or S o g a r  F e r m e n t e d

N o. of A cetone Alcohol V o la tile  Acid T o ta l
E xpt , Refill P e r  ce n t P e r  ce n t P e r  ce n t P e r  ce n t

1 .......................................  1 16 .1 3 2 .1 1 3 .9 62 .1
I ....................... 2 1 7 .8 3 7 .3 2 0 .0 7 5 .0

H . .......... .................... 1 9 .3 3 0 .0 1 5 .5 5 4 .S
11................................. 2 12 .7 3 4 .9 1 2 .6 6 0 .2

I I I ....................... .. 1 7 .2 2 3 .3 1 3 .0 4 3 .5
A v e r a g e ........................
A verage fo r 10 fer

m e n ta tio n s  of p u r -  
m e n ta tio n s  of p u r i

1 2 .6 3 1 .5 1 5 .0 59 .1

fied carbohydrates*  
1 Loc. ext.

8 .7 2 5 .5 2 1 .7 5 5 .6 .

for the fermentation of the pure carbohydrates by Bacillus 
acetoethylicum  are included in this table fo r comparison. 
More acetone and alcohol and less volatile acids were ob
tained from  the fermentation of the corncob extract than 
had been found in  the ferm entation of the pure carbo
hydrates. In  both experiments the second charge shows 
an increase over the first in the proportion of acetone and 
alcohol. These two products are characteristic o f the later 
stages of the ferm entation, and hence a method of fermenta
tion which leaves the bacteria in the container and renews 
the sugar favors the formation of acetone and alcohol.

From  the data o f Tables I  to I I I  the yield oi products 
may be expressed on the basis of 100 lbs. of corncobs. An 
average of 25 lbs. of reducing sugars were formed, and 
of this 90 per cent, o r 22.5 lbs., were fermented, yielding 
about 2.7 lbs. of acetone, 6.8 lbs. of -alcohol, and 3.4 lbs. 
of volatile acids.



Sept., 1921 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 759

S u m m a r y

Corncobs may be utilized fo r the production of acetone, 
ethyl alcohol, formic acid, and acetic acid. These products 
may be obtained by fermenting a  sirup which is made from 
corncobs by hydrolysis with dilute sulfuric acid. This 
hydrolysis is easily brought about and, based on the weight 
of corncobs, yields from  25 to 30 per cent of reducing 
sugars, mainly xylose.

This crude xylose sirup is readily and almost completely 
fermented by Bacillus acetoethylicum  with the production 
of the above products. On the basis o f 100 lbs. o f corn
cobs, the yield of products is 2.7 lbs. of acetone, 6.8 lbs. of

alcohol, and 3.4 lbs. of volatile acids.
The best results are obtained by conducting the ferm enta

tion in .a  container partly  filled with cinders. The bacteria 
become attached to these cinders, thus bringing about a  good 
distribution of cells throughout the culture. A t the end of 
the fermentation the solution is removed, and a fresh charge 
is added without disturbing the bacterial slime. An imme
diate and vigorous fermentation ensues. An im portant con
dition tha t must be observed is the reaction of the medium. 
This should be between p H  7.6 and 8.4 a t the beginning of 
the fermentation, and an abundance of calcium, carbonate 
should be present to neutralize the acids tha t are formed.

Alkali Fusions. III- -Fusion of Phenylglycine-o-Carboxylic Acid for the Pro
duction of Indigo1

By Max Phillips
C o l o h  L a b o r a t o r y , B u r e a u  o f  C h e m i s t r y , D e a p r t m b n t  o f  A g r i c u l t u r e , W a s h i n g t o n ,  D . C .

The Gibbs and Conover2 catalytic process for making 
phthalic anhydride, developed in this laboratory, has al
ready assumed considerable industrial importance, and 
phthalic anhydride promises to become one of the cheapest 
intermediates. Of the many dyes that can be made from 
this compound, by fa r  the most im portant one is unques
tionably indigo. A process of making this dye from 
phthalic anhydride has been used by the Badische company 
for nearly twenty-live years. The various steps involved 
in the so-called Badische process may be represented as 
follows :

n - < _ r r <  « r r * —kJ - < 0 kJ-COOH
PMhalic Anl*jdr«j« P\ttW\unV4e, AntHramKc Ac«J f^n^giycme-o-Carlwt^lit And

0_ n -b

<r> 0  —  O c H P k .Nc 
i né»«

sOH 
Wo»V[Vlt

Although the chemistry involved in this process is now 
vii.y generally knowrn, the details for carrying it out have 
ne/er, for obvious reasons, been published by the Badische 
company. A  study of the various steps involved in this 
process has, therefore, been undertaken in this laboratory, 
a id the present article is a report o f one phase of the work.

H i s t o r i c a l  R e v i e w  

The process o f making indigo from  phenylglycine-o- 
carbolic acid was first brought to  the attention  of chemists 
by Heumann3 in 1890, and subsequently patented by the 
Badische company. According to Heumann, three parts of 
potassium hydroxide, one p a r t phenylglycine-o-carboxylic 
acid, and one p a r t of w ater are heated to 180° to 200° C. 
until the alkaljne mass assumes an intense orange color, 
whereupon it is allowed to cool and subsequently dissolved 
m water, and the indigo is precipitated by passing a stream 

air through the solution. The yield obtained is not given. 
The Badische4 paten t controlling this process fails to give 
any further inform ation. In  a la te r paten t5 i t  is claimed 
that the heating of the phenylglycine-o-carboxylic acid must 
6 ¿one in the absence of air o r in an atmosphere of an

l  Received J u n o  20 , 1921.
2TJ. S. P a te n ts  1,284,SSS an d  1,285,117; T in s  J o r n s A i l  i i  (1919). 1031. 
3 Ber., a3 (1890), 3431.
1 D. R . p .  53,273.
5 D. R. p . 85,071.

inert gas. Using sodium hydroxide, a  tem perature range 
of 235° to 265“ C. is given, whereas with potassium hy
droxide that of 280° to 290°C. is recommended. I t  is also 
claimed that the alkali used must be as dry as possible.

According to  Levinstein,1 the conversion of pheny- 
glycine-o-carboxylic acid to indoxylic acid is accomplished 
by heating  a m ixture consisting of 60 p a rts  phenylglycine-
o-carboxylic acid and 100 parts  of soidium hyroxide for 2.75 
hrs. a t 260°C. No statement as to yield is given.

In  a  paten t granted to Michel2 it is claimed th a t the ad
dition o f paraffin to the alkali fusion m ixture greatly im
proves the yield of indigo. The fusion tem perature range 
is given as from 250° to 280°C. The end of the reaction is 
determined by the color of the fused mass. However, it 
does not appear that this method has ever found any prac
tical application.

M a t e r i a l s  a n d  A p p a r a t u s

PO T A S S IU M  HYD RO XID E A N D  SO D IU M  H Y D RO X ID E—These
chemicals were of the usual C. P . grade. The potassium 
hydroxide assayed 81.2 per cent KO H, and the sodium 
hydroxide 94.0 per cent of NaOH. In  calculating the moles 
of alkali used in the various fusion experiments, due allow
ance was made fo r the impurities present.

p i i e n y g l y c i n e - o - C a r b o x y l i g  a c i d — This acid was p re
pared by condensing anthranilic acid with chloroacetic acid. 
In  preparing it by this method it is usually recommended 
that sodium hydroxide or sodium carbonate be used as the 
condensing agent. I t  was found, however, that a purer 
product could be obtained if  these were eliminated. The 
following is a brief description of the method used: 137 g. 
anthranilic acid (1 mole), 94.5 g. chloroacetic acid (1 mole), 
and 1000 cc. o f water were placed in a suitable flask a t
tached to a reflux condenser and heated fo r about 3 hrs. 
On cooling, crystals of phenylglycine-o-carboxylic acid 
separated out. These were filtered off and recrystallized 
from  hot w ater. About 1000 g. of th is  acid were prepared, 
and the same material was used in all of the experiments 
recorded in this paper. A nitrogen determination made on 
this acid gave the following results:

F ound  
P e r  c e n t N  

7.13 
7.18

C a l c u l a t e d  f o r  C 1H 1O 1N 
P e r  c e n t N  

7.18

a p p a r a t u s — A full description of the apparatus used will 
be found in an earlier article.3

1 J .  Soc. D vers Colour., 17 (1901), 138.
2 Chem. ¿>tq., j s  (1911), 735; D. R. P . 232,986.
3 T h is  J o u rn a l ,  12 (1920), 145.
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E x p e r i m e n t a l  M e t h o d s

lu  working out tlie most favorable conditions for the con
version of phenylglycine-o-carboxylic acid to indoxylic acid 
and hence to indigo, a study was made of the four following 
factors affecting the yield of indigo:

1— T ho p ro p e r fusion  period .
2— R a tio  of a lk a li to  phenylg lycine-o-carboxylic ac id .
3—T ho proper fusion  te m p e ra tu re .
4— T ho p ro p sr condensing  a g e n t .

With the apparatus used the effect upon the yield of 
iudigo of each of the above factors could be very conven
iently studied. Thus, to determine the optimum fusion 
period, with potassium hydroxide as the condensing agent, 
experiments were performed in  which the period of fusion 
was the only variable factor, while the temperature, as well 
¡is the ratio of phenylglycine-o-carbo.\ylic acid to potas
sium hydroxide, remained constant. From the results thus 
obtained, the optimum fusion period with reference to the 
other experimental conditions was deduced. Using the 
optimum conditions as determined in  the preceding set of 
experiments, and again keeping the tem perature constant, 
experiments were performed in which the ratio  of phenyl
glycine-o-carboxylic acid to potassium hydroxide varied. 
A t the end of the fusion period, the tubes were rapidly 
cooled and their indigo content determined. To determine 
the optimum fusion temperature, experiments were per
formed a t different temperatures, using the optimum condi
tions as to period of fusion and ratio  of phenylglycine-o- 
carboxylic acid already determined. In  a sim ilar manner 
the conversion of phenylglycine-o-carboxylic acid to iudigo 
by means of sodium hydroxide, as well as with various 
mixtures o f potassium hydroxide and sodium hydroxide, 
were studied.

i n d i g o  d e t e r m i n a t i o n — The cold alkaline mass was dis
solved in hôt water and the solution gently boiled for about 
half an hour. A ir was then slowly passed through the so
lution until no more indigo separated out. This usually 
required about 8 to 10 brs. The indigo was collected on a 
weighed hardened filter paper, and washed with hot dilute 
hydrochloric acid, then with hot water, and finally with 
alcohol and ether. I t  was dried at 110°C. and its weight 
determined. The result thus obtained is given in the follow
ing tables under the heading “ Indigo Obtained—Grams.” 
The purity  of the indigo was determined by means of the 
Rawson1 potassium perm anganate method. This method 
is unquestionably as accurate as any of the methods fo r the 
determ ination of indigotin and by fa r  the sim plest.2 The 
potassium perm anganate solution was standardized against 
pure indigo prepared according to the Badische3 method. 
In  sulfonating the pure indigo, the directions given by 
Rawson in connection with his method fo r determining in- 
digotin were followed so as to make the results comparable. 
The weight o f pure indigo found was calculated as per 
cent of the theory.

E x p e r i m e n t s  w i t h  P o t a s s i u m  H y d r o x id e

E F F E C T  O F T IM E  O F F U S IO N  O N  IN D IG O  Y IELD — The results 
of several experiments in which the time of fusion was 
made the only variable factor, while the tem perature and 
ratio of phenylglycine-o-carboxylic acid to potassium hy
droxide remained constant, are given in Table I  and shown 
graphically in Fig. I.4

1 Chein. N ew s, 51 (1885), 255.
2 A  good review  of th e  various  m e thods fo r th e  d e te rm in a tio n  of ind igo tin  

is  given b y  B erg th erl a n d  B riggs, J . 8 oc. Chein. In d ., 2$ (1906), 729.
3 Z . F a r b e n - I n d 8 (1909), 121.
4 T h e  curves given in tHU artic le  w ere d raw n  by  M r. G . H . M ain s  of th is  

a b o ra tc ry .
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F ig . 1— F u s io n  P e r io d -Y ie l d  C u r v e

o f  C flH i( C O O II )N H .C H 2.C O O H  : K O H * = l  : 8 . 
a t u r e ,  2 7 0 °  C .)

Temper

T a b l e  I — E f f e c t  o f  V a r y i n o  F u s i o n  P e r i o d  
R a t i o  C «H «(C O O H )N H .C H j.C O O H : K O H  «  1:8 (0.03 m ? l e :  0.4 m ole).

F u s i o n  t e m p e r a t u r e  270*0.
Tim o Indigo P u r ity  of P er cent

of F usion O b ta ined Ind igo Yield of
N o. M in u te s G ram s P er cen t Theory
1 ............ 4.1415 99.02 62.7
2 10 4.3320 99.0 65.3
3 ............ 4.2980 85.2 55.9
4 ............ '  3.7£30 76.6 43.8
5 , .  . . 2.0358 46.1 17.4
6 ............ 120 0.0000 00.0 00.0

This table indicates that the maximum yield of indigo 
was obtained when the fusion was conducted fo r 10 min. 
I t  appears tha t the reaction between potassium hydroxide 
and phenyfglycine-o-carboxylic acid proceeds quite rapidly, 
so that a longer fusion period is not only unnecessary, but 
is actually detrimental so fa r  as the yield of indigo is con
cerned. In  the subsequent experiments, therefore, the op
timum fusion period of 10 min. was used.

E F F E C T  O F A M O U N T O F PO T A SSIU M  HYD RO XID E U PO N  THE

y i e l d  O F i n d i g o —The results of fusion experiments using 
different amounts of potassium hydroxide, but keeping the 
tem perature and time of fusion constant, are recorded in 
Table I I  and graphically in F ig. 2 (Curve a).

T a b l e  I I —E f f e c t  o f  V a r y i n g  A m o u n t  o f  P o t a s s i u m  H y d r o x i d e  
9 .75  g. (0.05 mole) C«H4(C O O H )N H .C H i.C O O H  used  in  each  experiment.

F usion  te m p e ra tu re  270°C . P eriod  o f fusion  10 m in .

M oles
Ind igo

O b ta in ed
P u r ity  of 

Indico
Per cent 
Yield of

N o. K O H G ram s P e r  cen t Theory
1 ........ 4 0 0 0
2 6 2.7816 61.7 26.2
3 .............. 10 5.0905 96.5 75.0
4 ............ 12 5.3695 99.6 81.6
5 5.6893 98.4 85.4
6 ............ 16 5.9396 95.8 86.S
7 ............ 20 5.9426 96.1 87.2

F ig . 2— Co n c e n t r a t io n -Y ie l d  C u r v e s

The results show that the yield of indigo increases at 
first rather rapidly with the increase in concentration of
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the potassium hydroxide until it reaches a maximum. Al
though the highest yield of indigo was obtained when 20 
moles potassium hydroxide to 1 mole of phenylglycine-o- 
carboxylic acid were used, it is nevertheless apparen t that 
practically the same yield was obtained when the molar 
ratio of potassium hydroxide to phenylglycine-o-carboxylic 
acid was 1 6 :1 , the difference between the two results being 
so small as hardly to w arrant tho use of tlm higher concen
tration of potassium hydroxide. In  the following series of 
experiments, 16 moles of potassium hydroxide to 1 mole of 
pbenylglycine-o-carboxylic acid were, therefore, used.

(Katio o f  C o H iC C O O H JN H .C H o .C O O H  : K O H  
tu r e ,  2 0 0 °  C .)

1 : 1G. T e m p e ra -

EFFECT OF T IM E  OF F U S IO N  O N  IN D IG O  Y IELD . 2 n d  S E R IE S —  

Inasmuch as the previous determinations of the optimum 
fusion period were carried out under rather unfavorable 
conditions, more especially as regards the concentration of 
potassium hydroxide (see Table 1), it seemed, therefore, 
desirable to repeat these experiments using, however, the 
optimum concentration of potassium hydroxide. The 
results of these experiments are shown in Table I I I ,  and 
graphically in Fig. 3.

T a b t b  I I I — E f f e c t  o f  V a r y in g  F u s io n  P e r io d  (2 n d  S e r i e s )
Ratio of C «H *(C O O H )N H .C H j.C O O H  : K O H  = 1 :1 6  (0.05 m ole:0 .8  m olo).

F usion  te m p era tu re  290°C.

No.
1. . .
2...
3 . . .
4 . . .

T im e Ind igo P u r ity  of P e r  cen t
of F usion O b ta in ed Indigo Y ield of
M inu te s G rom s P er  cen t T heory

10 5.0096 93.9 71.8
15 4.7240 92.7 66.8
30 4.2240 90.0 58.0
60 2.7044 86.9 35.8

On comparing the results given in Tables I  and I I I ,  it 
will be observed that in either case the maximum yield of 
mdigo was obtained when the fusion was conducted for 
only 10 min. This optimum fusion period was, therefore, 
osed in the subsequent fusion experiments with potassium 
hydroxide.

EFFECT O F T H E  TE M PE R A T U R E  O F F U S IO N  O N  Y IELD  OF

a'DiGO—The results o f fusion experiments a t temperatures 
of 240°, 260°, 270°, 290°, and 300'C. are recorded in Table 
IV and graphically in Fig. 4 (Curve a).

T a b l e  IV — E f f e c t  o f  V a r y  n o  T e m p e r a t u r e  
R atio  of C sH ^C O O H JN H .C H  j.CO O H  : K O II  = 1 : 1 6  (0.05 m o le  : 0.S m o le ) .

F usion  period 10 m in.

No.
1. . .

T em p. Ind igo P u r ity  of P e r  cen t
of F usion O b ta in ed Ind igo Y ield  of

°C. G ram s P e r  cen t Theory
70.9240 4.6726 99.4

260 6.1234 95.4 89.1
270 5.9396 95.8 86.8
290 5.0096 93.9 71.8
300 4.1872 91.2 58.8

lie acid into indigo. A t higher temperatures some of the 
indoxylic acid formed is destroyed, so that a somewhat 
reduced yield of indigo is obtained.

E x p e r i m e n t s  w i t h  S o d i u m  H y d r o x id e

E F F E C T  O F T IM E  OF F U S IO N  O N  INDIG O  Y IELD—The results 
of experiments in which tho time of heating was made the 
only variable factor are given in Table V.

T a b l e  V — E f f e c t  o f  V a r y i n g  F u s i o n  P e r i o d  
R atio  of C*Il4(C O O II)N H .C IIj.C O O H  : N aO H  =* 1 : (0.05 mole : 0.4 m ole).

T e m p era tu ro  270°C .
T im e In d igo  P u r ity  o f P e r  cen t

of F usion  O b ta in ed  Ind igo  Y ield  of
N o. M in u te s  G ram a P e r  c e n t T heo ry
 1.....................  5  0
 2 ..........................  15 1.1940 80.3 14.6
 3 ..........................  30 0
 4................... GO 0

I t  will be observed that indigo was obtained only in Expt.
2 . Temporarily adopting 15 min. as the optimum period 
and using this as a basis fo r fu rther study, experiments 
were performed in which the concentration of sodium 
hydroxide was the only variable factor. Tho results ob
tained are given in Table V I and grapliically in  Fiff. 2 
(Curve d).

T a b l e  V I— E f f e c t  o f  V a r y i n g  A m o u n t  o f  S o d iu m  H y d r o x i d e

9.75 g. C 5l l 4(C O O H )N H .C H j.C O O H  (0.05 m ole u sed  in  each  experim en t).
Fusion te m p era tu ro  270°C. P erio d  of fusion  15 m in.

Ind igo  P u r ity  of P e r  ce n t
M oles O b ta in ed  Ind ig o  Y iold of

N o. N aO H  G ram s P e r c e n t  T heo ry
 1 ..........................  10 0.2171 82.9 2.7
 2 ..........................  12 0.6506 94 .5  9.4
 3 ..........................  16 1.7763 91 .2  24.7
4 ..........................  20 2.6852 91 .9  37.7
 5 ..........................  24 3.2015 95 .9  46.9
 6 ..........................  28 4.3519 9 4.9 63.0
7 ..........................  32 4.7183 93 .4  67.3
 8 ..........................  36 4.3339 93.1 61.6

In  connection with these results, it will be observed that 
within certain limits the yield of indigo increases with the 
increase in the concentration of the sodium hydroxide, the 
maximum yield being obtained when the molar ratio of 
phenylglycine-o-carboxylic acid to sodium hydroxide is 1 :3 2 . 
This increase in the yield of indigo witli the increase in the 
concentration of alkali was also found to be true in the 
case of potassium hydroxide (see Table I I  and F ig. 2 , 
Curve a ). W ith sodium hydroxide, however, the conversion 
o f phenylglycine-o-carboxylic acid proceeds much more 
slowly than with potassium hydroxide under similar con
ditions. Although it may appear that a  much higher molar 
concentration of sodium hydroxide than potassium 
hydroxide is necessary to get the maximum yield of indigo, 
nevertheless, weight fo r weight, the difference is not very 
great, more especially as ordinary C. P . potassium 
hydroxide usually assays about 80 per cent K O H , whereas

It appears from these results that 260 °C. is the optimum 
temperature for the conversion of phenylglycine-o-carboxy- F i g .  4— F u s i o n  T E M F E R .v r n R E - Y iE r .D  O ü i î v e s
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an ordinary sodium hydroxide will assay about 95 per cent 
NaOH.

E F F E C T  O F T H E  TE M PER A TU R E ON T H E  Y IE L D  OF INDIG O —

Using the optimum concentration of sodium hydroxide al
ready determined and keeping the time constant, experi
ments were performed a t different temperatures. The 
results obtained are tabulated in Table V II  and shown 
graphically in Fig. 4 (Curve b).

T a b l e  V II— E f f e c t  o f  V a r y i n g  T e m p e r a t u r e  

R a tio  of CeH 4(C O O H )N H .C H s.C O O II : N aO H  =  1 : 32 (0.05 mole : 1.6
m oles). T im e , 15 m in.

Fusion Ind igo P u r ity  of P e r  ce n t
T e m p era tu re O b ta in ed Indigo Y ield  of

N o. °c . G ram s P e r  c e n t T heo ry
1 ......... , . ,  , 250 1.9329 94.3 27.S-
2  . . „ .........  260 3.3997 97.0 50.3
3 ____ , .  , 270 4.7183 93.4 67.3
4. , . 2SO 4.4239 92.5 62.5
5 .......... .........  290 3.6S8S 88.0 49.5

From  these results it appears that 270°C. is the optimum 
temperature fo r the preparation of indigo from  phenyl- 
glycine-o-carboxylic acid and sodium hydroxide.

d e t e r m i n a t i o n  O F t h e  o p t i m u m  t i m e —Inasmuch as the 
experiments already made in this connection were of rather 
a preliminary nature (Table V ), several additional ex
periments were performed under more favorable experi
mental conditions, more especially as regards temperature 
and concentration of sodium hydroxide. The results of 
these experiments are given in Table V II I  and graphically 
in Fig. 5.

T a b l e  V I I I — E f f e c t  o f  V a r y i n g  T i m e  o f  t h e  R e a c t i o n

R a tio  of C «II< (C O O H )N H .C H i.C O O H  : N aO H  -  1 : 3 2 .(0 .0 5  mole : 1.6 
m oles). T e m p e ra tu re , 270°C.

T im e Ind igo P u r i ty  of P e r  ce n t
of F usion O b ta in o d Ind igo Y ield  of

N o. M in u te s G ram s P e r  ce n t T heo ry
1'....... . . 10 4.0416 95.5 58.9
2 . ......... 15 4.71 S3 93.4 67.3
3 ............ 30 5.5022 82.5 69.3
4 ............ . . 60 4.8816 85.9 64.0
5 ............ 120 2.7649 86.8 36.6
6 ............ 150 2.4566 84.9 31.8

F i g . 5 — F u s i o n  I ' k i u o d - Y i k u )  C u r v e  
( R a t io  o f  Q jH i( C O O H ) N H . C H j.C O O H  : N a O H  =  1 : 3 2 . T e m 

p e r a t u r e ,  2 ( 0 °  C .)

From  these results it can be seen tha t the maximum yield 
of indigo was obtained when the experiment was conducted 
for 30 min. A longer period was not only unnecessary but 
quite undesirable.

Inasmuch as the results obtained seemed to be a t variance 
with those of Levinstein,1 several experiments were carried 
out following the procedure suggested by Levinstein. How
ever, all of the experiments gave negative results, no indigo 
at all being obtained. This result was to be expected, con
sidering the low proportion of sodium hydroxide to the 
phenylglycine-o-carboxylic acid and the long heating period 
(See Tables V I, VTTI, Fig. 2, Curve d, and Fig. 5).

11.oc. clt.

E x p e r i m e n t s  w i t h  M i x t u r e s  o f  P o t a s s i u m  a n d  S o d iu m  

H y d r o x i d e s

In  view of the fact that somewhat better yields o f indigo 
were obtained with potassium hydroxide than with sodium 
hydroxide, experiments were carried out with different 
mixtures of these two alkalies, in the hope of getting higher 
yields o f indigo than were obtained with the pure alkalies. 
The results of two series of experiments utilizing two dif
ferent mixtures o f potassium and sodium hydroxides are 
given in Table IX , and are illustrated graphically in Fig. 
2, Curves b and c.

T a b l e  IX — E f f e c t  o f  V a r y i n g  A m o u n t  o f  A l k a l i  M i x t u r e

9.75  p. (0.05 m ole) of C iH <(C O O H ).N H .C lfI.COOTI w ere u sed  in  each experi
m e n t. F usion  te m p era tu re , 270“C . P eriod  of fusion ,’ 10 min.

M oles Ind igo  P u r i ty  o f P er cent
of A lkali O b ta in e d  Ind ig o  Yield of
M ix tu re  G ram s P e r  ccn t  Theory

N o  2 K O H  : 1 N aO H
' l . ‘. ....................... 6 2 .6684 44.2 18.0
 2 .....................  8  2 .8620 91.5 39.9
 3........................  10 4.2516 93.6 60.8
 4 ..........................  12 4.4625 96 .6  65.9
 5 ..........................  14 5.1433 96 .3  75.6
 6 .....................  20 5.5912 95.7 81.6

1 K O H  : 1 N aO H
 1.................... 6 0.6547 34.2 3.4
 2 .....................  S 1.5867 22.1 5.3
 3 ..........................  10 3.5805 46.4 25.3
 4 ..........................  12 4 .6374 76.3 54.«
5  ..........................  20 4.8853 98 .4  73.3

I t  will be noted from  the results given in  these tables 
that, while the aim was not entirely realized, nevertheless 
much better yields were obtained than with sodium hydroxide 
alone under similar conditions. However, inasmuch as the 
results indicated that the yield of indigo obtained is a func
tion of the quantity of potassium hydroxide present in the 
alkali mixture, no further experiments were carried out 
along this line.

S u m m a r y

A study of the fusion of phenylglycine-o-earboxylic acid 
with potassium hydroxide, sodium hydroxide, and various 
mixtures of these two alkalies has been made, and the 
optimum conditions fo r carrying out this reaction have 
been determined.

The results of the experiments with potassium hydroxide 
as the condensing agent indicate that 260 °C. is the optimum 
fusion temperature, 10 min. the optimum fusion period, and 
12 to  16 moles potassium hydroxide to 1 mole phenyl- 
glycine-o-carboxylic acid, the optimum fusion mixture.

Using sodium hydroxide as the condensing agent, 270°C- 
has been found to be the optimum temperature, 25 to 30 
min. the optimum time, and 28 to 32 moles sodium 
hydroxide to 1 mole phenylglycine-o-carboxylic acid the 
optimum mixture.

Potassium hydroxide has been found to give higher y i e l d s  

of indigo than sodium hydroxide.
Mixtures of these two alkalies give better yields of indigo 

than sodium hydroxide alone, the yield increasing with the 
increase of the ratio o f potassium hydroxide with respect 
to the sodium hydroxide.

The zinc dust produced in the United S tates in 1920, 
as reported to the U. S. Geological Survey by 12 plants, 
showed an increase in 1920 as compared with 1919 of 
over 70 per cent, in both quantity  and value.

ZINC DUST PRODUCED IN 1919-1920
V a lu e  Averaire

Q u a n ti ty  B ased
S h o r t o n  p e r  Lbs

T o n s Sal-’s  Cents
1919 n OP re p a re d  “ b lu e  p o w d e r”   4,083 $801,366 9.8

“ A tom ized* ' z in c  d u s t .................   2,515 524,694 10.4
1920

P re p a re d  “ b lu e  p o w d e r’*  9,066 $2,009,117 . 11*1
“ A tom ized*’ z inc  d u s t ..................  2,273 512,833 H *3
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The Electrolytic Production of Sodium and Potassium Permanganates 
from Ferromanganese1,2

By Robert E. Wilson, W. Grenville Horsch, and Merrill A. Youtz 
K e s e a h c h  L a b o b a t o b y  o p  A i t l i e d  C n u M i s m y ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,  C a m b i u d o e ,  M a s s a c i i u s e t t s

This paper deals with the form ation of permanganates 
by the electrolytic method, ill which bars of ferromanganese 
serve as anodes in a solution of sodium or potassium 
carbonate or hydroxide. The manganese is oxidized to the 
heptavalent state, form ing perm anganate directly in solu
tion.

The experiments herein recorded owe their origin to the 
demand which arose during the war fo r a very pure grade 
of sodium permanganate. Of the possible methods of 
producing sodium permanganate, this electrolytic method 
undoubtedly is the one best adapted to yield the chemically 
pure salt directly, since the only soluble contaminating 
substance is carbonate (or hydroxide) and this is destroyed 
in the course of the electrolysis, which may even be corned 
to the point of form ing permanganic acid. This is an 
im portant consideration in view of the difficulty of p u rify 
ing sodium perm anganate made by the customary chemical 
methods.

A brief summary of the investigations carried out by the 
authors during the war has already been published.0 Since 
then, the authors have been interested to extend the study 
of this process in  two respects—first, to study, fu rther the 
production of sodium perm anganate in order to  determine 
the optimum conditions more precisely and, if  possible, to 
eliminate certain difficulties in its technical application, 
and, second, to make a  careful comparative study of the 
process as applied to the production of potassium per
manganate. Incidentally, many of the previous sodium 
permanganate experiments have been repeated in order that 
directly comparable results might be obtained with the same 
anodes. Both carbonate and hydroxide solutions were used 
as anolytes. A total of more than one hundred and eighty 
carefully controlled runs were made, each run  having a 
duration, on the average, of 5 lire. A few runs were made 
which lasted continuously from 7 to 10 days.

Very little work has been published on the production of 
perm anganates electrolytically from  ferrom anganese. A 
bibliography up to 1919 is given in an article by Thomp
son,4 who produced potassium perm anganate in a  350-amp. 
cell which showed a curren t efficiency in K2CO3 anolyte of 
about 17 per cent a t 40°. A higher efficiency would have 
been obtained w ith better diaphragm s. The anodes used by 
Thompson contained 75 per cent Mn, 16.7 per cent Fe, 6.1 
per cent C, and small amounts of Si and P , and did not 
show passivity under the conditions mentioned. A t tem
peratures much above 40°, an insulating coating of oxides 
formed which prevented the production of permanganate. 
Thompson believes that the anodic behavior, as regards 
formation of insulating scale, is affected by small changes 
in the relative amounts of iron and manganese in the anode.

While this m anuscript was being prepared for publica
tion, an article by Henke and Brown5 appeared. These 
authors worked with hydroxide electrolytes exclusively, and 
their experiments differed from those by the present authors 
in that 110 diaphragm was used and calcium hydroxide was 
added to the sodium hydroxide electrolyte. The calcium 
hydroxide apparently  formed a film over the platinum 
cathode which acted as a diaphragm. Their experiments

1 R eceivod Ju n e  22, 1921.
* P ub lished  as C o n trib u tio n  N o. 39 from  th e  R esearch  L a b o ra to ry  of 

A pplied C h em is try  of th e  M assa ch u se tts  In s ti tu te  of Technology.
* W ilson and  H orsch , T rans. A m . Electrochcm. Soc., 35 (19Í9), 371.
* Chem. M et. E ng ., 21 (1919), 6S0.
l J .  P hys. Chem., 24 (1920),- 60S.

showed that the current efficiency increases with the current 
density and diminishes with rising temperature, and that 
the curve of current efficiency against base concentration 
has a decided minimum.

A p p a r a t u s

Except as othonvisc noted, the electrolyses wero carried 
out in a cell which consisted of a cylindrical glass ja r  (12.5 
cm. in diam eter by 15 cm. h igh), containing w ithin it  a 
porous porcelain cup (5 cm. in diameter by 12.5 cm. high) 
which served as a diaphragm . In this cell were placed the 
two electrodes, the cathode (of 16-gage sheet iron, 3 cm. by 
15 cm.) being within the cup, and the ferromanganese anode 
standing in the ja r  outside, and about 3 cm. away from 
the cup. The freshly cast anodes had the dimensions 2.5 
cm. square by 15 cm. in height. Electrical contact with the 
anode was made by clamping a strip  of brass, carrying a 
binding post, against a freshly ground surface near the top.

Several cells (usually six) were operated simultaneously, 
being connected in series across a source of direct current. 
The circuit also contained an ammeter, a  copper coulometer, 
and a rheostat. Provision was made for connecting a volt
meter across any individual cell. Readings of these several 
instruments furnished the electrical data.

The tem perature of each cell was determined by reading 
a mercurial thermometer placed in the anolyte not fa r  from 
the anode. In  most of the experiments the tem perature was 
controlled by placing the whole row of cells in a  long water 
bath maintained at a  tem perature somewhat below that 
desired within the cells, and by inserting in each anolyte a 
cooling coil made of glass, the flow of w ater through which 
could be adjusted to compensate for irregular heating in 
any particular cell.

P r o c e d u r e

A typical electrolytic run was conducted in the following 
m anner: Each of the cells o f a series was filled with
anolyte, the porous cups filled with catholyte and placed in 
the respective cells, the electrodes inserted, and electrical* 
connections made. This was done as rapidly as possible, 
and the circuit was closed immediately afterw ard in order 
to avoid inter-diffusion o f anolyte and catholyte, which 
usually differed from each other in composition. During 
the run, the electrolyte was stirred occasionally, and the 
tem perature was observed immediately thereafter. The flow 
of cooling water was adjusted to keep the tem perature con
stant within 3° or 4°C. The current was kept constant 
throughout the run  to within about 1 per cent. The usual 
length of run was 5 hrs. A t the conclusion of the electrol
ysis the anodes, cooling coils, and porous cups were re
moved, and the adhering anolyte was washed into the main 
solution with distilled water. The catholyte always was 
discarded, and care was taken to avoid getting any of it into 
the anolyte.

In  cases where the “ m ateria l” efficiency of the anode 
was to  be determined, the weights of the anode before and 
afte r the run were obtained. To insure uniform  conditions, 
the anode was treated afte r each electrolysis with a  2 per 
cent solution of acetic acid containing sufficient hydrogen 
peroxide to cause the rap id  removal of the manganese 
dioxide coating. The anodes were kept in this solution just 
long enough to give a clean, metallic surface, a fte r whieh 
they were rinsed with water and dried a t 100°.

The gain plates of the copper coulometer were washed
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first with distilled water, then with alcohol, dried by burn
ing the latter, and weighed. The gain in weight gave an 
accurate measure of the quantity of electricity passed 
through each cell.

The am ount of perm anganate produced during the run 
was obtained by a calculation based on the total weight of 
the anolyte and the analysis of a  weighed sample of the 
latter. In  order to obtain a  sample which was representa
tive, the anolyto was stirred thoroughly and allowed to 
stand fo r about 30 min. A fter the small amount o f sludge 
liad settled, the sample was pipetted from the clear super
natant solution.

The method of analyzing for perm anganate was to wash 
the weighed sample (about 2 g.) into a  300-cc. flask, dilute 
to about 100 cc., acidify with glacial acetic acid, add an 
exccss of potassium iodide solution, and titra te  with sodium 
thiosulfate, using starch as an indicator. In  base solutions 
where some iuanganate undoubtedly was present with the 
permanganate, the calculation was still made in terms of 
permanganate.

The total base content was determined in another sample 
by adding an excess of standard sulfuric acid, and a slight 
excess of hydrogen peroxide to reduce the permanganate, 
afte r which a  titration was made w ith standard sodium 
hydroxide solution using methyl orange indicator. A blank 
test of the acidity of the hydrogen peroxide was made, 
and the amount of acid used up during the reduction of the 
perm anganate by the II.O .1 was, of course, taken into con
sideration in the calculation.

-  4* 4* 4*
* 2M nO < 4-5H tO j 4-6H  - 2 M n  4 -50*+ 8 H * 0 .

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

g e n e r a l  d i s c u s s i o n —The main reaction which takes 
place in  the cell as a  whole may be represented by the 
equation;

M n-f 0 IH -3 H .0 =•MnO<+ j H.
This is accompanied by the passage of 7 faradays of elec
tricity. A t the cathode the only reaction is the evolution 
•of hydrogen.

In  addition to the oxidation of Mn to M n04, a number 
of other reactions always take place a t the anode. The 
principal side reactions are the formation of oxides of 
manganese, iron, and perhaps silicon and carbon, and the 
evolution of oxygen. (In  strongly alkaline solutions some

MnO< is also formed.) The mixture of the three metallic 
oxides is deposited as a sludge. Considerable oxygen was 
evolved in  all the runs made.

The current used up in these side reactions represents the 
degree of inefficiency of the process. There is little chance 
of being able to oxidize the manganese of the anode without 
simultaneously oxidizing its other constituents. Conse
quently, the losses might be divided into two classes—those 
theoretically avoidable and those probably unavoidable. 
The evolution of oxygen and the formation of manganese 
dioxide belong to the form er; the other side reactions men
tioned, to the latter. In  this paper, however, the calcula
tion of the current efficiency is based on the assumption 
that the passage of one faraday would produce, in a  perfect 
electrolytic process, one-seventh of a  mole of piermanganate.

Current efficiency is influenced mainly by variations, in 
four factors, namely, anode composition, electrolyte, tem
perature, and current density. These are considered below 
in the order named. Besides the current efficiency, the cell

voltage, material efficiency of the anode, and the energy 
consumption per unit weight of product also are influenced 
by these four factors. The voltage, and consequently the 
energy consumption, may be affected somewhat by the ma
terial of which the cathode is composed, as a  result of the 
change in hydrogen overvoltage thereby produced. This 
effect is relatively small, however, and practical considera
tions limit the choice to iron.

M aterial efficiency is taken as the per cent of anode 
manganese which is converted to permanganate. This 
quantity is not easily determined with precision, owing to 
the difficulty of reproducing the same anode conditions be
fore and after a run, fo r the purpose of obtaining the loss 
in weight. Thus, there is 110 way, apparently, o f removing 
the coating which always collects on tho anode without also 
removing a small amount of the metal; sometimes solution 
is absorbed by the anode as a result of its porosity, and 
this changes its apparen t weight on drying; finally, even 
with physical conditions at their best, there exists the 
mathematical disadvantage that the difference between 
initial and final weights was in the neighborhood of 1 g., 
while the weight o f the anode itself was about 800 g., so 
that errors of weighing were highly magnified.

In  spite of these difficulties, however, fairly  concordant 
values were obtained by treating the anode afte r each run 
in the manner described above. The results obtained in 
carbonate solutions showed better concordance than those 
in base solutions.

e f f e c t  O F ANODE c o m p o s i t i o n — The anodes used in 
these experiments were made by casting ferromanganese in 
graphite molds, the eastings being cooled slowly over a 
period of 15 hrs. by burying them in asbestos-magnesia 
powder while they were still a t a red heat. Unless this 
precaution was taken, the castings cracked spontaneously. 
Using this method, however, it was found possible to cast 
alloys containing manganese to the extent o f 95 per cent.1

The most im portant variable in the composition of the 
anode is the ratio of manganese to iron present. The effect 
of varying the manganese content of the ferromanganese 
was studied in this laboratory,1 electrolyses being conducted 
with anodes containing from  60 to 94 p er cent manganese. 
The anolyte wras 12 per cent sodium carbonate solution 
(previously found to give about the optimum results), and 
the catholyte was 8 p e r cent sodium hydroxide solution.
T a b l e  I — E f f e c t  o f  V a r i a t i o n s  i n  A n o d e  C o m p o s i t i o n  o n  C u r r e n t  

E f f i c i e n c y , V o l t a  o h , a n d  E n h r o t  C o n s u m p t i o n
In it ia l  ano ly to , 12 p e r  ce n t (1 .3 ¿If) N ajQ O j so lu tion .
T e m p e ra tu re , 25° C .
C u r re n t d en s ity , 10 n m p ./sq .d m .

  C o n s titu e n ts  of A node • C u r re n t E n e rg y  Con-
P o rc o n t  E fficiency  Cell sum p tion

M n Si C  F.e P e r  ce n t V o ltage  K w .H r.-K g .
60.2 2.07 5.86 31.8 10.34 5.63 71.9
70.4 1.88 4 .93  22 .8  28.0 5.84 27.6
75.3 0.64 5.98  18.0 34.0 5.98 23.2
80 .4  l.$ 2  3.53 14.4 38.7 5.93 20.3
89.2 1.43 2.65 6.7 , 45.3 5.57 16.2
94 .4  0.68  5.08 0 .0  50.1 6.18  16.3

The current density was 9 to 10 amp. per sq. dm .; tempera
ture, 25°C.; the results are given in Table I  and are shown 
graphically in F ig  1. I t  will be noted from the table that 
the percentages of silicon and of carbon are nearly the 
same in all the electrodes, the small differences probably 
being insufficient to produce a noticeable effect on the 
results. The percentage of iron, therefore, increased as that

* T h e  ca stin g  process consisted  s im p ly  in  h ea tin g  th e  alloy  in  a  g raph ite  
crucib le  in  an  elec tric  fu rnace  of th e  re s is ta n t ty p e  an d  pou rin g  th e  m e lt d irec tly  
in to  th e  open  m old . F o r  th e  2 .5  cm . X  2 .5  cm . X  15 cm . electrodes, no scaven
ger w as necessary . I n  o rd er to  c a s t largo b ars  (4  cm . X  12.5 cm . X  100 era.) 
of 80 p e r  c e n t m an g an ese  c o n ten t. D r. C . J .  F in k  (who gave  ass is tance  in  this 
p h ase  of tho  w a r  problem ) show ed th a t  i t  w as necessary  to  em p loy  a lum inium  
a s  a scavenger d u rin g  tho  m olting  a n d  also  ju s t  befo re pouring .

•T h e s is  b y  A . J . H artso o k , M . I . T .,  1920.



Sept., 1921 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R IN G  C H E M I S T R Y 765

salts which hydrolyze to give a  basic reaction. Thus, in 
some unpublished work by Dr. B. F . Lovelace a t Johns 
Hopkins University, it was found that with sodium acetate 
solution a current efficiency of 32 per cent could be ob
tained. Borax solution gave 35 per cent and disodium 
phosphate 22 per cent. Using ammonium carbamate solu
tion, the authors were able to obtain fa ir  yields provided 
the temperature was kept low (around 10°C.). A t room 
temperature, ammonium permanganate decomposes rapidly.

In  the practical production of sodium or potassium per
manganate, it is desirable to use the solution of a salt, the 
anion of which will be eliminated automatically, if  possible, 
in the ordinary course of the electrolysis. This may be 
accomplished by employing the carbonate or hydroxide of 
the alkali metal, which also has the advantage of being 
cheaper than any of the other possibilities. The present 
work is concerned chiefly with experiments with these two 
species of solution.
T a b l e  I I — R e l a t i o n  o f  C u r r e n t  E f f i c i e n c y ,  C e l l  V o l t a g e ,  a n d  E n e r g y

C o n s u m p tio n  t o  t h e  C o n c e n t r a t i o n  o f  C a r b o n a t e  i n  t h e  A n o l y t e  
T e m p era tu re , 2 5 °C ., C u rre n t den sity , app rox ., 7 .5  a m p ./ rsq .d m .

Per Cent M n
F ig . 1— S h o w in g  r e la t io n  o f  ce ll v o ltag e , c u r r e n t  efficiency, a n d  

en e rg y  co n su m p tio n  to  m a n g a n e s e  c o n te n t o f f e r ro m a n g a n e s e  ano d e . 
T e m p e ra tu re , 2 50  C . I n i t i a l  a n o ly te , 12 p e r  c e n t N a^C O ^ so lu tio n

of manganese diminished. The ratio of manganese to iron 
in the anode has a marked effect on the current efficiency, 
the la tter increasing with increase in this ratio, as would 
be predicted. An experiment with spiegel iron (about 40 
per cent 3\In) showed practically zero yield of per
manganate. The effect on cell voltage is small. There is, 
however, a definite upward trend in the voltage curve with 
increase in the manganese content. Since the dilution of 
manganese with iron ought to decrease rather than increase 
the tendency of the manganese to fonn permanganate, the 
slight increase in cell voltage as the manganese content in
creases appears to be due to a change in overvoltage. The 
increase in current efficiency, then, apparently  is due to the 
combined effect of two factors, viz., the higher concentra
tion of manganese in the anode and the higher oxygen over
voltage.

The highest concentration of manganese which is readily 
obtainable commercially is 80 per cent. H igher concentra
tions are occasionally obtainable, but usually recourse must 
be had to the expensive “ therm it ” process. The additional 
cost for, say, 95 per cent manganese as against 80 per cent 
would more than offset the gain in production, for, although 
the current efficiency increases from  40 per cent to 50 per 
cent, the energy consumption is reduced only from  20 to 18 
kw.hr. per kg.

Besides being more costly, the alloys of high manganese 
content have the mechanical disadvantage of being much 
more brittle. Hence, commercial ferromanganese was em
ployed in the present investigation (except fo r the work 
by Mr. H artsook ju s t described), the composition being 
approximately

P e r  ce n t
M n ..........................................................75
F e ............................................................. 16.2
S i.............................................................  2.3
C ..................................(by  difference) 6.5

A small amount o f work also was done to show the effect 
of adding other metals to the ferromanganese. The addi
tion of a small percentage of copper had an unnoticeable 
effect on the current efficiency. Cobalt, when present to the 
extent of 1 or 2 per cent, reduced the efficiency practically 
to zero.

e f f e c t  o f  a n o l y t e  c o m p o s i t i o n ; —In general, it may be 
stated that suitable initial anolvtes are the solutions of any

A verage C one. 
M oles C arb o n a te

C urrent.
E fficiency Coll

E n e rg y
C onsum ption

per L ite r P e r  cen t P e r  ce n t V oltago K w .H r.K g .

0.28 2.88
N aM nO «

35.5 15.3 57.0
1.10 10.50 32.7 10.0 40.5
1.50 14.1 30.3 8.4 36.6
2.11 18.4 28.5 7.9 ' 36.7

0.30 4.07
K M nO<

36.1 12.2 * 46.5
0.60 7.97 31.3 8.7 33.0
1.55 18.25 28.3 6.3 26.4
2.34 25.9 31.2 5.9 22.4
2.81 29.95 28.5 5.4 22.5
3.26 33.5 29.3 6.1 24.7
3.87 3S.3 19.8 6.1 36.5
5.48 49.3 13.2 7.1 63.8

F i g .  2 — V a r i a t i o n  or C u r r e n t  E f f i c i e n c y ,  V o l t a g e ,  a n d  E n e r g y  
C o n s u m p t i o n  w i t i i  C o n c e n t r a t i o n  i n  P o k e  C a r b o n a t e  A n o l t t e . 
T e m p e r a t u r e , 2 5 “ C . C .D ., 7 .5  A m p . p e r  S q . D m .

* T h e  c u r re n t d e n s ity  in  ru n sfreco rd ed  in  th is  a n d  th e  follow ing section  
w as e s tim a te d  o n  th e  assum ption  th a t  th e  f ro n t face a n d  one-half th e  tw o  
s id e  face s  of th e  anode w ere ac tiv e . In  o th e r  w ords, w ith  a n  an o d e  of sq u are  
cross section , tho  ac tiv e  su rface w as ta k e n  as  ap p ro x im ate ly  tw ice th e  su b 
m erged  area  of th e  face to w ard  th e  ca th o d e . *VFhis w as ju s tified  b y  th e  a p p e a r
ance  of th e  anode a fto r electrolysis. W hile th is  m e thod  of ca lcu la tionxm ay  
n o t be  v e ry  ac cu ra te , i t  does n o t a l te r  th e  relative m a g n itu d e  of resu lts.
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M o /3  N a O H p e r L i t e r
F i g .  3 — C u r r e n t  E f f i c i e n c y  i x  Somi'M 11 vnnoxinn A n o l y t e s  o f

V a k i o u s  C o n c e n t r a t i o n s  C o n t a i n i n '«  V a i i i u p h  A m o u n t s  o f
S o d i u m  C a r b o n a t e . C i k c m ' h  .V i'.M itK its  I n u i o a t k  M u t .A i ,  C o n 

c e n t r a t i o n  o p  C a u b o n a t k . T k m i -k u a t u i i e ,  - - °  t o  i o “  C .

Tlio effect of varying the concentration oT pure carbonate 
anolytes is shown by the results given in Table I I ,  which 
are also presented in graphical form in Fig. 2.1

Although the results with potassium carbonate are not 
as uniform as could be desired, there is no doubt about the 
general character of the curves. The variations in voltage 
between the different solutions arc due almost entirely to 
the variations in their conductivity. Thus, potassium 
carbonate always has a higher conductivity than a solution 
of sodium carbonate of the same molal concentration, and 
potassium carbonate solutions have a maximum of con
ductivity a t about 3.1 molal, wh'ch agrees fairly  well with 
the location of the minimum of the vo'tage curve in Fig. 2. 
I t  should bo noted that for minimum energy con=umpiion at 
25°C., one should employ 2.1jl/ carbonate solutions. This 
is practically saturation for sodium carbonate. The energy 
consumption was calculated in each case from the actual 
voltage and the corresponding current efficiency as taken 
from the curve.

I t  was found that the carbonate electrolyte (as compared 
with the hydroxide) gives the purest product— uncon- 
taminated with manganate— at the best efficiencies and for 
the least expenditure of power. Hence, this electrolyte is 
recommended for technical operation.

The results with hydroxide anolytes, on the other hand, 
show clearly why such solutions are unsuited to technical 
operation, and exhibit phenomena which arc very in tercst- 
ing from  a purely electrochemical viewpoint. W ith concen
trations of sodium hydroxide solutions ranging from about 
0.13/ to SM, i t  was found that the current cfftciencv-con- 
centration curve passed through a sharp minimum5 a t  about
0.52f when the current density was 7.5 amp. per so. dm. 
A series of experim ents3 in which the gas evolved a t the 
anode was measured and analysed showed that the low 
efficiency near the minimum was due to n greater p ropor
tion of the current going to oxygen evolution. I f  carbonate 
was px-esent in  addition to hydroxide, the onlv effect on this 
curve was to raise it as a whole without changing i*s general 
V-shape. The amount of raising was greater the higher

1 See second  co lum n , p a p c  765.
2 In  s im i la r  e lec tro ly se s  w h e re  an o d e s  o f  fe rro c h ro n 'u ^ n  v e r e  c - r a s H .  

to  chrom ic ac id  in  a lk a lin e  so lu tion  a  s im ila r m in im um  wiuj fov.nrl a t  ce rta in  
concen tra tions  of hydroxide . (U npublished  thesis  b y  R . R . R ldgw ay, M . I .  T ., 
1920.)

3 T h e sis  b y  M . M . W h ita k e r ,-M . I .  T ., 1920.

the carbonate concentration. This is brought out by Fig. 3, 
plotted from the data of Table I I I .  These V-shaped curvcs 
were obtained with potassium as well as sodium hydroxide, 
the curvcs for the respective hydroxides being nearly, hut 
not exactly, coincident. I t  seemed probable, therefore, that 
the effect was due to conditions brought about by the 
hydro\yl-ion concentration ; and the results have been 
plotted accordingly with O il concentrations as abscissae. 
The OH concentration was calculated from the degree of 
dissociation based on conductivity data. Fig. 4 shows the

T A B i.n  I I I — C u r r e n t  E f f i c i e n c y  i n  S o d iu m  H y d r o x i d e  A n o l y t e s  or 
V a r i o u s  C o n c e n t r a t i o n s *  a n d  C o n t a i n i n g  V a r i o u s  A m o u n t s  or 
S o d iu m  C a r b o n a t e .  T e m p e r a t u r e  22® t o  2 6 °C .

I n i t i a l  A n o l y t e I n i t i a l  A n o l y t h
M oli\s M ol s M oles M oles

N a jC O i N a O lI C u rre n t N asC O j N a O lI C u rre n t
por per E flu  ieney per p e r K ilieiency

L ite r I . ite r P e r  ce n t l! ite r L ite r P e r  cen t
0 .2 5 22 . G ' 0 .1 3 32. ft
o .r . i 7 .1 0 .3 1 2 6 .8
1 .0 4 1 6 .6 0 .5 2 1 5 .6

0.3 1 .6 0 2 2 .0 1 .0 4 2 3 .5
2 . IS 2 6 .1 1 .5 9 26 3
0 .3 S 1 4 .7 2 .1 0 2 7 .8
0 .4 9 6 .9 0 .3 3 2 8 .7
0 .6 3 6 .9

1 .3
0 .T 3
0 .G6

.7 .4
1 6 .6

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

0.7 1 .5 9 2 3 .8 0 .4 7 2 4 .0
2 .2 5 2 7 .3 0 .T 3 1 5 .6
0 .3 6 1 7 .2 1 .04 2 7 .2
0 .5 1 1 0 .9 J 1 .C0 2 9 .3
0 .6 5 1 2 .8

0 .1 3 3 3 .8
0 .1 5 3 3 .2 0 .2 5 2 9 .3
0 .2 8 3 1 .7 0 .5 1 2 3 .1
0 .51 2 3 .6 .  1 .0 4 2 6 .4
1 . 0 0 2 4 .4 l . . r 9 2 7 .7
1 .C0 2 6 .9 i.e 2 .1 4 2 6 .9

1 .0 2 . CO 0 8  3 0 .3 6 3 1 .8
0 .1 3 35 .1 0 .5 1 2 3 .7
0 . 2 "> 32 4 0 .6 5 19 .9
0 .5 1 19 S 1 .06 2 9 .2
1 .0 4 2 4 . ft 1.C2 3 1 .5
1 .58 2 6 .7 2 .1 9 3 2 .8

< 2 .0 9 2 S .3

• Tn these  ex p e rim en ts  th e  so d irm  hvdrox ido  eon ler.t w as n o t m ain ta ined  
c o n s ta n t d u iin g  o ru n  a s  i t  w as iu  th e  expe rim en ts  of T a b le s  IV  a n d  V.

F i n .  4 — C u r r e n t  E f f i c i e n c y  v s .  O II - io n  C o n c e n t r a t i o n  f o r  D o t h  
N aM n C *  a n d  K M nO * P r o d u c t i o n  i n  P u r e  H y d r o x id e  E l e c t r o 
l y t e s .  T e m p e r a t u r e ,  2 5 °  C. C .D ., 7 .5  A m p .  p e u  S q . D m .
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results for pure sodium and potassium hydroxides. The 
two sets o f data fo r this curve are given in Table IV. In  
each run, the hydroxide concentration was kept sensibly 
constant by adding the proper amount of concentrated 
caustic solution a t small, regular lime intervals (about 20 
min.). The impossibility of accomplishing this accurately 
is probably responsible for the unusually large deviations 
observed in these experiments.

Certain theories as to the fundamental cause of the 
minimum point and peculiar shape of these curves arc 
being tested out, and will probably form the basis of a later 
article.

T a b l e  I V — R e s u l t s  o f  E x p e r i m e n t s  w i t h  P u r e  H y d r o x i d e  S o l u t i o n s  
a s  A n o l y t e s

T e m p era tu re— 25° C.; cell cu rren t— 5 am p .; c u r re n t d en s ity — 7,5 a m p ./s q . dm
6 o *2 Ütf g ti« ?  o
Soil § el 1 el C*r*

V .'Sc »-3O 5 ~c  ̂ c
c5’o Ü î» r: c *3.£ p e

Q> ® •-
ESSiS

>’C^ o H i
O g 
>tr o

«
— O  c.O

K*
" oO

t o a 
o

IvMnO<
0.345 1.43 0.26 0.858 0.22 21.2 10.0 55.8 61.0
0.447 1.45 0.26 0.858 0.22 27.9 9.7 41.2 65.6
0.317 2.16 0.39 0.830 0.32 19.4 7.9 48.3 56.6
0.317 2.25 0.40 0.830 0.33 19.6 8.4 50.8 56.7
0.234 3.12 0.57 0.804 0.46 14.5 6.2 50.8 53.5
0.141 3.21 0.59 0.802 0.47 9.0 6.7 8S.3 48.6
0.123 3.53 0.65 0.797 0.52 7.4 6 .? 99.3 100 - f ,
0.170 3.8S 0.71 0.790 0.56 10.3 5.9 67.9 51.3
0.202 4.24 0.77 0.7S0 0.60 13.4 5.4 47.8 79.4
0.177 4.77 0.90 0.765 0.69 11.2 5.3 56.2 52.6
0.170 5.20 0.90 0.7 60 0.73 11.9 5.1 50.8 86.2
0.255 6.97 1.35 0.718 0.97 15.0 5.1 40.4 48.7
0.304 7.19 1.38 0.716 0.99 22.0 5.3 28.6
0.269 7.25 1.40 0.715 1.00 20.0 5 .6 33.2
0.281 7.36 1.41 0.715 1.01 20.5 5.3 30.7
0.435 8.48 1.64 0 .695 1.14 27.3 4 .4 19.1 72.6
0.510 8.67 1.68 0.688 1.16 30.5 4.3 16.7 83.6
0.381 12.25 2.48 0.622 1.61 27.0 4.1 18.0 91.5

NaMnO<
0.352 1.17 0.295 0.802 0.237 23.2 10.5 59.8 68.5
0.205 2.24 0.572 0.763 0.437 13.8 7.3 70.0 78.4
0.120 2 .S2 0.73 0.742 0.541 7.16 6.9 127.5 70.0
0.187 3.52 0.915 0.713 0.653 13.0 5 .8 59.1 61.4
0.219 5.OS 1.34 0.670 0.898 15.6 5.3 44.9 69.3
0.221 5.46 1.45 0.660 0.960 14.7 5.0 45.0 65.2
0.269 5.6-1 1.50 0.655 0.984 21.9 5.3 32.1
0.304 6.83 1.85 0.610 1.13 20.3 5.0 32.6 74.6
0.279 7.83 

so,—————
2.13 0 .585 ' 1.25 21.5 4.7 29.0 76.0

I
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F i g .  5— V a r i a t i o n  o f  C u r r e n t  E f f i c i e n c y ,  A’o l t a g e  a n d  E n e r g y  
C o n s u m p t i o n  w i t h  T e m p e r a t u r e .  A n o l y t e s  : KsCOi, 14 P e r  
c e n t ,  N a i C O j ,  12 P e r  c e n t ;  C . D., C t o  9 A m p .  p e r  Sq . D m .

e f f e c t  o f  t e m p e r a t u r e — The effect of variation in  tem
perature upon current efficiency, voltage, and energy con
sumption is shown graphically in the plot in Fig. 5 (data 
in Table V ). These experiments were made with carbonate 
solution (K ,C 03 and NaijjpO,) fo r anolyte, since carbonate 
was found to be the best anolyte fo r commercial use, and 
gave no peculiar variations as did hydroxide solutions. All

the runs were of 5 hrs. duration, w ith an anodic current 
density of 6 to 9 amp. per sq. dm. Each result in the 
table represents the average for six  cells in series, except at 
-10° where three cells were operated fo r NaMnO, and three 
for KMnO,. The anolyte concentrations were 14 and 12 
per cent potassium and sodium carbonate, respectively. The 
variation in current density was due to differences in size 
of electrodes. As will be seen later, variation of current 
density between these limits has little effect on current 
efficiency.

T a b l e  V — R e s u l t s  o f  E x p e r i m e n t s  a t  V a r i o u s  T e m p e r a t u r e s
C ell cu rren t— 5 am p .; cu rren t d en s ity — 6 fco 9 a m p ./s q . dm .

A nolyto
I 4 % K j C O i

C u rre n t E o e rg y M  a tc ria l
Tom p. Efficiency Cell CoDsuroDtion Efficiency

PC. P e r  cen t V oltago K w .H r./K g . P e r  cen t
10 36.4 7.2 21.3 86.8
20 33.9 6.5 22.1
30 27.0 5.8 24.2
40 24.8 5.9 27.9 7Ô!è
50 14.9 5.4 36.3
20 35.9 8.6 32.7

27.5 30.5 8.3 35.4 57.0
30.5 30.7 9.8« 36.3 68.2

40 26.7 7.5 42.4 67.6

1 2 % N a j C O *

* E x cep tionally  high for som e unknow n  reason  an d  hence n o t p lo tted .

I t  will be noted that both current efficiency and cell 
voltage are reduced as the tem perature increases. The cell 
voltage is lower chiefly because of the lessened resistaiv 
of the solution, but the oxygen overvoltage is also less a' 
high temperature. This latter lowering and the more rapi 
decomposition of permanganate at high temperatures a: 
responsible for the decrease in efficiency as the tem perature 
increases, the former being the more im portant.

Although these results seem to indicate that the efficiency 
of sodium permanganate production is slightly greater than 
for potassium, the difference is probably not greater than 
the experimental e rro r; furtherm ore it did not show up in 
other series. Only one curve is drawn to represent the 
average results.

In  plotting the data, the best current efficiency-tempera- 
ture and voltage-temperature curves were drawn throueh 
the points obtained, and values read from these curves were 
used in calculating the values for energy consumption which 
consequently lie upon a smooth curve.

The results indicate that the maximum current efficiencies 
and minimum energy consumptions are obtained at tem pera
tures below 10°C., although the energy consumption varies 
but littlo up to 20°C.

e f f e c t  o f  c u r r e n t  d e n s i t y —By passing various currents 
through a cell of given dimensions the effect of varying the 
current density has been determined. In  this way both the 
anodic and cathodic current densities were altered simul
taneously, but since it is inconceivable that the cathodic cur
rent density can have any effect on the current efficiency, 
the results are interpreted to represent the effect of varia
tions in anodic current density.

In  the case of these experiments a different set of anodes 
and a different size and type of cell were used. This was 
done partly  in order to obtain more accurate figures for 
current density, and partly  in order to see whether the 
results obtained up to this time could be duplicated with 
much larger cells. The cell was constructed of concrete 
lined with paraffin. A diaphragm composed of a sheet of 
asbestos paper between two supporting sheets of asbestos 
cloth divided the cell into two compartments. The anode 
was made up of two bars each about 12 cm. in width, sub
merged to a depth of about 25 cm. This was placed close 
to the diaphragm so that only the fron t surface was very 
active. The value of the anodic current density is taken 
as the apparent current density obtained by dividing the 
cell current by the actual area of the submerged portion o f  

the anode on the side toward the diaphragm.
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The runs were all made at a tem perature in the neighbor
hood of 30° and the results corrected to tliis temperature on 
the basis of the data given in Table V I. The initial anolyte 
in each run was approximately 15 per cent Na.COs solution. 
No experiments were made with the potassium salt. The 
final perm anganate content of the runs reported here never 
exceeded about 3 per cent NaMnO,.

The data given in Table V I are plotted in Fig. 6. The 
plot shows the energy consumption curve to possess a 
minimum of 23.5 kw. hr. per kg. when the current density 
is 6 amp. per sq. dm. The energy consumption increases 
gradually with increase in current density beyond this point. 
Since the current efficiency also continues to increase, the

T a b i .b  V I — E f f e c t  o f  V a r i a t i o n s  i n  C u r r e n t  D e n s i t y

T e m p era tu re— 30° C .: in itia l A nolyte— 15 p e r  ce n t N azC O j so lu tion
C u rren t C u rre n t E nergy
D en sity Efficiency Cell C onsum ption

A m p ./S q . D m . P e r  cen t V olta  n ‘ R w .H r ./R g .
2 .6 9 1 4 .S 4 .2 2 3 7 .6
2 .9 2 0 .3 4 .3 0 2 8 .0
2 .9 1 7 .S 4 .6 0 3 4 .2
3 .0 18 .0 4 .2 5 3 1 .2

4 .51 2 7 .6 4 .9 5 2 3 .7
4 .5 1 3 0 .9 4 .9 0 2 1 .0
4 .7 3 2 6 .0 5 .0 0 2 5 .5
4 .7 3 2 4 .8 5 .0 0 2 6 .7

5 .7 0 2 6 .6 5 .3 0 2 6 .4
5 .91 26 .1 5 .7 0 2 8 .9
9 .0 3 34 .7 6 .2 5 2 3 .8
9 .0 3 2 8 .9 5 .9 0 2 7 .0

9 .4 6 3 6 .7 6 .3 0 2 2 .7
9 .4 6 3 0 .4 6 .7 5 29 .4

1 1 .3 3 2 .3 6 .7 0 2 7 .5
1 1 .8 3 5 .2 7 .2 0 27 .1

12.1 3 7 .0 6 .9 0 2 4 .7
Î 2 .5 3 4 .8 6 .8 0 2 5 .9
1 3 .5 3 6 .0 6 .4 0 2 3 .5
1 4 .3 3 1 .9 7 .4 5 3 0 .9

1 7 .0 3 7 .5 7 .3 0 2 5 .8
1 7 .8 3 5 .6 S . 50 3 1 .6

optimum current density for technical operation will be 
somewhat above 6 amp. per sq. dm. because of the saving 
in cost of installation thereby effected.

Extrapolation of the voltage-eurreiit density curve in

dicates th a t the cell voltage when C. D. =  0 is 3.4 volts 
as compared with a theoretical value1 of 1.07 volts. The 
overvoltages probably are large, but several other effects 
undoubtedly enter to help make up the 2.3 volts difference 
between these two values.

Two other series of runs were made in which the 
average permanganate concentrations were about 4 and 8 
per cent, respectively. On account of inaccuracies in
troduced in the analytical determinations, the results were 
not even as concordant as those where the permanganate 
concentration was low. W ithin the experimental error there 
was substantially the same current efficiency a t all concen
trations of permanganate. This conclusion is substantiated 
by the results obtained in the long-time runs discussed 
below.

t h e  <l s k i n  e f f e c t  ”  a n d  i t s  e l i m i n a t i o n — The require
ment of simplicity in commercial operation demands that 
the anodes may be kept in action continuously until they 
have been reduced to a small fraction of their initial size. 
In  the. earlier stages of this investigation, a good deal of 
trouble was encountered, in runs of more than a few hours’ 
duration, by a “ skin effect ” which wras exhibited by the 
ferromanganese anode. The anodes always became covered 
with a  coating of oxide which, when thin, adhered too firmly 
to be scraped off. The coating developed more rapidly, and 
to a greater extent, in caustic than in carbonate anolytes. 
In  carbonate anolytes, electrolysis would proceed smoothly, 
in spite of the coating, fo r 25 or 30 hrs., afte r which the 
voltage would commence to rise rapidly and severe heating 
ensue so that the cell had to be shut down. In  the semi
plant scale experiments which were conducted in connection 
with the war work, a  sharp rise in the voltage-time curve 
of a given cell was the signal for the removal of its anode 
and the substitution of a fresh one, the particular cell being 
meantime by-passed so that the current in the series was not 
interrupted. The “ fresh ’’ anode was prepared by remov
ing the coating with a sandblast, which made it ready for 
another 30-hr. operating period. I t  should be understood 
tha t this active operating pei-iod was not absolutely regular, 
but 30 hrs. represents a fa ir  average. As the permanganate 
concentration increased, the period became somewhat 
shorter.

Other methods than sandblasting were tried fo r remov
ing the coating. Thus, the coating formed in carbonate 
electrolytes became very flaky on drying and was nearly 
all easily removed by scraping with a cold chisel. The 
surface of the anode was then ground slightly all over with 
a carborundum wheel. Another method was to “ pickle ” 
the anode in hydrochloric acid. Sandblasting was the least 
undesirable of all these methods from the technical view
point.

I t  was attem pted to obviate the formation of the oxide 
coating by the use of “addition agents” in the electrolyte. 
No improvement was brought about, however, by the use 
in this way of such salts as chlorides, chlorates, per
chlorates, sulfates, and nitrates. Incidentally, it was found 
that perchlorates and nitrates to the extent of about 13/ 
in 2M  hydroxide solutions reduced the efficiency to zero, 
while with sulfate and chlorate in sim ilar concentration, the

* F o r th e  ca lcu la tion  of th e  theo re tica l v a lu e  th e  cell w as considered to 
be co n s titu te d  as  follows:

M ns MnO< (0 .1 M ), C 0 3 (0 .5M ) | |  O H  (1 M ), H 2 (1 a tm .)  P t .  
T h e  liqu id  ju n c tio n  p o te n tia l, w hich  w ould b e  of th e  o rd e r  of m agn itude  of 
tw o  o r th reo  h u n d re d th s  of a  v o lt , w as neglected . I t  w as assum ed  th a t  the 
p o te n tia l of m anganese  vs. M nO* in a  half-m olal ca rb o n a te  so lu tion  wmild 
be th e  sam e as  in  a  base  so lu tio n  w here th e  O -H  con cen tra tio n  is 10-6A/. The 
p o te n tia ls  invo lv ing  m anganese w ere ca lcu la ted  from  d a t a  in  Abhand denizen* 
Bun-ten-Gcs., I I ,  5 (1911), 201. T h e  p o te n tia l ?. H* - f  0  =  H  - (1 -3 /). 
ta k en  as  zero. T h e  e. m . f . 's  of th e  tw o  “ half' 1 reac tio n s  a re :
M n - f  7 0  +  8 O -H  (10-*M) =  M nO . <0.1 Af) +  4 H 20  : E i  =  —  0.243 volt 
H ;Q  =  O -H  (1M ) 4 -  + 8 0 H  - f  y2 H : : E? =  —  0.826 volt.

F ro  th e  w hole cell, th e refo re , E  =  E i  - f  E* — 1.069 vo lta .
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current ellicieney was only abou t-2 per cent less than with 
carbonate.

The clue which led to the discovery of the conditions for 
eliminating the coating was furnished by a 5-hr. elec
trolysis with a potassium carbonate solution of higher con
centration than had been used previously (namely, 30 per 
cent K 2C 03), at the end of which it was found that the anode 
surface, after the adhering permanganate solution had been 
rinsed off, was brightly metallic and free from  the usual 
coating. F urther experiments showed that under the fol
lowing conditions of tem perature and initial anolyte, elec
trolysis proceeds smoothly and continuously for an indefi
nite length of time without coating form ation:

r o d u c t  A n o l y t e  T e m p e r a t u r e

K M hO< 30%  KzCOs so lu tion  28° C . o r  low er
15%  K 2C O 1 so lu tion  12° C . o r low er

N aM nCh S a tu ra te d  (7 % ) N asCO a so lu tion  10° C . o r low er

Short periods of operation a t 10° higher than the above 
temperatures were harmless in the case of potassium.

I f  it is desired to build up a concentration of sodium 
permanganate above about 3 per cent, however, it is neces
sary to add solid Na2C 03 to the anolyte from time to time. 
While not many of these long, continuous runs (7 to 10 
days in duration) were made, nevertheless sufficient data 
were obtained to indicate that the current efficiency and 
energy consumption under such conditions are about the 
same as in the runs on which the curves presented in this 
paper are based, and the anodes are clean and bright at 
the end of the operation.

S u m m a r y

1—The foregoing article presents in tabular and graphic 
form the results of extensive experimental work on the 
more im portant factors involved in the electrolytic produc
tion of sodium and potassium permanganates from  ferro 
manganese anodes.

2—In  the investigation of the effect o f anode composition 
it was found that the higher the manganese content of the 
electrode, the higher the current efficiency, anodes contain
ing less than 40 per cent giving practically no yield under 
any conditions. Other constituents at the anode seem to 
have comparatively little effect except in the case of cobalt, 
about 2 per cent of which practically destroys the perman
ganate producing power of a  ferromanganese electrode. In 
view, however, of the greater cost and brittleness of anodes 
containing more than 80 per cent manganese, the commer
cial 80 per cent ferromanganese appears to be the best 
anode m aterial for technical operation, and most of the 
experiments were made with such anodes.

3— Possible anolytes are alkali metal salts of weak acids, 
and alkali metal hydroxides. The best anolyte appears' to 
be a solution of alkali metal carbonate, the carbonate being 
destroyed in the course of electrolysis and replaced by per
manganate uncontaminated by manganate or other salts. 
Hydroxide solutions are interesting from the theoretical 
viewpoint, in that they give a sharp minimum in current 
efficiency a t an intermediate OH concentration.

4— The operating temperature should be as low as pos
sible (10° to 20°C.). Low tem perature gives highest effi
ciency and lowest energy consumption, and makes possible 
the continuous operation of the anode (provided the initial 
carbonate concentration is high). H igh tem perature gives 
lower current efficiency and promotes a "sk in  effect” on 
the anode surface which gives rise to excessive voltages.

5—A current density o f about 6 amp. per sq. dm. gives 
the minimum energy consumption. The optimum operating 
current density is somewhat higher than this. A t lower 
current densities the current efficiency falls off rap id ly ; 
at higher current densities it rises slowly, but the increased

I. R. drop through the solution results in somewhat higher 
energy consumption.

G— It is believed that the effect o f practically all variables 
(such as temperature, current density, anolyte composition, 
etc.) on the current efficiency is in reality due to the varia
tions which these factors cause in the oxygen overvoltage, 
a high oxygen overvoltage being necessary fo r high current 
efficiencies in  permanganate production. I t  is hoped to 
present fu rther evidence bearing upon this point in a later 
paper.

7— The essential conclusions as to the optimum operating 
conditions and the efficiencies obtainable have all been con
firmed by continuous operation of a full-sized commercial 
cell, using five ferromanganese bars, each 5 in. X  1-5 in. 
X  35 in., as the anode.

Bakelite Company Wins Decree
The General Bakelite Company of New Y ork was 

awarded a decree in its su it aga inst the General Insulate 
Company of Brooklyn charging infringem ent of three 
Bakelite patents. The decision aga inst the defendant was 
handed down by Judge I. Chatfield of the United 
States D istrict Court, E astern  D istrict of New York, on 
A ugust 2, 1921.

The three Bakelite patents involved were No. 942,699,
492,852 and 939,966 commonly designated as the Heat 
and Pressure Patent, the Fibrous M aterials or Indurated 
Product P a ten t and the Comminuted M ixture or Molding 
Patent, all of which have been sustained and declared in
fringed by the Court.

The decision is rem arkable for the comprehensiveness 
and the clearness with which Judge Chatfield has handled 
a highly technical subject, involving fine distinctions be
tween chemical and physical processes and between ac
tual inention and the m anufacture of a known substance 
by variations in technique of production. P articu lar in
te rest is attached to this decision because the defendant 
in the case— General Insulate Company—is a molding 
concern doing business in Brooklyn, New York, and using 
the products m anufactured by the Redmanol Chemical 
Products Company of Chicago and as Judge Chatfield 
said in his opinion:

“The record shows th a t in fact the Redmanol Company 
has stood behind the defendant in the tr ia l of th is action, 
and in so fa r as investigation of the prior a r t  and dis
cussions of questions of patentability  are concerned, the 
Redmanol Company has as freely and fully presented its 
evidence as if the action had been aga inst the Redmanol 
Company for infringem ent of the plaintiff’s paten ts in 
the m anufacture of the synthetic gum itself.”

The Redmanol Company had no office in New York— 
hence the indirect action of the General Bakelite Com
pany in filling a Bill of Complaint against one of the 
users of the Redmanol products. The Bill of Complaint 
was filed September 18, 1917, but a tria l could not be 
obtained until March 31, 1919. The tria l lasted many 
weeks in open court, the final argum ents taking place 
on June 22, 1919.

The decision itself covers 36 pz-inted pages, and reviews 
the various patents th a t have been issued both in the 
United States and foreign countries fo r the preparation 
of m aterials generally classified as synthetic resins. The 
fact th a t the Baekeland paten ts go fu rthe r than any pre
vious patents in covering the preparation of m aterials 
th a t are of practical value and prepared according to 
exact processes yielding definite products, is definitely 
shown. The decision is a valuable contribution to 
chemical patent literature.
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The Detection of Carbon Monoxide1-'
By C. R. Hoover

D e p a r t m e n t  o f  C h e m i s t r y ,  W e s l e y a n  U n i v e r s i t y ,  M i d d l e t o w n ,  C o n n e c t i c u t

The problem of detecting quantities of carbon monoxide 
too small to be determined accurately by the ordinary 
methods of gas analysis, yet sufficiently largo to produce 
harmful physiological effects, has been attacked by a num
ber of investigators.

Several forms of portable apparatus fo r the detection 
of carbon monoxide in houses, mines, factories, etc., have 
been devised.

Racine* attached a filament of guncotton dusted with platinum 
black to the terminals of an electric circuit in such way that as 
the guncotton was ignited by the heat of absorption of the 
carbon monoxide on the platinum black, the circuit was closed 
and a signal given. This device is capable only of detecting 
quantities of carbon monoxide greater than 0.75 per cent and 
is therefore not sufficiently sensitive for the hygienic testing 
of air.

Gua: co4 constructed a toximeter for carbon monoxide con" 
i ting of two glass bulbs, one coated with platinum black* 
uiu.ci U d by a U-tube containing a colored liquid. Temperature 
■!.: . gi s produced by the absorption of carbon monoxide on 

pi: liiliim bulb altered the level of the liquid in the U-tube. 
Although Guasco claims to be able to recognize 0.01 per cent of 
carbon monoxide with this apparatus, it is difficult to manipulate, 
and useless in most industrial gas mixtures.

Lamb and Larson5 have recently investigated the ther- 
mometric principle and propose two accurate methods very 
well adapted t  othe continuous analysis of a gas mixture 
containing carbon monoxide. Their apparatus is not in
tended to be readily portable, but it would seem to be of 
special value for stationary  use in laboratories and indus
tria l plants for the analysis of combustible gases which 
can be freed from catalytic poison.

Nowicki“ patented a pocket apparatus in which strips of 
paper moistened w ith palladium chloride solution are 
placed in a glass tube through which the suspected gas is 
drawn. However, the slowness of the reaction, the need of 
freshly preparing the paper to be used out of contact with 
reducing substances, and the wide variety  of reducing sub
stances th a t produce sim ilar changes to those produced by 
carbon monoxide, have prevented any considerable prac
tical use of this type of detector.

H arger7 designed a portable apparatus for the detection 
of carbon monoxide in mines. The variation in the conduc
tivity  of a solution of hydrogen iodide formed from  the 
iodine liberated by the action of carbon monoxide on 
heated iodine pentoxide is employed to indicate the quan
tity  of the gas present. This method is obviously difficult 
of manipulation, and the apparatus is expensive and cum
bersome.

Teague8 of the Bureau of Mines has adapted the iodine 
pentoxide method of analysis to the determ ination of car
bon monoxide in automobile exhause gases by using liquid 
a ir to remove in terfering  substances. A form of portable 
apparatus has been described, but the manipulation is 
ra the r more diffciult than can be carried out by the aver
age working man.

In practical use none of the chemical or thcrmometric detectors 
mentioned have been found to be as generally successful as smal 
animals, especially canaries, as suggested by Burrell, Seibertl 
and Robertson of the Bureau of Mines.8 T hat small animals, 
are, however, unsatisfactory in some cases was first pointed out 
by the same investigators. A man moving or at work may be 
overcome before a small animal quietly confined, and a person 
may be seriously affected by long breathing of low concentration 
of gas which causes no appreciable symptoms of distress in small 
animals. Among the other objections, the following may be

1 P resen ted  before th e  D ivision  of In d u s tr ia l an d  E ng ineering  C h em is try  
a t  the  ö l s t  M ooting  of th e  A m erican  C hem ical 8oc ie ty , R ochester, N . Y ., 
A pril 26 to  29, 1921.

2 PubLished by  perm ission  of th e  D irec to r of th e  C hem ical W arf a re  Sorvica.
3 Bull. auc. chim. (3), x (1889), flöö.
4 Compt. rend., 155 (1912), 282.
5 J .  A m . C htm . Sue., 41 (1919), 1908,
6 Ch*m ..Ztv„  ¿5 (1911), 1120.
7 iro n  Coal Trades Rev., 88 (1914), 912.
8 T u rn  J o c h n a l ,  12 (192U), 9Ö4.
9 B urbuu u / M lut» , Technical Paper, 6 a (1914),

mentioned: The detection by small animals is applicable only 
to a limited range of concentration of carbon monoxide, and 
there is an appreciable diiierence in sensitiveness of diflereut 
animals of the same kind. The uncertainty and slowness of 
recovery of small animals unless placed 111 pure air or oxygen 
makes it impossible to make tests at frequent intervals in impure 
air, or alter passing through impure air, without a large number 
of birds ana special containers. W hen not in use, animals must 
bo cared for at places that are readily accessible. It can there
fore be concluded that there is need m many industrial operations 
of a more reliable, more rapid, and simpier method of detecting 
carbon monoxide than any yet proposed.

H o o l a m i t e

Lamb, Bray and F razer' have summarized the work done 
by the D em ise Chemical Research ¡Section of the Chemical 
W arfare ¡Service upon the absorption of carbon monoxide. 
One of the absorbents developed, Hoolamite/1 was the result 
of an investigation of the action of carbon mono-ide 011 

mixtures of iodine pentoxide and other substances begun 
iu this laboratory during the summer of l ‘J17. This work 
was continued a lte r ¡September 1917 with the personal 
cooperation of Lieut. Col. A. B. Lamb, director o f Defense 
Research, as a  p a rt of the general investigation described 
iu the article ju st mentioned. Subsequent to the signing 
of the armistice and the resulting curtailment of the activi
ties of the Chemical W arfare Service, the problem was con
tinued in this laboratory and the detectors described in 
this article developed.

c o m p o s i t i o n —Hoolamite is prepared by mixing fuming 
sulfuric acid with iodine pentoxide and an inert supporting 
material. During the early stages of the development of 
this absorbent it was noticed that carbon monoxide imparted 
to the white Hoolamite of certain range of composition 
colors varying from  pale bluish green to brownish black, 
the depth of the color depending upon the amount of the 
gas present. The nature of the compounds of iodine and 
oxides of iodine with sulfur trioxide and sulfuric acid is 
being investigated, but has not yet been definitely de
termined. The green color is due to an unstable substance 
which can be formed from  iodine and sulfur trioxide. On 
standing or gentle warming in the presence of sulfur 
trioxide, the green m aterial changes to orange yellow and 
finally, upon the addition of iodine pentoxide, to a white 
substance. Since a t ordinary tem peratures Hoolamite 
oxidizes carbon monoxide to carbon dioxide with the libera
tion of iodine, if  an excess of su lfu r trioxide is present, the 
green substance will be formed and is thus indicative of the 
presence of carbon monoxide.

Iodine pentoxide and fuming sulfuric acid of high sulfur 
trioxide content form  solid bodies if  the weight of acid does 
not exceed 70 per cent of the weight of the mixture, but 
in order to produce the green body a greater proportion 
must be present and such mixtures, being pasty, must 
necessarily be supported on an inert porous m aterial in 
order to expose them efficiently to the action of carbon 
monoxide. Asbestos fiber gives the most active material, 
but it is difficult to handle, and irregular in surface and, 
consequently, in action. However, a material almost as 
active can be prepared with granular pumice stone, and 
this supporting material is used for all mixtures.

Table I  shows the composition of the mixtures found to 
be best suited to the detection of small amounts of carbon 
monoxide.

» T h u  J o u rn a l , 12 (1 8 2 0 ) , 213,
• L a m b  e n d  H oover, U , S , P a te n t !  1,321,091 a n d  1,821,062,
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T a b l d  I — C o m p o s i t i o n  o p  D e t b c t o h  M a t e r i a l

Iod ine  P um ico F u m in g  Sul.’u rie  
U s e  M eth o d  o f  P en w x id o  c>tone Aoid

P re p a ra tio n  P e r  ce n t P e r  ce n t F c r  ce n t
A pprox im ate ly  q u a n t i ta 

tive  d jte u tiu u  of re- M ixed  in  open
ducing  t;asua— D ete c to r  B vessels 1 2 .0  3 5 .0  53.0(CO%SO>)

Q u a n ti ta t iv e  de tec tio n  M ixed  in  d o sed
of ca rbon  m onoxide—  vessels o r  in  a ir
D e te c to r  C  of low  h u m id ity  1 0 .6  3 3 .3  5 6 . 1(60%  SO j)

Q u a n tita tiv e  de tec tio n  M i**d in
of ca rbon  m onoxide—  open  vessc Is
D o tee to r C  l l i* h  h u m id ity  1 1 .0  3 1 .0  5 5 .0 (3 0 7 3 8 0 0

Since Iioolamitc is a corrosive, deliquescent material, it 
must be preserved in closed vesssls which arc not attacked 
by acids or oxidizing agents. When so preserved, it 
gradually increases in activity for several days, finally re
maining unchanged apparently  indefinitely. The material 
is usually employed in small glass tubss which arc sealed 
after filling and opened just before use.

S E N S i T i v i i v —Under favorable conditions concentrations 
of carbon monoxide as low as 0.005 per cent can be detected 
by the passage of 000 ce. of a gas m ixture through a glass 
tube containing a 50 mm. X  5 mm. column of Iioolamitc. 
The color developed is proportional to the amount of carbon 
monoxide present and the cross-sectional area of the de
tector material, for concentrations of carbon monoxide of 
3 per cent or less. The rate a t which the gas is passed can 
vary considerably, but fo r quantitative results it should bo 
kept between 30 and GO sec. for a 500-cc. sample through 
a tube of 5-mm. inside diameter. The depth of the de
tector material should be at least 2.5 cm., 5 to 7 cm. being 
commonly used. Carbon monoxide reacts readily with the 
detector m aterial a t —10° C. Since the action is strongly 
exothermic the color produced is largely independent of 
the temperature. As a result of chemical changes such as 
were mentioned above, the green color indicating the 
presence of carbon monoxide disappears in a few minutes 
and the material can again be used as before. A fter twelve 
positive tests, with concentrations of carbon monoxide not 
greater than 0.2 per cent, the color produced becomes some
what irregular in shade and a new sample should be em
ployed. W ith higher concentration of carbon monoxide 
proportionately less tests can be made with one tube. 
Twenty to th irty  negative tests in ordinary air can bo made 
before the activity of the Iioolamitc has been destroyed.

c o l o r  s t a n d a r d s —Perm anent color standards consisting 
of granules of pumice stone, normal or basic copper acetate, 
and chromium oxide can be prepared which match closely 
the colors produced in Iioolam itc by a 500-cc. sample of 
gas containing amounts of carbon monoxide from 0.03 to 
0.17, or 0.2 per cent. Above 0.2 per ecnt fo r a 500-cc. 
sample the colors are more irregular, and other methods 
than direct color comparison give better results.

a c t i o n  w i t h  o t h e r  g a s e s —A substance capable of 
rapidly oxidizing carbon monoxide at low temperatures can 
also be expected to react with oxidizable gases and vapors 
other than carbon mono ide. Unsaturated hydrocarbons, 
gasoline vapor, hydrogen sulfide, arsine, hydrogen cyanide, 
and various complex organic compounds, especially those 
containing halogens or amino nitrogen, arc similar in aclion 
to eaibon monoxide. In the absence of carbon monoxide the 
material is a sensitive detector fo r sueli substances. 
Fortunately all interfering substances investigated are ab
sorbed by dry active charcoal. Hydrogen, inethane, sulfur 
dioxide, nitric acid, ammonia, and other common gases and 
vapors arc without action.

F or thi! determination of small amount« of carbon 
monoxide in the laboratory, any wimple container from 
which detlnite volumes of giiH can lie furred under a pres
sure of ge.vdial iue.licH of water, appropriate color standards, 
and a few lubes of ITuolaiuitu are nil that are iieucsBury.

I f  other reducing gases are present, it is necessary only to 
pass the mixture to be examined over a column of active 
charcoal before it comes into contact with the Hoolamite. 
I t  may be noted here that a method of determining large 
amounts of eaibon monoxide in the usual type of absorption 
p ipct by means of Iioolamitc is also being developed.

P o c k e t  D l t i : c t o r  t o p .  I n d u s t r i a l  U s e  

The moat important application of Hoolamite tha t has 
yet been made is to the industrial detection of carbon 
monoxide. A simple and durable form of pocket detector, 
Type 1 j, is shown in Fig. 1. This device is 24 cm. long

F in .  1

over all and weighs 200 g. l! s  construction and operation 
are explained by Fig. 2. A 250-cc. sample of the gas to 
be examined is drawn through the guard tube, A, containing 
active charcoal, by means o l  ten compressions of the rubber 
bulb, B, and forced out through the detector material in 
the glass tube, D. The green color produced in the detector 
tube is compared with color standards contained in an ad
joining tube as shown in F ig. 1. The range of approxi
mately quantitative detection with this instrument is from
0.05 to 1 per cent.

In  practical use this instrum ent (Type B) has been suc
cessful as a qualitative and approxim ately quantitative de
tector fo r carbon monoxide. I t  is sufficiently sensitive to 
detect in a few seconds quantities o f the gas less than arc 
harm ful to men, or capable of causing symptoms of distress 
in small animals. The directions fo r use are simple and 
the instrument can be used by the average workman. W ith 
improved Hoolamite and revised directions to insure more 
definite volumes of gas and rates of passage, it should be 
increasingly valuable.

r

F j o .  3— T y p e  C

I n  proved Apparatus 
I t  is evident that if the volume of gas and its rate of 

passage can be regulated more accurately than i3 possible 
with the device just described, analytical results of cor
respondingly greater accuracy will be secured. W ith this 
object in view a metal cylinder and piston were substituted 
fo r the aHpirator bulb and a positively operated stopcock 
fi<r the rubber valve*. Thu exterior appearance of the im
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proved apparatus is shown in Fig. 1 (Typo C). The con
struction and operation can be understood by referring to 
Fig. 3. Outward movement o f the piston rod, E, draws 
500 cc. of gas to be examined through the valve, G, into 
the cylinder, F . As the piston reaches the end of its travel 
a rod connected by track and gear to the valve, G, turns it 
90°, thus connecting the cylinder with the guard tube, I i,  
and the detector tube, T, through which the gas is passed 
by the return stroke of the piston. Completion of the 
stroke moves the valve to its original position.

Among the advantages of tins type of instrument may' bo 
noted: Definite volume of sample, regular rate of passage 
governed by the size of the opening into the guard tube, 
the sample can be taken quickly in a dangerous atmosphere 
or in the dark, and the analysis made a t leisure in a  safe, 
better lighted spot.

As previously stated, concentrations of carbon monoxide 
greater than 0.2 per cent give somewhat irregular colors 
when a 500-cc. sample is forced through a 5-nun. tube of 
Hoolamite; hence with the type C detector the color com
parison scale covers only the range from  0.03 to 0.17 per 
cent. Quantities of carbon monoxide greater than 0.17 per 
cent are determined by taking advantage of the fac t that 
the color change produced in Hoolamite by a given quantity 
of carbon monoxide is independent, within the limits 
previously stated, of the volume of the gas sample, provided 
the rate of passage is properly regulated. W hen a sample 
containing more than 0.17 per cent is being expelled from 
the cylinder, the color corresponding to 0.17 p er cent will 
be reached before the stroke is completed. Hence by 
graduating the piston rod of the apparatus (E, Fig. 3) in 
per cent carbon monoxide, quantities up to 3 per cent can 
bo determined with a good degree of accuracy.

B C L a b o ra to ry  A nalysis
P e r  ce n t P e r  ce n t P e r  ce n t

0 .5 0 .6 0 .5 8 3
0 .5 0 .4 0.431
0 .3 0 .2 0 .1S 1
0 .2 0 .1 2 0 .1 2 7
0 .1 0 .0 7 0 .0 6 9
0 .0 0 .0 4 0 .0 3 4

The improved detector has not yet been pu t upon the 
market, but practical tests indicate that it is superior in 
accuracy and range to the smaller, type B, instrument, 
although somewhat more cumbersome. Table I I  gives the 
results of comparative tests of the two detectors which 
support the statements just made.

T a b l e  I I — C o m p a r a t i v e  T e s t s  o f  D e t e c t o r s  
Source o f D e te c to r  D e te c to r  Io d in e  P en tox ide

C arb o n  M onoxide

P ure  gas 
F lu e  gas 
I llu m in a tin g  gas 
P uro  gas 
I llu m in a tin g  gas
I llu m in a tin g  gas« . .

* C harg ing  floor, w a te r gas p la n t.

The two devices are designed to supplement each other, 
the simpler being suited to occasional use in the hands of 
persons engaged in work exposing them to the danger of 
breathing carbon monoxide such as is met in mines; pro
ducer, water, and blast furnace gas p lan ts; garages; boiler 
rooms; tunnels and excavations near gas mains; army and 
navy work, etc. The more accurate device is intended to 
meet the needs of chemists, engineers, inspectors, and other 

. persons responsible fo r  the welfare of workmen, the regula
tion of p lan t operations, laboratory tests, and the conduct 
of industrial research.

S u m m a r y

1—A mixture of pumice stone, iodine pentoxide, and 
fum ing sulfuric acid reacts with carbon monoxide to give 
a green color varying in depth with the concentration of 
the gas.

2— Two portable devices by means of which this reaction 
can be applied to the approximately quantitative determina
tion of carbon monoxide are described.

The Determination of Tannin1,2
By John Arthur Wilson and Erwin J. Kern 

L a b o r a t o r i e s  o f  a . F .  G a l l u x  &  S o n s  C o ., M i l w a u k e e , W i s c o n s i n

A rather widespread controversy has arisen over a new 
method of tannin analysis described by the authors in two 
previous papers,3 in which it was shown that the methods 
adopted as official both here and abroad are greatly in error, 
exceeding 200 per cent in some cases. Changing a method 
of analysis upon which millions of dollars of tanning mate
rials are bought and sold annually is admittedly a serious 
matter. Were the new method to supplant the old in the 
sale of extracts, drastic price changes would have to be 
made and many extracts would no longer hold their present 
relative standings or reputation as to tanning value. Since 
the official methods have been clearly proved unreliable, it 
would seem that the new method must now7 be tested gen
erally to determine whether or not it will meet all the con
ditions that ought to be required of a  method so important. 
Until now its use has been restricted because the procedure 
as originally described was both cumbersome and time con
suming, all of the first efforts having been directed exclu
sively to devising an accurate method. B ut the procedure 
has since been developed until it is now quite as simple as 
tha t of any method in general use. In  this paper we de
scribe the simplified procedure, and also refute the objec
tions which have been raised against the new method.

D e f i n i t i o n  o f  T a n n i n  

A thorough review of the literature shows that it has
■ R eoeived J u ly  2 6 ,1 9 2 1 .
• T o  bo p re sen ted  before th e  L e a th e r  C h em is try  Section  a t  th e  62nd 

M eeting  of th e  A m erican  C hem ical Society, N ew  Y ork  C ity , S ep tem ber 6  to  
1 0 ,1 9 2 1 .

• T in* J o u r n a l ,  xa (1 9 2 0 ), 4 6 5 ,1 1 4 9 .

been generally agreed to class as tannin that portion of the 
water-soluble m atter of certain vegetable materials which 
will precipitate gelatin from solution and which will form 
compounds with hide fiber which are resistant to washing. 
Much confusion would have been avoided in discussion by 
making it clear whether the criticism was directed against 
the definition or the method.

C h a n g e s  i n  P r o c e d u r e  

In  the method as originally described, the tanned hide 
powder had to be washed by shaking with water fo r 30 
min., squeezing through linen, and repeating with fresh 
water until free from soluble m atter, which usually re
quired about twelve washings. This is nowT accomplished 
with very little effort in a washing apparatus to be de
scribed later. The washed powder, a f te r  drying, was anal
yzed for w ater, ash, fat, and hide substance (N ’x'5.62), 
and the percentages of these subtracted from  100 gave the 
per cent o f tannin in the powder. I t  was suggested earlier 
that this figure might be obtained simply by noting the 
increase in weight of the dry  powder afte r tanning and 
washing, provided the washing operation were so conducted 
that no powder was lost, making the determination direct 
instead of by difference and increasing the accuracy for 
unskilled analysts. The new washing apparatus not only 
makes this possible, but reduces the amount of hide powder 
required fo r a determination to one-sixth.

P r e s e n t  P r o c e d u r e  

A solution of the tanning material is prepared of auch
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strength tha t 2 g. of hide powder will detannize 100 ec. in 
ö hrs. of shaking. W ith a  little experimenting, safe limits 
are easily determined fo r  all ordinary materials so tha t the 
need fo r repetition will be rare. F o r the extracts used in 
this work, suitable concentrations in grams per liter are 20 
for hemlock, larch, oak, and sumac, 16 fo r gambicr, and 7 
for solid quebracho. The solution must be freed from  in
soluble matter, which may be done in  the usual manner by 
adding kaolin, filtering through a  thin paper, returning the 
filtrate to the paper for an hour to tan it, then discarding 
all liquor which has touched the paper, pouring fresh liquor 
on to the filter and collecting when the filtrate comes 
through clear. F o r materials which filter with difficulty, 
time can be saved by setting up several filters a t one time. 
Standard hide powder,1 or its equivalent, is extracted with 
chloroform to remove all extractable m atter, and is then 
freed from  solvent and stored ready fo r use. This treat
ment is chiefly to remove fa tty  m atters, and it may be found 
convenient to treat a year’s supply a t once. Two grams 
of this powder, of known moisture content, are p u t into a 
G-oz., wide-niouth bottle, 100 cc. of tan liquor are added, 
and the whole is p u t into a  rotating box and shaken for 6 
hrs. I t  is advisable to keep the liquor and wash w ater cool 
to guard against any tendency towards decomposition of 
the untanned portion of the hide powder. This m atter 
requires attention only in hot weather.

The essential p a rt of the washing apparatus is shown 
in Fig. 1 and consists o f three glass parts fitting tightly
into one another by means of ground joints. A small piece

of fine filter cloth is stretched tightly over 
the bottom outlet of p a rt B and is firmly
secured by winding and tying strong
thread around the groove. P arts  B and
C are then put together and the stopcock 
is opened. The tan liquor and hide pow
der, afte r the 6-hr. shaking, are washed 
into p art B, the liquor being allowed to 
run  through the open cock into a  beaker 
and returned until reasonably clear.2 The 
stopcock is then closed and B is half filled 
with water and then fitted to p a r t A with 
stopcock closed.

The remaining p art of the washing ap 
paratus is a reservoir of water set high 
enough from  the table to exert a pressure 
equal to a column of about 4 ft. of water 
upon the glass receptacle, which is con
nected to the reservoir by means of a 
rubber tube attached to A. The stopcock
in A is opened wide, and the rate of flow 
of w ater is regulated to about 500 cc. per 
hr. by means of the stopcock in C, which 
is connected to the drain. Since the wash
ing is usually complete in about 12 hrs., 
it is convenient to sta rt it ju s t before 
leaving the laboratory in the evening so 
that it will be complete a t the sta rt of 
the next day. However, washing should 
not be stopped until the wash water is 
colorless and does liot darken upon the 
addition of a drop of ferric chloride.

The powder is then washed on to a 
Büchner funnel and freed from  as much

1 P rep ared  by  th e  S tan d a rd  M fg. C o., R idgw ay , P a .
2 T h is  liquor m ust alw ays be te s ted  fo r ta n n in  b y  

add ing , one d ro p  a t  a  tim e, a  fresh ly  p repared  so lu tion  
of 10 p. g e la tin  an d  100 g. sodium  chloride per lite r. A 
p rec ip ita te  ind ica tes  t h a t  ta n n in  is p resen t, in  w hich 
case th e  d e te rm in a tio n  m u s t be rep ea ted , u sing  a  m ore 
d ilu te  so lu tion  of th e  ta n n in g  m a te ria l.
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w ater as possible by suetion. I t  is then allowed to dry 
in the air over night, afte r which it is completely dried 
in a vacuum oven fo r 2 hrs., desiccated and weighed. I t  
is returned to the oven and reweighed as a check against 
insufficient drying. The increase in  weight of the dry 
powder represents the am ount of tann in  present in 100 cc. 
of the original tan liquor.

We have found it very convenient to have rotating boxes 
capable of holding twelve bottles each and cylindrical stands 
equipped with twelve washing devices each. Given twelve 
filtered liquors Monday morning, the powders would be 
tanned and ready fo r washing before evening, ready for 
drying next morning, and the tannin values available before 
noon Wednesday. W ith one such outfit an analyst can 
easily complete twelve determinations every day and still 
have time fo r other work.

C o m p a r a t i v e  A n a l y s e s

The analyses of six typical extracts given in Table I  show 
that there is practically no difference in results obtained 
by the original and revised procedures of the new method. 
Analyses by the official method of the American Leather 
Chemists Association, widely used in this country, are given 
fo r comparison.

T a b  l b  I — C o m p a r a t i v e  A n a l y s i s  o f  E x t r a c t s  b y  A .  L .  C .  A .  M e t h o d  a n d  
t h e  O r i g i n a l  a n d  R e v i s e d  P r o c e d u r e s  o f  t h e  N e w  M e t h o d

.---------------A .  L .  C .  A .  M e t h o d --------------- > N e w  M e t h o d
. T a n n i n  *
O r ig i n a l  R e -  

P r o c o d u r e  v i s e d  
T a n n i n  (B y  P r o c e d -  

I n s o l -  N o n -  (B y  D i f f e r -  u r e  
E x t r a c t  W a t e r  'u b l e  t a n n i n  D i f f e r e n c e )  e n c e )  ( D i r e c t )

G a m b i o r .......................  48.84 7 .58  15.78 27.80 7 .32  7.44
H e m l o c k ......................  51.76 7.32 15,04 25 .88  16.38 16.39
L a r c h .............................. 51.63 5.41 20.00 22 .96  12.70 12.82
O a k ..................................  53.51 2 .55  18.35 25.59 11.63 11.42
Q u e b r a c h o   19.41 9 .50  6 .86  64.23 44.33 44.03
S u m ac ......................  49.44 2 .86  22.56 25.14 13.10 13.04

D i s c u s s i o n

A common objection to the new method has been that it 
appeared inconceivable that leather chemists everywhere 
should have been so misguided as to accept as official a 
method liable to a 200 per cent error. The fallacy in  the 
argument put forward lies in its assumption that leather 
chemists everywhere have found the official methods to be 
borne out quantitatively in practice. W hen data were 
called fo r to prove this assumption, apparently  none were 
available. On the contrary, we have been able to secure 
data from  both upper and sole leather yards showing that 
the amount of tannin appearing in the finished leather is 
very much less than entered the yards according to the A. L. 
C. A. method, and that the apparent loss of tannin cor
responds closely to the difference in tannin content of the 
extracts as determined by the new and official methods.

A fter some experimenting with the new method, Schultz 
and Blackadder1 raised a number of objections to it. Their 
first was that it was difficult to obtain concordant results, 
which they explained as being due in p a r t to the fact 
th a t the tannin was determined by difference and was sub
ject to- the errors involved in determining the water, ash, 
fat, and hide substance in the tanned powder. This ap 
pears to us rather a m atter o f skill in manipulation, but 
in any event the cause has vanished with the revision of the 
procedure.

Their second objection was that the detannized liquor 
and wash waters gave a test fo r tannin when concentrated 
to small bulk. In  an earlier paper3 we showed tha t certain 
nontannins are converted into tannin when their solutions 
are evaporated and that this transform ation can be fol-

* J ,  A m . Leather Chem. Assoc., 15 (1920), 654.
• T h i s  J o u r n a l , 12 (1920), 1149,
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lowed by means of the new method, but not by the A. L. C. 
A. method.

Their third objection was that the degree of subdivision 
of standard hide powder is not uniform, that the liner por
tions become more heavily tanned but are more easily lost 
during the washing operation or in later handling, thus 
tending to give low results fo r tannin as a  result of making 
the analyses on the portions of powder less heavily tanned. 
In  the revised procedure no loss of powder during the wash
ing is possible, and all of the powder is weighed after 
drying. I t  is worthy of note, however, that the results we 
obtained by the original and revised procedures are p rac
tically identical.

Schell1 has raised an objection to the method that in
volves the definition of tannin. Following the work of 
Meunier,” he conceives the existence of two kinds of tannin 
which may be likened to quinone and hydroquinol. Meunier 
showed that quinone has tanning properties, while hydro
quinol apparently  has none. Given plenty of access to 
the air, however, solutions of hydroquinol become capable 
of tanning because of oxidation. According to Schell, the 
new method determines only the quinone-like tannin and 
fails to include hydroquinol-like bodies.

But hydroquinol admittedly has no tanning properties. 
I t  seems to us that the method is all the more accurate for 
not including as tannin, those bodies which are not tannin, 
although convertible by oxidation or otherwise into tannin. 
The existence of these substances in tanning materials has 
been recognized and discussed in our last paper, in which 
it was shown th a t the tannin content of a tan liquor is in
creased by boiling. There is good reason to believe that 
the new method can be developed to determine the amount 
of substances convertible into tannin as well as o f actual 
tannin. This might be done simply by analyzing the liquor 
both before and afte r some special treatment, such as oxida
tion, that will convert into tannin all substances capable of 
such conversion. However, the data available to us indi
cate th a t only a fraction of these substances really appear 
as tannin in the finished leather.

Schell is right in insisting tha t these nontannins have a 
value which should be recognized in judging the value of 
au extract, but the values should be recognized also of those 
substances which aid in the d illusion of the tannins into the 
hides and the sugars which form the necessary acids. Two 
extracts of apparently  the same tannin content may have 
very different properties. The tannin content alone is no 
sure guide to the value of an extract; much importance is 
attached to the reputation of the extract m anufacturer. I t  
is not improbable that it will eventually be found p refer
able to sell extracts on a basis of total solid m atter, leaving 
the extract men to compete with each other in establishing 
a reputation fo r producing extracts of high quality and 
constant composition.

In  speaking of hydroquinol-like bodies, Schell implies the 
suggestion that what the official method really determines is 
the sum of these and the true tannins, but this is not so. 
Gallic acid belongs to the class of nontannins capable of 
conversion into tannin, but when added to a tan  liquor only 
a variable fraction of it appears as tannin by the A. L. C. 
A. method, which makes the method quite unreliable and 
often very misleading. This is strikingly shown with 
gambier extract. The method calls fo r 12.5 g. o f dry hide 
powder to detannize 200 cc. of tan liquor, which amount was 
assumed to be correct because the nontarmin filtrate gave no 
test with the gelatin-salt reagent. Using this method on a 
gambier extract we found 26 per cent tannin, B ut we then

reduced the amount of hide powder to 1.5 g .; the nontauniu 
filtrate gave a negative test with the gelatin-salt reagent, 
but the per cent o f tannin found was only 13. The extract 
is listed as containing 26 per cent tannin simply because 
a group of men were more favorably disposed to make 
12.5 g. of hide powder official than some other amount. This 
is treated more fully in our first paper.

The A. L. C. A. method is based upon a principle often 
employed in adsorption experiments. I t  falsely assumes 
that the decrease in concentration of a tan  liquor upon shak
ing with hide powder is a  measure of the tannin content 
and that the solution absorbed by the substance of the hide 
is of the same composition as the remaining liquor. Thomas 
and Kelly1 have shown to what ridiculous conclusions this 
can lead. In  studying the effect of concentration of chrome 
liquor upon the adsorption of its constituents by hide sub
stance, they had occasion to use very strong liquors. Hide 
pow'der was treated with a  chrome liquor .containing 14.75 g. 
of chromic oxide per liter, but afte r 48 hrs. the concen
tration had risen to 15.40 g., although the hide powder had 
actually removed chromium from solution. This would 
correspond to a  negative value fo r tannin by the A. L. C. A. 
method. W hat happened was that the hide powder ab
sorbed a solution more dilute than the remaining chrome 
liquor and therefore concentrated the liquor more than 
enough to offset the chromium removed by combination with 
the hide substance. I t  is quite clear tha t one cannot de
termine the amount of m atter removed from  solution by 
noting the decrease in concentration of the liquor and cal
culating according to the instructions of the A. L. C. A. 
method.

S y n t h e t i c  T a n n i n s

A representative of a firm m anufacturing synthetic tan
ning materials of the Neradol type informed us tha t the use 
of the official method on their product meant nothing as it 
could be made to give any results desired. H e was anxious 
to learn if  the new method would indicate the per cent 
of m atter capable of forming a stable compound with hide 
substance. While we have done no work with syntans, as 
they are called, it is obvious that they differ from ordinary 
tan liquors in that they usually contain a large amount of 
free sulfuric acid. In  using the new method on such ma
terials there is the possibility tha t the acid might cause 
the hide substance to swell considerably during washing. 
This would slow- down the washing action and tend to favor 
decomposition of hide substance, with a consequent loss in 
accuracy of the method. I t  seems possible that this might 
be avoided by using tap water saturated with salt fo r the 
first washings, until all sulfuric acid was removed, and then 
completing the washing with distilled water.

S u m m a r y

A modification of the authors’ new method of tannin 
analysis is described wrhich results in a great saving of time 
and labor, and tends towards increased accuracy.

Objections raised against the new method are refuted.
I t  is shown tha t the principle underlying the present 

official methods is unsound.
A suggestion fo r using the new method with snytans is 

made.

According to the In tersta te  Commerce Commission’s 
figures, chemicals and explosives furnished railroads In the 
country 17,336,161 tons of freight during the calendar year 
1020. Fertilizers furnished 13,076,256 tons during the same 
period, these commodities together furnishing 1.30 per cent 
of the total tonnage carried by the railroads in 1920.

* U  Cuir. 9 (1920), 491.
I Chimit A  induitrU, t  (191B), 71. > Tai» Jo n a x ii, i j  (1921), 31,
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The Preparation of Ethylene by Hydrogenation of Acetylene1,2
By W illiam H. Ross, Jam es B. Culbertson and J. P. Parsons

C h e m i c a l  L a b o r a t o r y ,  E d g e w o o d  A r s e n a l ,  E d g e w o o d , M a r y l a n d

The earliest work 011 tlie hydrogenation of acetylene was 
done by Sabatier and Senderens during the course of their 
general investigations on the hydrogenation of organic com
pounds by catalysis.3 I t  was observed that when one volume 
of acetylene and three volumes of hydrogen were passed 
through a tube containing reduced nickel the tem perature 
rose to 100° to 150°, and the recovered gas consisted almost 
entirely of ethane and hydrogen. When the proportion of 
hydrogen was reduced to two volumes, the recovered gas 
consisted of 5.3 per cent acetylene, 15.0 per cent ethylene, 
and 79.1 per cent ethane. On reducing the proportion of 
hydrogen still further, the nickel became hotter, aromatic 
hydrocarbons were formed, and the recovered gas analyzed 
as follows: acetylene, 23.0 per cent, ethylene 18.3 per cent, 
ethane 61.0 per cent, and hydrogen 2.5 per cent.1

A  similar result was obtained with platinum, but a t the 
same tem perature this cata lyst is slower in its action.5 Re
duced copper a t temperatures of 150° or above also acts 
as a catalyst in bringing about the combination of hydrogen 
and acetylene to form  ethylene mixed with other hydrocar
bons. I t  was found, however, that when the mixture con
tained half its volume of acetylene the reaction was at
tended by the formation of cuprene and that this metal 
was therefore less promising than nickel for the hydrogena
tion of acetylene.0

Paal and his co-workers found that combination of hy
drogen and acetylene occurs when a m ixture of those gases 
is shaken with a colloidal solution of platinum or palladium 
in w ater.7. Using equal volumes of the gases mentioned, 
there was recovered in this way a gas which analyzed 80 
per cent ethylene.8

The reaction between the gases in this process is a rela
tively slow one, however, and when an excess o f hydrogen is 
used ethane is formed, as in the case of nickel catalyst.

The present paper describes experim ents th a t were un
dertaken to increase the yield of ethylene in the hydro
genation of acctylene by means of nickel.

P r e p a r a t i o n  o p  N i c k e l  C a t a l y s t

The catalyst was prepared from pure nickel n itrate, ac
cording to  the method of Sabatier and Espil.8 The oxide 
prepared from the nitrate was reduced to metallic nickel 
with hydrogen in the apparatus represented in Fig. 1. In  
order to remove the last traces of moisture and of oxygen 
from the hydrogen it was passed through sulfuric acid 
in the wash bottle E, over copper gauze, G, heated to 
redness in  the electric furnace F „  and finally over sticks, H , 
of solid potassium hydroxide. A t this point the flow of 
hydrogen was divided and directed into teach of four 
tubes, I, containing the nickel oxide to be reduced. The 
tubes were placed in an electric furnace, F 2 , and during he 
reduction were m aintained a t a  tem perature of 300°, as in
dicated by a thermometer placed in one of the tubes. The 
reduction of the oxide to metallic nickel was assumed to 
be complete when the moisture which first formed on the 
walls of the tubes leading to the absorption traps had com

1 R ec e iv ed  J u n e  15 , 19 2 1 .
’ P u b lis h e d  b y  p e r m is s io n  o f  t h e  D ir e c to r  o f  t h e  C h e m ic a l W a r 

f a r e  S e rv ic e .
* P a u l  S a b a t ie r ,  “  L a  c a t a ly s e  e n  c h lm ie  o r g a n lq u e ."
•C o m p t.  ren d ., 128 (1 8 9 9 ), 1173,
1 C o m p t. ren d ., 131 (1 9 0 0 ), 40,
• C o m p t. ren d .,  130 (1 9 0 0 ), 1659,
’ B c r„  43 .(1918 ), 275, 1195, 1202,
•C h e m ..Z t f f„  38 (1 9 1 2 ), 60,
• C o m p t, r e n d ., 15J (19 1 4 ), 60S,

pletely disappeared. W hen the furnaces were shut off fo r 
the night or at the end of the reduction, the outlets of the 
traps J  were closed, the hydrogen cylinder was shut off, 
and in its place there was joined in with the apparatus by 
means of the 3-way stopcock the reservoir of hydrogen, D. 
Iu  this way the catalyst could be cooled in hydrogen with
out any decrease in pressure occurring in the tubes.

A-nronoct* crt/HO** r-titcm ic
B-MTO#C6£M KfCi/lM TOK 6 -C O PP E0  G A U Z t
c-rM X t£ -tvA r s t o p c o c k  n - N a o n  s t i c k s

Each tube in which the nickel oxide was reduced was 
about 30 cm. long and 2 cm. in  diameter, and was sealed at 
each end to a coarse capillary tube about 10 cm. long. The 
nickel oxide was placed in the tube afte r one of the capillary 
tubes had been sealed on. The quantity o f oxide taken 
amounted to about 20 g., sufficient to fill the tube about one- 
third full. This was spread out in a  train covering the 
whole length of the tube when placed horizontally. Metallic 
nickel deposited on 20-mesh pumice was also used.

A p p a r a t u s  a n d  M e t h o d  

In  testing out the action of nickel catalyst on mixtures 
of hydrogen and acetylene use was made of the apparatus 
represented in Fig. 2. The two gases were measured and 
mixed in the graduated gas buret C, of 300-cc. capacity. 
The tube containing the reduced nickel is represented at G 
in the figure. F  is a manometer in connection with the 
tube, and H  is a graduated receiver in which the gases 
could be collected over mercury afte r passing through or 
over the catalyst.

Before introducing the hydrogen-acetylene mixture into 
the catalyst tube, the hydrogen remaining in the tube afte r 
the reduction of the nickel waa pumped out to a pressure of 
about 6 cm., as indicated by the manometer, This was done 
by closing the stopcock A, and opening A,. The leveling 
bottle of the receiver H  was then lowered so as to create a
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decrease in pressure within the catalyst tube. The gas 
withdrawn into H  was discharged through the outlet B„ and 
the process was repeated if  necessary until the desired 
vacuum was obtained.

By cautiously turning stopcock A t the gaseous mixture 
from the buret C could be passed over the catalyst a t any 
desired rate, as indicated by the mercury trap  D ; or by 
opening stopcocks E  and A t the mixture could be passed 
quickly into the catalyst tube to normal pressure and left 
in contact with the catalyst as long as desired. This latter 
procedure was followed in most of the experiments.

W hen equal parts of hydrogen and acetylene combine 
to form  ethylene a  reduction in volume occurs to one-half 
o f the original mixture, while a still greater decrease in 
volume occurs if  the reaction proceeds to paraffin form a
tion. Any reaction which takes place when a mixture of 
hydrogen and acetylene is quickly passed to  normal p res
sure into an evacuated catalyst tube will therefore be indi
cated when connected with the apparatus of Fig. 1 by a 
rise of the mercury in the manometer F . The time taken 
fo r the mercury to rise any given height will likewise indi
cate the rapidity at which the reaction takes place. W ith 
an active catalyst a t room tem perature and in a  tube hold
ing about 75 cc. of free gas, the column of mercury in the 
manometer afte r adding a mixture of equal volumes of hy
drogen and acetylene was often observed to rise to a height 
of 38 cm. in 1.5 min. W ith an inactive catalyst, on the 
other hand, no change took place in the level o f the mercury.

A d s o r p t i o n  o f  H y d r o g e n

kt the end of the first day’s experiments the hydrogen- 
«cetylene mixture tha t had been in contact with the catalyst 
was pumped out, and hydrogen was added to normal pres
sure, with a view to decreasing the danger of any leak into 
the apparatus while standing over night. Instead of the 
pressure remaining constant as was expected, the mano
meter indicated almost as great a degree of exhaustion 
within the tube as before the hydrogen was added. A 
similar result was also observed, but to a less marked ex
tent, when acetylene was passed into an evacuated tube that 
had previously contained hydrogen. However, when a tube 
containing freshly reduced nickel was exhausted in the same 
way and hydrogen was introduced again, no decrease in 
pressure occurred.

These results could bo explained if  active nickel has the 
power of adsorbing an appreciable amount o f hydrogen or 
acetylene, which is retained on the surface of the finely di
vided metal afte r the free gas within the tube had been 
pumped out. Experim ents were accordingly undertaken to 
measure the extent of such adsorption of hydrogen, acety
lene, and ethylene as occurred in the catalyst used in the 
experiments. This work has not yet been completed, but 
the prelim inary resu lts indicate th a t a t  ordinary tem pera
ture hydrogen is adsorbed in active nickel to a considerably 
greater extent than in coconut charcoal.1

The fact being established that the active nickel used in 
these experiments contained adsorbed hydrogen, a further 
study was made of its action by exhausting a tube contain
ing active catalyst and then quickly passing in acetylene 
alone to normal pressure. Reaction a t  once took place, as 
indicated by a rapid  rise of the mercury in the manometer. 
The tube was then pumped out as before, and acetylene 
was again added. On repeating this treatm ent a number 
of times it was found that acetylene could be left in con-

1 C f. L. T r o n s t  a n d  P . H a u te fc u l l l e ,  C om .pt. r e n d . ,  8 0  ( 1 S 7 5 ) ,  7 8 S : 
G. P . B a x te r ,  A m . C h em . J „  22  ( 1 8 9 9 ) ,  8 5 1 :  A d o lf  S le v e r ts ,  Z .  
p h y t i k .  c h f m .  0 0  ( 1 9 0 7 ) ,  1 2 9 ;  7 7  ( 1 9 1 1 ) ,  5 9 1 ;  M . M a y e r  a n d  V. 
A l tm a y e r ,  B e r . ,  41  ( 1 9 0 8 ) .  3 0 6 2 ;  G . N e u m a n  a n d  F . S t r e ln tz ,  M o n -  
a t t h ,  12  ( 1 8 9 1 ) ,  6 4 2 ;  T . W . R ic h a r d s  a n d  A. S . C u s h m a n . P roo . A m .  
A c a d .,  34 ( 1 8 9 9 ) ,  333 .

tact with the catalyst indefinitely without any change tak
ing place in its composition. That the catalyst still re
mained active was shown by pumping out the acetylene 
and filling the tube with hydrogen. A marked reduction of 
pressure quickly took place, hydrogen disappeared, and the 
recovered gas consisted largely of ethane. By repeating 
the treatm ent with hydrogen, the acetylene in turn  was 
eliminated and hydrogen could then be left in contact with 
the catalyst without any reduction in pressure taking place. 
These results indicate that acetylene will react with the hy
drogen adsorbed in nickel catalyst; that the adsorbed hydro
gen in an active catalyst can be removed by repeated 
treatment with acetylene without destroying its activity; 
that an active catalyst from which the adsorbed hydrogen 
has been removed lias no action on acetylene; and that 
aeetylene as well as hydrogen is adsorbed in active nickel.

M e a s u r e m e n t  o p  R e l a t i v e  A c t i v i t y  o p  C a t a l y s t s

Those results suggested a simple method of measuring the 
relative activity of different nickel catalysts by connecting 
each tube in turn  in the apparatus, exhausting to a given 
pressure, quickly passing in a  mixture of equal parts  of 
hydrogen and acetylene to normal pressure, and noting the 
time taken fo r the mercury to rise to a given height while 
the tube was maintained at constant temperature. The ac
tivity of the different catalysts was assumed to be pro
portional to  the ra te  a t  which the m ercury rose in the 
manometer. Having made these determ inations in por
tions of different catalysts, steps were also taken  to  de
term ine the adsorbed hydrogen by combustion in the re 
maining portion of each, w ith a view to ascertaining if 
the activity  of a cata lyst in the hydrogenation of ace
tylene is proportional to its capacity for adsorbed hy
drogen. This work has not yet been completed.

F o r m a t i o n  o p  E t h a n e

Since reduced nickel contains adsorbed hydrogen it will 
follow that a catalyst tube that has been evacuated and filled 
with a hydrogen-acetylene mixture of equal parts  will ac
tually contain an excess of hydrogen over that required for 
ethylene. Reduction of the la tte r to ethane would therefore 
be expected. This was found to be the ease in  a set of ex
periments in which a mixture of equal parts  of hydrogen 
and acetylene were passed over a  new catalyst at ordinary 
tem perature a t the rate of 2 cc. per min. The recovered 
gas was found to contain only a trace of acetylene, 8.7 per 
cent of ethylene, and over 80 per cent of paraffins. The 
experiments were repeated with the reacting tube main
tained at a  tem perature of — 10° by surrounding it with 
a freezing mixture. I t  was thought that a t this temperature 
the reduction of ethylene to ethane might possibly be di
minished or entirely inhibited. A t the lower temperature 
the activity of the catalyst was found to have decreased 
somewhat. By regulating the flow of the gas, samples 
were sometimes recovered containing upwards of 50 per 
cent ethylene, but in every case a considerable percentage 
of ethane was also present. M ixtures of equal volumes of 
ethylene and hydrogen were substituted fo r the acetylene- 
hydrogen mixtures and passed over the catalyst at the same 
tem perature as before. I t  was found that when the flow 
of the gas was sufficiently reduced almost complete con
version into ethane took place. This shows that ethylene 
as well as acetylene will undergo hydrogenation a t a tem
perature as low as — 10°.

Since there is a reduction in volume to one-half when 
equal parts of hydrogen and acetylene combine to form 
ethylene while the decrease in volume is still greater if  the 
reaction proceeds to paraffin formation, i t  was thought that 
possibly the pressure of the gases in the catalyst tube might
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T a b l e  I . — P e r c e n t a g e  C o m p o s i t i o n  o f  C o m p o s i t e  S a m p l e s  o f  G a s  C o l l e c t e d  w h e n  M i x t u r e s  o f  H y d r o g e n  a n d  A c e t y l e n e
w e r e  P a s s e d  O v e r  N i c k e l  C a t a l y s t . *
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have some effect on the reaction as suggested by Le Chate- 
lier’s principle. The experiments were accordingly repeated 
by passing the gaseous mixture over the catalyst a t room 
tem perature but a t different pressures below normal. I t  
was not noticed, however, that the change in pressure, 
which was varied from normal to one-twelfth of an atm os
phere, had any appreciable effect, under the conditions of 
the experiment, in decreasing the proportion of ethane 
formed.

Y i e l d  o f  E t h y l e n e

The experiments were repeated with a freshly reduced
 talyst from  which all adsorbed hydrogen was removed by
repeated treatm ent with acetylene. The tube was then ex
hausted, and equal volumes of hydrogen and acetylene were 
passed in quickly to normal pressure and allowed to remain 
until the pressure decreased to  half an  atmosphere. The 
resulting: gas was then pumped out and analyzed. By this 
trea tm en t there was obtained a m arked increase in the 
percentage of ethylene formed. Results of analyses of 
composite samples collected over several days are given 
in Table I.

From the results given in Table I  it is seen that a  com
paratively small variation in the proportion of hydrogen 
to acetylene in the mixture taken produces a marked change 
in the composition of the recovered gas. Best results seem 
to be attained when the! hydrogen in the mixture is slightly 
in excess of the acetylene. A fu rther increase in the pro
portion of hydrogen, however, results in a  decrease of 
ethylene with a  corresponding increase of ethane. When a 
considerable excess of acetylene is taken, no hydrogen is 
found in the recovered gas and very little ethane. In  a 
series of experiments in which the proportion of acetylene 
to hydrogen in the m ixture varied up to two parts  o f the 
former to one of the la tter it was found tha t the acetylene 
and ethylene in the recovered gas amounted to 91.5 per 
cent. The impurities in the gas which came from that 
occurring in  the original mixture amounted to 5.4 p er cent, 
which leaves'a total of only 3.1 per cent fo r the ethane and 
other constituents which make up the balance of the gas.

The acetylene used in these experiments was obtained 
from an ordinary acetylene cylinder. An analysis o f the 
gas a t the beginning of the experiments showed 94.7 per 
cent of acetylene which la ter increased to 96.4 p er cent, 
and finally to 98.1 per cent. The purity  of the hydrogen 
amounted to 99.3 per cent. I f  one volume of hydrogen 
were to combine with one volume of acetylene to give one 
volume of ethylene, then the impurities in the product, 
which owe their source to tha t occurring in the original 
mixture, would amount a t first to 6.0 per cent, and with 
the gases finally used, to 2.6 per cent. The excess o f the 
nonabsorbable and noncombustible components found in 
the recovered gas, over what was to be expected from the 
impurities in the original mixture, was no doubt due to a

slight leak of air through the stopcock As (Fig. 2) as the 
apparatus was being pumped out.

To determine if  any slight decomposition of acetylene 
occurs when in contact with active nickel, an analysis was 
made for carbon and hydrogen in a  catalyst that had been in 
almost constant use for a period of several weeks. Mixtures 
of equal parts of hydrogen and acetylene were passed over 
the nickel before being taken from the tube. The analysis 
as determined by combustion showed the presence in the 
nickel of 1.09 per cent of carbon and 0.41 per cent of hydro
gen by weight. The ratio of hydrogen to carbon in the 
sample was therefore even greater than that corresponding 
to methane. I f  the carbon occurred in the sample analyzed 
in the free state, then the hydrogen would have a  volumo 
under standard conditions of about 400 c'c. per unit volumo 
of the nickel. This is greatly in excess of the quantity 
found adsorbed in a freshly prepared catalyst. I t  must 
therefore be concluded that no appreciable amount of car
bon was deposited on the nickel and that the carbon and 
hydrogen found owe their source to free hydrogen and to 
hydrocarbons which are either adsorbed in, or deposited on, 
the nickel.

L a r g e - S c a l e  A p p a r a t u s  

In  order to collect larger quantities of ethylene than cotdd 
conveniently be done with the equipment shown in Fig. 2, 
use was made of a  second apparatus as represented in  Fig.
3. The hydrogen and acetylene mixture was stored in the 
rubber bag of the gasom eter Ai, of 2000-cc. capacity. By 
means of the pressure supplied by the head of w ater in 
the aspirator bottle J ,  the gas in the bag could be passed 
at any rate through the stopcock C„ the mercury trap  E, 
and the catalyst G, and be collected in the bag of the gaso
meter A . .  The w ater of this gasometer was displaced 
through B... The rate a t which the gas was passed over 
the catalyst could be roughly measured by counting the
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bubbles per second passing through E. On an average each 
bubble had a volume of 0.06 ec. To remove the adsorbed hy
drogen from a freshly prepared catalyst, the tube in which 
it was contained was evacuated through the outlet I 2, after 
closing C, and opening C3. The latter stopcock was then 
closed, and the pressure within the tube was brought to 
normal again by passing in a portion of the hydrogen- 
acetylene mixture from A, through the by-pass P. When 
the mercury rose to a constant height in the manometer 
the gas was again pumped out, and the process was re 
peated until the composition of the recovered gas became 
constant. The same mixture was now passed slowly at 
practically normal pressure over the catalyst, and the prod
uct of the reaction was collected in the gasometer Aa. With 
an arrangement o f this kind the reaction could bo allowed 
to proceed a t night, as the flow of w ater from J  auto
matically stopped when the bag in the gasometer A 1 be
came empty.

Sample A, Table I, represents the average of several 
-  irnples collected while the rubber bag of the gasometer A„ 
was suspended in the air. The analysis would seem to in
dicate that a slight exchange of gas had taken place through 
the walls of the bag. Sample B represents the mean of 
several collected with the bag in the gasometer as shown.

M e t h o d s  o p  A n a l y s i s

In  the preliminary experiments described in the early 
p a rt o f this work, use was made of the Tucker and Moody 
method fo r determining ethylene in the presence of acety
lene.1 This method consists in passing the gases through 
an ammoniacal silver nitrate solution, which is claimed to 
remove the acetylene completely, but only a relatively small 
amount of ethylene. I t  was found, however, that the 
quantity of ethylene absorbed so varied with different con
ditions, particularly with the time the mixture was shaken 
with the silver nitrate solution, as to make the method im
practical for determining the degree to which the composi
tion of the recovered gas was affected by any modification 
in the conditions of the experiment.

Tests were made with a method developed du’-m? the 
course of th is work by Ross and Trum bull,2 of this labora
tory. This method, which is based on the volumetric de
termination of the nitric acid set free when acetylene is 
precipitated with excess o f silver nitrate solution, was found 
to be rapid, accurate, and simple of manipulation, and it 
therefore greatly facilitated the progress of this investiga
tion. In the analysis of samples containing ethylene, as well 
as acetylene, the percentage of the form er present was taken 
as the difference between the total percentage absorption in 
fuming sulfurie acid and the value obtained fo r the p er
centage of acetylene in the sample. F or the determination 
of the other components in the sample analyzed use was 
made of the usual methods of gas analysis as described in 
Dennis’ "  Gas Analysis.”

E x p e r i m e n t s  w i t h  F i l c h a r  a s  C a t a l y s t

Since charcoal is known to act as a catalytic agent in 
bringing about reactions between different gases, as for 
example in the combination of carbon monoxide and chlorine 
to make phosgene, it was thought advisable to test any effect 
which the material might have on the hydrogenation of 
acetylene. The material selected for the experiments con
sisted of screened filchar o f medium-sized grains. This 
was placed in a Pyrex glass tube similar to that used in 
the experiments with nickel catalyst. The tube was heated

1 J .  A m . C h e m . S o c .,  2 3  ( 1 9 0 1 ) ,  C71 ; s e e  a ls o  D e n n is .  “  G as  A n a l
y s i s / '  p. 249 .

- J .  A m . CJiem. Soc .. 41 (1919>, 1180.

to 700°, and chlorine was passed through until the char
coal had undergone complete chlorination and all ta rry  mat
ter present in the pores of the material had been destroyed. 
Nitrogen was then passed through the tube a t the same 
temperature as before, followed by enough hydrogen to 
drive out the nitrogen, afte r which the tube was allow’ed 
to cool down in an atmosphere of hydrogen. The tube 
containing the filchar was then placed in an apparatus simi
la r to th a t represented in Fig. 2. The gas was pumped out 
to 6 cm. of mercury, and a mixture of hydrogen and acety
lene in equal volumes was added a t normal temperature. 
A fter standing fo r several hours the rise of mercury in the 
manometer amounted to only a few millimeters. A t 50° 
and even at 100° the rise of mercury was still less than at 
normal temperature. This shows, as was also confirmed 
by an analysis of the gas, that under the conditions of the 
experiment filchar is without action in bringing about the 
combination of hydrogen and acetylene.
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S u m m a r y

Metallic nickel reduced from the oxide at 300° has a 
greater capacity than coconut charcoal fo r adsorbing hy
drogen a t ordinary temperature. When a mixture of equal 
volumes of hydrogen and acetylene is passed into an 
evacuated tube about one-third filled w ith freshly  reduced 
nickel, the hydrogen adsorbed in the nickel, together with 
that added, may bo sufficient to bring about the complete 
reduction of the acetylene to ethane. By repeating the 
process of evacuating the tube and passing in the hydro- 
gen-acetylene mixture until the excess of hydrogen is used 
up, a product may be obtained which contains upward of 
80 p er cent of ethylene. A comparatively small variation 
in the composition of the mixture taken produces a con
siderable change in the composition of the recovered gas. 
Best results seem to be obtained when the hydrogen in the 
mixture is slightly in excess, but as this is fu rther increased 
the ethylene decreases, w ith corresponding increase of 
ethane. As the acetylene in the m r tu re is increased the 
ethane in the product decreases, and the sum of the ethylene 
and acetylene increases.

The adsorbed hydrogen in an active nickel catalyst may 
be eliminated without destroying its activity by repeated 
treatment with acetylene. The catalyst is then without ac
tion on either ethylene or acetylene,

A simple apparatus is described fo r measuring the rela
tive activities of different nickel catalysts.

VULCANIZATION OF RUBBER

A new method for the vulcanization of rubber is de
scribed in a recent article by Professor Bruni of the 
Pirelli Research Laboratories, Milan, Italy . He sta tes 
th a t if certain  accelerators such as thiocarbanilide which 
are formed by the action of an organic am ine and carbon 
bisulfide are produced relatively to the rubber in the 
nascent sta te , particu larly  in the presence of zinc oxide, 
curing takes place a t  ordinary tem peratures.
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Viscosity-Temperature Curves of Fractions of Typical American Crude Oils1,1
By E. W. Dean and F. W. Lane

B o b e a u  o f  M i n e s , P e t r o l b o m  D i v i s i o n , C h e m i c a l  S e c t i o n , P i t t s b u r g h , P a .

Published inform ation regarding the variation of the 
viscosity of petroleum oils with tem perature is,- according 
to the observations of the authors, notably inadequate. Rel
atively few data are available in prin t, and in all cases 
there is a decided absence of information regarding the 
origin and history of the samples on which tests were made. 
The investigation reported in the present paper was under
taken by the Bureau of Mines fo r the purpose of obtaining 
figures showing the viscosity-temperature relationships of a 
reasonably wide range of petroleum fractions of known 
origin and of accurately determined physical properties.

S c o p e  a n d  G e n e r a l  M e t h o d  o p  P r o c e d u r e

The following three crude oils were selected fo r the pres
ent series of tests :

1—A sample of Pennsylvania crude petroleum obtained from 
a small refinery located in Pittsburgh, Pa. This oil was regarded 
as representative of the so-called “paraffin base” class.

2—A sample of crude petroleum from the Sunset Field, Kern 
County, Cal., which was regarded as representative of the class 
of so-called “naphthene base” oils.

3—A sample of crude petroleum from the Salt Creek Field, 
Natrona County, Wyo.. which was regarded as representative 
of the class of so-called ‘‘intermediate base” oils.

Analyses of these samples according to the Bureau of 
Mines procedure for crude oil appear in Table I.

The viscosity determinations recorded in subsequent tables 
were made on fractions distilling a t atmospheric pressure 
between limits of 100° to 125° C. (212° to 257° F .) 125° 
to 150° C. (257° to 302° F .) , etc., up to 250° to 275° C. 
(482° to 527° F .) ,  and oil all the “ vacuum ” fractions. 
These fractions are designated hereafter by letters and 
numbers indicating the crude from which they were derived, 
the pressure under which they were distilled, aiid the upper 
(centigrade) distillation limit. Thus, for example, “W-V- 
250” represents a fraction from Wyoming crude, separated 
between limits of 225° to 250° C. (437° to 482' F .) in the 
“ vacuum ” distillation a t 40 mm. ; “ C-A-175 ” indicates a 
fraction from California crude, distilling between 150° and 
175° C. (302° to 347° F .)  a t atmospheric pressure, etc.

Viscosity determinations were made at the following 
temperatures: 0° C., 10° C., 20° C., 30° C., 40° C., 50° C., 
60° C., 80° C., and 100° C. (32° F ., 50° F., 68° F., 8G° F., 
104° F., 122° F ., 140° F ., 176° F ., and 212° F .) . F or 
obvious reasons, tests were not made at all points on all 
fractions; some of the fractions distilling a t atmospheric 
pressure have excessive vapor pressures at 80° C. and 100° 
C., and some of the “ vacuum ” fractions solidify partly  or 
totally a t temperatures as high as 30° C.

The determinations of viscosity-temperature curves for 
distillation fractions were supplemented by tests on the fol
lowing oils: (1) The residuum (designated as “ P-R ”) from 
the distillation of the Pennsylvania crude, (2) a mixture 
(designated as “ P -m ix t” ) of this residuum and the Penn
sylvania fraction “ P-V-225,” and (3) a mixture (designated 
as “ P-C -m ixt” ) o f “ P - R ” and the California fraction 
" C-V-250.”

Results in terms of kinematic viscosity (absolute viscosity 
divided by density) are given in full. Saybolt Universal 
equivalents are given fo r the m ajority of figures represent
ing kinematic viscosities in excess o f 0.0142 (32 sec., Say-

•Presented before th e  S ection  of P etro leum  C h em is try  a t  th e  61st M ee t
ing of th e  A m erican  C hem ical Society, R ochester, N . Y ., A pril 26 to  29, 1921.

•Published b y  perm ission of th e  D irec to r, U . S. B u reau  of M ines.

T a b l e  I — R e s u l t s  o p  R o u t i n e  A n a l y s e s  o f  S a m p l e s  o p  C u u d e  P e t r o l e u m  
f r o m  W h i c h  w e r e  O b t a i n e d  t h e  F r a c t i o n s  U s e d  f o r  V i s c o s it y - T e m -  
p e r a t u r e  M e a s u r e m e n t s

S a m p l e  N o . 640
P enn sy lv an ia
Specific g rav ity —0.809 B au m 6 g ra v ity — 13.1°
P e r  ce n t su lfu r—0.16 P e r  ce n t w a te r— N il

D i s t i l l a t i o n , B u r e a u  o f  M i n e s  H e m p e l  M e t h o d  
A ir d is tilla tio n , first d rop , 24°C. (75°F.)
T em p era tu re  P er Sum  Sp. gr. °Bé. Viscos- C loud  T em p era tu re

C. ce n t P e r  C u t  C u t  ity* T e s t  °F.

U p  to  50 
5 0 -  75 
75-100 

100-125 
125-150 
1 5 0 -1 /5  
1/5 -2 0 0  
200-225  
225-250 
250-275

C u t
1 .5  
2.8 
3 .3  
7 .2  
6 .0
6 .5
5 .5
6 .5  
5 .9  
7 .0

C en t
1 .5  
4 .3
7 .6

1 4 .8
20.8
2 7 .3  
3 2 .8
3 9 .3
4 5 .2
5 2 .2

V acuum  d is tilla tio n  a t  40m m . 
U p  to  200 4 .6  4 .6
200-225  5 .2  9 .8
225-250 5 .2  1 5 .0
250-275  5 .2  2 0 .2
275-300  6 .0  2 6 .2
R esiduum

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

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

89.1
8 1 .5  
6 9 .4  
6 2 .3  
5 / . /
5 4 .2  
5 1 .1
4 8 .3
4 5 .7
4 2 .8

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

3 9 .1
4 4 .5
5 3 .5
7 1 .2  

109 .5  
7 2 6 .8

U p to  122 
122-167 
167-212 
212-257 
2 5 /-3 0 2  
302-347 
3 4 /-3 9 2  
392-437 
137-482 
482-527

16 U p  to  392 
36 392-437
55 437-482
74  482-527
90 527-572

R esid u u m
C arbon  residue of residuum — 2.3 p e r cen t 

S a m p l e  N o . 474
C alifo rn ia  S u n se t F ield  K orn  C o u n ty
Specific g ra v ity —0.878 B au m 6 g ra v ity — 29.5°
P e r  ce n t su lfu r— 0.73 P e r  ce n t w a te r— N il

D i s t i l l a t i o n , B u r e a u  o f  M i n e s  H e m i e i  M e t h o d  
A ir d is tilla tio n , first d ro p —26C°. (79°F .)
T e m p era tu re  P er S um  S p .g r .  °Bé. V isco s-C lo u d  T e m p era tu ro

°C. cen t P e r  C u t Cut* i ty  T e a t °F.
C u t ce n t °F .

75-100  1 .3  1 .3  0 .7 4 2  5 8 .7  167-212
100-125 3 .9  5 .2  0 .7 6 1  5 4 .0  212-257
125-150 4 .5  9 .7  0 .7 8 2  4 9 .0  257-302
150-175 4 .0  1 3 .7  0 .8 0 5  4 3 .9  302-347
175-200 3 .7  1 7 .4  0 .8 1 8  4 1 .1  347-392
200-225 4 .8  2 2 .2  0.8-14 3 5 .9  392-437
225-250  5 .5  2 7 .7  0 .8 6 0  3 2 .8  437-482
250-275  5 .9  3 3 .6  0 .8 7 4  3 0 .2  482-527
V acuum  d is tilla tion  a t  40mm .
U p to  200 3 .6  3 .6  0 .891  2 7 .1  4 2 .5  U p to  392
200-225 4 .8  8 .4  0 .9 0 4  2 4 .9  5 3 .8  392-437
225-250  4 .9  1 3 .3  0 .917  2 2 .7  8 9 .4  437-^82
250-275  5 .3  1 8 .6  0 .9 3 2  2 0 .2  203 .1  482-527
275-300  8 .3  2 6 .9  0 .9 4 2  1 8 .6  4 2 7 .3  527-572

C arb o n  residue of res id u u m — 16.4 p e r  cen t 
S a m f i e  N o . 561

W yom ing  S a lt C reek  F ie ld  N a tro n a  C o u n ty
Specific g rav ity —-0.841 B aum é g ra v it3'— 36.5°
P e r  ce n t su lfu r— 0.1S P e r  ce n t w a te r— Nil

D i s t i l l a t i o n , B u r e a u  o f  M i n e s  H e m p e l  M e t h o d  
A ir d is tilla tio n , first d ro p —25°C. (77°F.)
T o m p cra tu re  P e r  S u m . Sp. g r. °Be. Viscos- C loud  T e m p era tu re  

°C. ce n t P e r  C u t  C u t ity* T e s t °F .
C u t  ce n t °F.

U p  to  50 1 .4  1 .4  0 .6 6 9  7 9 .3  U p  to  122
5 0 - 7 5  1 .8  3 .2  122-167
75-100  4 .5  7 .7  0 .7 1 6  6 5 .5  167-212

100-125 6 .7  1 4 .4  0 .7 4 4  5 8 .2  212-257
125-150 5 .1  1 9 .5  0 .7 6 4  53 2 257-302
150-175 5 .8  2 5 .3  0 .7 8 3  4 8 .8  302-347
17,r>-200 4 .0  2 9 .3  0 .7 9 7  4 5 .7  347-392
200-225 4 .4  3 3 .7  0 .8 1 0  4 2 .8  392-437
225-250 5 .4  3 9 .1  0 .8 2 2  4 0 .3  437-482
250-275  6 .3  4 5 .4  0 .S 3 3  3 8 .1  482-527
V acuum  d is tilla tio n  a t  40m m .
U p to  200 4 .1  4 .1  0 .8 4 9  3 4 .9  4 0 .1  19 U p to  392
200-225  6 .1  1 0 .2  0 .8 5 2  3 4 .3  4 5 .2  39 392-437
225-250  6 .1  1 6 .3  0 .8 5 0  32 . S 5 7 .6  63 437-482
250-275 5 .6  2 1 .9  0 .S 6 5  3 1 .9  8 0 .2  77 482-527
275-300  5 .4  2 7 .3  0 .8 7 4  3 0 .2  1 3 0 .8  90 527-572

C arb o n  residue[of res iduum — 6 .1 per cen t 
»Viscosity figures are  S ay b o lt U n iversa l sec., a t  100°F.

bolt Universal). Transformations were made by the use of 
the Bureau of Standards equation1

V t = 0 .0 0 2 2 0  I,
1 .8 0

t.
in which Vfc is kinematic viscosity and t„ Saybolt Universal 
viscosity.

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

The distillation methods used fo r p reparing the various 
fractions are to be described in full in Bureau of Mines 
Bulletin  207, which will be published a t a slightly later

«W. II . H erschel, “ S tan d a rd iza tio n  of th e  S aybo lt U n iversa l v iscosim ete r,” 
B u reau  of S tan d a rd s, Technologic Paper 112 (1919), 2d ed ., 19.
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date. The method in
volves distilling a 300- 
cc. charge of oil in a 
s p e c i a l  glass flask, 
equipped w ith a  6-in. 
Hempel column, until a 
vapor tem perature of 
275° C. (527° F .) is 
reached. The flask and 
its contents are then 
allowed to  cool. The 

;/y Hempel column is re- 
' about 3CC moved and replaced by 

a “spray catching” de
vice consisting of three 
inverted gauze cones. 
The flask is attached to 
a p r  o p e r  ly designed 
“vacuum” system, and 
the distillation is con
tinued a t a reduced 
pressure of 40 mm. ab
solute until a  vapor 
tem perature of 300° C. 
(572° F.) is reached. 
Fractions are separated 
a t  tem perature lim its 
th a t are multiples of 
25° C. (The respective 
Fahrenheit lim its are 
45° apart.)Capacity 

about io  CC

, „  , . Viscosity determina-
Fig:. 1— F o rm  a n d  a p p ro x im a te  d im en - 

s io n s  o f  tw o  ex tre m e s  o f s e t  o f O stw a ld  t lO n S  \V61*e m a d e  b y

plrimentcsters U9ed ■*" Pre3cnt Seric3 °f eX'  means of s p e c i a 11 y 
constructed Ostwald viscosimeters, about a  dozen of 
which were used. These instruments varied somewhat in 
tho size of the upper bulb and the length and bore of the 
capillary. The approxim ate dimensions of two extremes of 
the set are shown in Fig. 1. Viscosimeters having relatively 
large bulbs and long, fine capillaries were, of course, used 
fo r the less viscous fractions, whereas fo r viscous oils the 
small-bulbed instruments with shorter, wider capillaries 
were more convenient.

m e t h o d  o p  f i l l i n g  v i s c o s i m e t e r s — The problem of fill
ing viscosimeters offered a little difficulty, as the conven
tional procedure of introducing a known volume of liquid 
from a p ipet is obviously unsatisfactory in the ease of the 
more viscous fractions. The scheme finally adopted in
volved using the lower reservoir of the viscosimeter as a 
measuring container. The process of filling was accom
plished by setting up a viscosimeter in a vertical position 
and introducing oil through the wider arm  by means of a 
p ipet or pressure injector equipped with a long, slender tip. 
The oil was run in “ drop-wise ” afte r the reservoir had be
come approxim ately three-quarters full and the flow was 
stopped as soon as the level of the liquid reached the junc
tion of the capillary and the reservoir. This point was 
indicated very accurately by a “ shooting up ” when the oil 
first entered the capillary.

s t a n d a r i z a t i o n  o p  v i s c o s i m e t e r s —Each viscosimeter 
was standardized by determining the efflux time with each 
of at least two liquids of known viscosity, the “ known ” 
liquids being distilled water, and samples of oil fo r which 
kinematic viscosity figures were supplied by the Bureau of 
Standards. The selection of calibrating liquids was de
termined by the “ rapidity ” or “ slowness” of the viscosim
eter under test. For the “ slower ” instruments, th a t is,

the ones with large bulbs and long, fine capillaries, water 
and one of the less viscous “ standard ” oils were used. 
The more “ rap id  ” viscosimeters were standardized with 
two oil samples. The method of standardization involved 
the assumption of the following relationship:

V*=A( (1)
in which Vfc is kinematic viscosity, t the efflux time and A 
a constant characteristic of the viscosimeter. The general 
equation is

Vt = A t - j  (2)

in which the term  ® (the kinetic energy correction) is neg
ligible if  the rate of flow of liquid through the capillary is 
sufficiently slow. The employment of two liquids in the 
standardization of each viseosimcter indicated the negligible 
magnitude of the “ kinetic energy correction ” fo r when 
two liquids of differing viscosity give the same value for A 
in Equation 1 it is obvious that neither of them flows with 
sufficient rapidity  to necessitate the use of Equation 2.

t h e  “ f i l l i n g  f a c t o r  ”—In  case a viscosimeter is filled 
a t one tem perature and the efflux time is determined at some 
other tem perature, it is obvious that some sort of a correc
tion factor must be employed to compensate fo r the change 
in  “ head ” brought about by therm al expansion or con
traction of the oil. F o r purposes of operating convenience 
the authors usually filled viscosimeters at temperatures of 
either 25° C. (77° F .) or 100° C. (212° F .) . Actual de
terminations of viscosity were, of course, made a t tempera
tures ranging from 0° C. (32° F .) to 100° C. (212° F .) . It 
was necessary, therefore, to use a series o f so-called filling 
factors to compensate fo r the errors tha t would otherwise 
have been introduced by this detail of procedure. An 
average factor was determined for the whole set of instru
ments by making viscosity tests on certain oils at 100° C. 
(212° F .) w ith filling tem peratures of 25° C. (77° F .) and 
100° C. (212° F .) . The average ratio fo r this difference 
in filling tem perature was 1.023 a t 100° C. Using this 
figure as a basis, the set of “ filling factors ” given in 
Table I I  was calculated.
T a b l e  I I — F i t  l i n o  F a c t o r s  t j r k d  w h e n  V i s c o s i m k te r s  a r e  F i i i .e d  a t  

2 5 °C . (7 7 °  F .)  o r  100° C . <212° F .)  a n d  V i s c o s i t y  D e t e r m in a t io n s .*  m ade 
a t  O t h e r  T e m p e r a t c h e »

T e m p e ra tu re  n t w hich  "F illin g  F a c to r”  w hen "F illin g  F a c to r"  when 
V iscosity  D ete rm in a tio n  P ip e t is F illed  n t P ip e t is Filled a t

^ l s M a d o  ^  2 5 “ C . (77° F .) 100° C . (212° F.)

0 32 0.992 ____
10 5 0  0 .9 9 5
20 08 0.999 • . . .
30 86 1.002 0.979
40 101 1.005 0.982
50 122 1.008 0.0S5
60 IrO 1.011 0.988
70 158 1.014 0.991
80 176 1.017 0.994

100 212 1.023 1.000

The equation actually used for the calculation of results
therefore takes the form :

Vfc= Atf 1 (3)
in which Vjt is kinematic viscosity, A the constant charac
teristic o f the viscosimeter used, and f  a properly selected 
filling factor from Table II .

I t  should perhaps be stated that the authors recognize 
the fact that their method of standardization and calculation 
involves certain approxim ations that would not be justi
fiable if the highest possible degree of precision were neces
sary. I t  has seemed, however, that the consumption of time 
necessary fo r increased accuracy is greater than is war
ranted through any possible advantage that could be gained.

m i s c e l l a n e o u s  o p e r a t i n g  d e t a i l s — Actual determina
tions were made with the viscosimeters immersed in constant 
temperature baths. A vigorously stirred m ixture of cracked 
ice and distilled water gave a tem perature of 0° C. (32” 
F .) , while tem peratures from 10° C. (50° F .)  to 70° C.
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0 20 40 60 80 /OO
Fennsy/vanJa Fractions Californie? Fractions 

Temperature, °C.
F ig . 2— V is c o s ity - te m p e ra tu re  cu rv es  o f s e ts  o f  d is ti l la tio n  f ra c t io n s  

derived  f ro m  P e n n s y lv a n ia  a n d  C a l ifo rn ia  c ru d e  p e tro le u m

(158° F .) were maintained by the use of w ater batlis 
equipped with the conventional devices fo r thermostatic 
control. The baths fo r 80° C. (176° F .) and 100° C. (212° 
F .) consisted of glass jackets through which benzene vapor 
and steam were passed. Both of these baths were main
tained under pressures so regulated as to give the precise 
temperatures desired.

A t least three determinations of the efflux time were made 
for each oil at each temperature, and the viscosity figures 
reported were calculated from the mean of these experi
mental values.

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

The calculated figures fo r the kinematie viscosities are 
given in Table I I I .  Table IV  shows equivalent Saybolt 
Universal figures fo r the “ vacuum ” fractions, the Pennsyl

vania residuum and the two mixtures previously referred to.
Fig. 2 shows graphically the m ajority of the data in

cluded in Table I I I ,  A  and B , and indicates the similarities 
and differences of the viscosity-temperature curves fo r frac
tions from  two extreme types of crude oil. I t  will be ob
served that the curves representing low boiling ranges ami 
low viscosities are not unlike, but that tkere are impres
sive differences in the “ higher ” fractions. The curves for 
the California oil are much steeper than those fo r Pennsyl
vania cuts and indicate a greater variation of viscosity with 
temperature. Curves for the Wyoming oil are not shown. 
They have characteristics intermediate between those of the 
Pennsylvania and California cvirves and resemble the former 
more closely than they do the latter.

W hile it is fe lt that the method of plotting the results 
adopted in Fig. 2 is the most effective way of illustrating 
the points emphasized above, another scheme of graphic 
representation has certain advantages.1 I f  the reciprocals 

of the kinematic vis- /■$
cosities as ordinates 
are plotted against the 
tem peratures as abscis- ^  
sas, the resulting lines 
are s tra igh t for the 
lighter fractions, and
only slightly curved for /./ 
the heavier fractions.
A plot so constructed ro
perm its easier interpo-
lation than the type of jo 
d iagram  shown in Fig. 8
2. F or the gasoline ^  
fractions, a stra igh t J 
line drawn through two '■£ 
experimental p o i n t s ^  
will represent satisfac- ^  ^  
torily  the viscosity tem- 
perature relationship ^  ,4- 
while for the heavier 
oils, three or more 
points obviously will be 
required to determine 2  
the curve. This subject v  
is considered from  a 
mathem atical s ta n d -  .0 
point in a la ter connec- ^  
tion.

/OO

T e m p e r a tu r e ,  °C.
F ig .  3— V is c o s ity - te m p e ra tu re  c u rv es  o f 

se v e ra l o f  th e  m o re  v iscous  p ro d u c ts  de
r iv e d  fro m  P e n n s y lv a n ia , C a l ifo rn ia  a n d  
W y o m in g  c ru d e  p e tro leu m .

Fig. 3 shows in detail a  comparison of curves characteris
tic of viscous oils derived from Pennsylvania and California 
crude petroleums. The upper curve, marked “ P -R  ” repre
sents the residuum from the combined “ air ” and “ vacuum ” 
distillations of the Pennsylvania crude. This residuum is a 
product the properties of which approach those o f so-called 
steam cylinder stock. I ts  viscosity is high throughout the en
tire range of temperature, but it belongs to the same family 
as the lowest two curves of the diagram, marked “ W-V- 
300 ” and “ P-V-300,” and representing respectively vacuum 
distillation fractions cut between limits o f 275° to 300° C. 
(527° to 572° F .)  from  the Wyoming and Pennsylvania 
crudes. The intermediate curve, marked “ C-V-300,” repre
senting the highest vacuum fraction from  the California 
crude, shows a t 100° C. (212° F .)  a viscosity slightly higher

»The a u th o rs  a re  in deb ted  to  P rofessor R o b e rt E . W ilson , o f th e  M assn" 
ch u se tts  In s ti tu te  of T echnology, fo r bring ing  to  th e ir  a t te n t io n  th e  p rnc tiea  
ad v a n tag es  of th is  m ethod.
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T a b l e  I I I — K i n e m a t i c  V i s c o s i t i e s  a t  V a r i o u s  T e m p e r a t u r e s  o f  a  S e r i e s  o f  P r o d u c t s  D e r i v e d  f r o m  C r u d e  P e t r o l e u m

D esig- D escrip tion  of P ro d u c t 
na tio n  P ressure  T em p era tu re

of under w hich L im its
P ro d u c t D istilled  of C u t

-K in e m a tic  V iscosities D ete rm ined  a t  In d ic a ted  T e m p e ra tu re s -

0 ° C .  
32° F .

P -A-125 A tm ospheric 
P-A -150 A tm ospheric  
P-A -175 A tm ospheric 
P-A-2C0 A tm ospheric 
P-A -225 A tm ospheric  
P-A -250 A tm cspheric  
P -A -275 A tm ospheric

°C . °F .
ICO-125 212-257 
125-150 257-302 
150-175 302-347 
175-200 347-392 
2C0-225 392-437 
225-250 437-482 
250-275 482-527

.C0880

.0111

.0141
0109

.0298

.0454

.0729

P -V -200  40 -  m m . vac . 175-200 347-392 0 .1296
P -V -225 40 -  m m . vac . 200-225 392-437 ............
P-V -250 40 - m m . vac . 225-250 437-482 ............
P-V -275 40 -  m m . vac . 250-275 4S2-527 ............
P-V-3C0 40 - m m . vac . 275-300 527-572 ............

10° C . 
50° F .

O.C07S0
0 .00957
0.0121
0.01C6
0 .0236
0 .0345
0 .0529

0 .0884
0 .1372

20
68°

1 C . 
F .

30 SC.
F .

40° C . 
104° F .

50 °  C. 
122° F .

00° C . 
110° F .

A — Pennsylvania Crude
0.C0703
0 .00869
0 .0106
0 .0142
0 .0196
0 .0277
0 .0407

0 .0642
0 .0962
0 .1533

0 .00643
0.007S0
0.00946
0 .0123
0 .0167
0 .0227
0 .0322

0 .0489
0 .0704
0 .1079
0 .1 7 4 6

0 .00593
0.0070S
0.00849
0 .0110
0 .0145
0.0191
0 .0265

0 .0384
0 .0544
0 .0798
0 .1225
0 .2044

0.00542
0.00649
0.00769
0.00964
0 .0127
0 .0164
0.0221

0 .0315
0 .0432
0 .0609
0.0S 99
0 .1444

0.00508
0.00603
0.00702
0.00871
0 .0112
0 .0143
0 .0188

0 .0259
0.0356
0 .0484
0 .0694
0 .1064

S0° C. 
176° F.

0 .00456
0 .00524
0 .00618
0 .00737
0 .00926
0 .0115
0 .0147

0 .0195
0 .0247
0 .0327
0 .0 4 4 8
0 .0654

100° C. 
212° F .

K in em atic  V iscosities Cal- 
—cu la ted  or In te rp o la ted  for 

In d ic a ted  T em peratu res.
54 .4° C . 98 .9°C37.8

100 ' 130° F . 2 1 0 ° I v

P -R R esiduum

P -M ix t. M ix tu re  residuum  and fraction  
P-V-225

C-A -125 A tm cspheric  1C0-125 212-257 
C-A -150 A tm ospheric  125-150 257-302 
C-A -175 A tm ospheric  150-175 302-347 
C-A-2C0 A tm ospheric  175-2CO 347-392 
C-A-225 A tm ospheric SC0-S25 392-437 
C-A -250 A tm cspheric  225-250 437-482 
C-A -275 A tm cspheric  250-275 482-527

1 .498  0 .S 064  0 .5 2 4 8  0 .2581

0 .1669  0 .120S  0 .0 9 1 8  0 .0 5 7 0  0 .0396

0.00467
0.00548
0.00642
0.00781
0.0095S
0 .0120

0 .0152
0 .01S6
0 .0238
0 .0312
0.0-141

0 .0100
0 .0574
0 .0841
0 .1314
0 .2245

0.02S9
0 .0394
0 .0546
0 .0797
0.124S

0.0153
0.0188
0.0242
0.0318
0.0450

0 .146S 1 .596 0.07SO 0.1512

0 .0396

B — California Crude

ncspt

C-V .200 40-m m . vac. 
C -V .225 40-m m . vac. 
C -V -250 40-m m . vac . 
C-V -275 40-m m . vac . 
C -V -300 40-m m . vac.

175-200 347-392 
200-225 392-437 
225-250 437-482 
250-275 4S2-527 
275-SC0 527-572

P -C -M ix t. M ix tu re  of P ennsy lvan ia  
residue an d  C-V-250

W -A -125 A tm ospheric  
W -A -150 A tm cspheric  
W -A -175 A tm ospheric  
W-A-2C0 A tm cspheric  
W -A -225 A tm cspheric  
W -A -250 A tm ospheric  

W  -A-275 A tm ospheric

1C0-125 212-257 
125-150 257-302 
150-175 302-347 
175-2CO 347-392 
2CC-225 392-437 
225-250 437-482 
250-275 482-527

W -V-2C0 40-m m . vac . 175-200 347-392 
W -V -225 40-m m . vac . 200-225 392-437 
W -V -250 40-m m . v ac . 225-250 437-482 
W -V -275 40-m m . vac . 250-275 482-527 
W-V-3C0 40-m m . vac . 275-300 527-572

0 .0103 0.CC902 O.C0807 0.00735 0.00665
0 .0124 0 .0108 0.CC957 O.C0S6O 0.00775
0 .0102 0 .0138 0 .0120 0 .0106 0.00942
0 .0223 0 .0185 0 .0158 0 .0135 0 .0119
0 .0332 0 .0263 0 .0215 0 .0180 0 .0154
0 .0523 0 .0396 0 .0312 0 .0252 0 .0210
0.C935 0 .0656 0 .0486 0 .0375 0 .0302

0 .2142 0 .1328 0 .0902 0 .0645 0 .0485
0 .2825 0 .1717 0 .1 1 3 6 0 .0803
0.S 393 o . 43eo 0 .2548 0 . 1C2S

0.C926 0.3S77
0.82S2

0 .322S

C - -W yom ing Crude
O.CC927 O.C0829 0.00741 0.00675 0 .00609
0 .01141 0 .00999 0.00890 0.C0803 0.00730
0.0151 0 .0129 0 .0113 0 .0100 0 .00895
0 .0207 0 .0173 0 .0148 0 .0128 0 .0114
0 .0299 0.0241 0.02CO 0.01C9 0 .0146
0 .0452 0 .0348 0 .0281 0 .0231 0 .0193
0.0737 0 .0542 0 .0414 0 .0327 0 .0268

0 .1432 0 .0 9 7 6 0 .0698 0 .0526 0 .0412
0 .1491 0 .1026 0 .0713 0 .0563

0 .1792 0 .1227 0 .0892
0 .2 0 7 0 0 .1418

0.2501

0 .00610
0.00711
0 .00847
0 .0105
0 .0134
0 .0179
0.0249

0 .0383
0 .0596
0.1122
0 .2372
0 .4612

0.00565
0.00661
0.00773
0.00943
0.0120
0 .0154
0 .0209

0 .0308
0 .0459
0.CS07
0 .1572
0 .2836

0.004SS 
0 .00570 
0 .00651 
0 .00781 
0 .00961 
0 .0121 
0 .0158

0 .0217
0 .0303
0 .04S 2
0 .0825
0 .1205

0.00505
0.0056S
0.00673
0 .00817
0.009S7
0 .0124

0 .0165
0 .0219
0 .0322
0 .0502
0 .0736

0 .0510
0 .0848
0 .1766
0.43S0
0 .9363

0 .0348
0 .0529
0.C902
0 .1961
0 .3686

0.00567
0.00669
0.00808
0.0101
0 .0127
0 .0165
0 .0224

0 .0330
0 .0442
0 .0672
0 .1033
0.1701

0.00533
0.00622
0.00752
0.00907
0 .0114
0 .0143
0.0191

0 .0274
0 .0356
0.052S
0 .0774
0 .1230

0.0166
0.0222
0.032S
0.0514
0.0757

0.0S11 0 .0517

Ó!ÓÓ547 0.00489
0.00628 0.005-17
0.00760 0.00646
0 .00919 0.00773
0 .0114 0.00935
0 .0146 0 .0116

0 .0199 0 .0155 0 .0433 0 .0303 0.0157
0.0251 0 .0188 0 .0 5 9 6 0 .0401 0.0101
0 .0356 0 .0257 0 .0 9 5 5 0 .0600 0.0260
0.04S 3 0 .0334 0 .1 5 4 0 .0 9 0 5 0.0340
0 .0723 0 .0470 0 .271 0 .1 1 6 0.0180

T a b l e  IV — S a y b o l t  U n i v e r s a l  V i s c o s i t i e s  a t  V a r i o u s  T e m p e r a t u r e s  o f  a  S e r i e s  o f  P r o d u c t s  f r o m  C r u d e  P e t r o l e u m

(F ractions d istilled  a t 40-m m . vacuum )
* D esignation  

o f F rac tio n
T em p era tu re  

L im its of F rac tio n 0 CC. 10°C. 2 0 CC. 30°C . 40°C .
-------S aybo lt Viscosities

50 °C\ 60 °C. S0°C. 100°C. 37.S°C. 54.4 °C . 9S.9°C.

p o 2̂ 32 °F . 50 °F . 6S °F . 8 6 °F. 104 °F . 122°F. 1 4 0 T . 176°F. 212 °F . 100 °F . 130°F. 2 10°F .

P -V -200 .............. . 175-2C0 347-392 7 0 .5 5 5 .0 4 6 .7
A

4 1 .S
— P em isyliania  Crude 

3 8 .6  3 6 .6 35 .1 3 3 .4 3 2 .3 3 9 .1 3 5 .9 32 .3
P -V -225 ................ 2CC-225 392-137 7 3 .5 .5 7 .9 4S .S 4 3 .5 4 0 .1 3 7 .8 3 4 .8 33 .1 4 4 .5 3 8 .9 33 .2
P -V -250 .............. . 225-250 437-482 7 9 .9 62 .2 5 2 .0 4 5 .6 41 .7 3 7 .0 3 4 .5 5 3 .5 4 3 .6 3 4 .6
P -V -275 .............. . 250-275 482-527 8S .6 6 7 .S 5 5 .6 4 8 .4 4 0 .5 3 6 .6 7 1 .2 5 2 .0 3 6 .7
P -V -300............... 275-3CO 527-572 101.0 7 6 .4 6 1 .6 4 7 .1 4 0 .3 109 .5 6 8 .7 4 0 .6
P - R ....................... R esiduum 682 .2 3CS.8 24 1 .6 123.9 7 7 .3 726 .8 310 .8 79.1
P -M ix t ................ M ix tu re  P -R  

an d  P-V-225 8 5 .5 6 7 .1 5 6 .2 4 4 .3 3 9 .0

C-V-2C0............ . 175-2 CO 347-1:92 1C5.1 7 1 .8 5 5 .7 4 6 .8
B — California Crude 

4 1 .7  3 8 .6 36 .4 33 .9 3 2 .6 4 2 .5 3 7 .6 3 2 .6
C -V -225............ . iCC-225 £92-437 134 .5 8 7 .4 C4 .3 5 2 .2 4 5 .2 4 0 .9 3 6 .3 3 4 .0 5 3 .S 43 .1 34.1
C -V -250............ . 225-250 437-482 283 .5 202 .2 122 .5 8 3 .S 0 3 .8 5 2 .3 4 1 .6 3 6 . S 8 9 .4 5 7 .9 3 7 .0
C -V -275 ............ . 250-275 4S2-527 317 .5 1*0 .7 114 .9 8 1 .5 5 3 .0 4 2 .2 203 .1 9 7 .5 4 2 .6
C-V-3C0............ . 275-SC0 527-572 378 .7 2 1 3 .5 135.0 7 0 .S 4 9 .9 ' 42 7 .5 172.3 5 0 .6
P -C -M ix t M ix tu re  P - R  

an d  C -V -2 5 0 152.1 103 .7 77 *ł 5 2 .5 4 2 .S

W -V -2C 0 . 175-200 347-392 7 5 .9 5 8 .4 4 8 .6 4 3 .0
C— W yom ing Crude 
3 9 .5  3 7 .1 3 5 .5 3 3 .5 3 2 .3 4 0 .1 3 6 .3 3 2 .4

W -V -2 2 5 . 2C0-225 392-437 7 8 .3 6 0 .2 50 .1 4 4 .2 4 0 .3 3 7 .S 3 4 .8 3 3 .3 4 5 .2 3 9 .1 3 3 .3
W -V -2 5 0 . 225-250 437-482 9 0 .5 6 7 .8 5 5 .3 4 7 .6 4 3 .0 37 .S 3 5 .0 5 7 .6 4 5 .3 35.1
W -V -275 . 250-275 482-527 102.1 7 5 .3 6 0 .5 5 1 .2 4 1 .6 3 7 .2 8 0 .2 5 5 .S 37 .4
W -V -3 0 0 .......... . 275-3C0 527-572 120 .5 8 6 .7 6 8 .0 4 9 .4 4 1 .2 1 30 .S 7 7 .0 4 1 .5

than those of the corresponding Pennsylvania and Wyom
ing products, whereas at the lower temperatures it ap 
proaches more closely the viscosity' of the Pennsylvania 
residuum.

Fig. 4 shows viscosity-temperature curves fo r typical 
kerosene fractions (“ P-A-225,” “ C-A-225,” and “ W-A- 
225 ” ) from the Pennsylvania, California, and Wyoming 
crudes. Viscosity differences are of the same type as those 
shown fo r higher boiling, more viscous fractions, but are 
o f a lesser order of magnitude.

Fig. 5 gives interesting indications regarding the viscosity- 
tem perature curves of mixtures. I t  has ju st been pointed 
out (refer to Fig. 3) tha t the viscosity-temperature curve 
of the Pennsylvania residuum resembles the curves for the 
distillates from the same crude. In  F ig  5 the curve marked 
“ P-mixt ” represents a  blend of Pennsylvania residuum 
and the Pennsylvania vacuum fraction “ P-V-225.” I t  will 
be noted that this curve is entirely sim ilar to those o b t a i n e d  

from the fractions “ P-V-300 ” and “ P-V-275,” between 
which it lies. The curve marked “ P-C-mixt ” represents



Sept., 1921 THE JO U R NA L  OF I N D U S T R I A L  A N D  ENGINEERING C H E M IS T R Y

turn tractions or the Oauiorm a crude, i t  will 
it its slope is not as steep as that of the adjacent 
r-275," representing a “ straight ” California dis-

F ig . 1— V is c o s ity - te m p e ra tu re  cu rv es  o f ty p ic a l k e ro sen e  f r a c 
tions  d e r iv e d  f ro m  P e n n s y lv a n ia , C a lifo rn ia  a n d  W y o m in g  c ru d e  
p e tro leu m

a mixture of the Pennsylvania residuum and one of the 
lighter vacuum fractions of the California crude. I t  will 
be noted that 
curve “ C-V-: 
tillate.

The indications furnished by these comparisons point to 
the fact that the viscosity-temperature curves of the im
portant group of commercial lubricating oils made by blend
ing “ paraffin base ” distillates and “ paraffin b ase r 
rcsiduums show the same characteristics as the correspond
ing curves fo r “ straight ” distillates. When blends are 
composed of oils derived from  different types of crude 
petroleum the characteristics of the curves are intermediate 
between those of the constituents.

G e n e r a l  C h a r a c t e r i s t i c s  o f  ViS'cosiir- 
T e m p e r a t u r e  C u r v e s  

From the data presented in Tables ITT and IV , and in 
Figs. 2 to 5, inclusive, two conclusions may be drawn. In

F ig . 5— S h o w in g  th a t  th e  v is c o s ity - te m p e ra tu re  c u rv e  o f  a  m ix 
tu r e  o f  P e n n s y lv a n ia  d is ti l la te  a n d  P e n n s y lv a n ia  re s id u u m  h a s  th e  
s a m e  fo rm  a s  cu rv es  f o r  u n b le n d ed  P e n n s y lv a n ia  d is ti l la te s , w h e re 
a s  th e  cu rv e , fo r  a  m ix tu re  o f  C a lifo rn ia  d is t i l la te  a n d  P e n n s y l
v a n ia  re s id u u m  v a rie s  a p p re c ia b ly  f ro m  th e  fo rm  o f  a  c u rv e  fo r  
u n b le n d e d  C a lifo rn ia  d is ti l la te .

1 C o m p a re  B a s le r  ch em isch e  F a b r ik , D . R . P .  205,377, a n d  211,696.

the first place, the work done apparently  indicates the non
existence of any simple rule by means of which the varia
tion of viscosity with tem perature can be predicted. The 
ratio between viscosities at different tem peratures varies 
with the type of crude petroleum from which the oil is 
derived and also with the physical and chemical properties 
of fractions from  a given crude. F or example the kinematic 
viscosity at 100° C. (212° F .) of the California fraction 
“ C-V-300 ” is 8.9 per cent of the figure determined for 
40° C. (104° F .) .  A corresponding ratio fo r the Pennsyl
vania fraction “ P-V-300 ” is 21.6 per cent. I t  may be 
noted further that for the Pennsylvania fraction “ P-V-250 ” 
the ratio between kinematic viscosities a t the same two 
tem perature points is 29.8 per cent. Similar variations 
may be discovered when comparisons are made of products 
derived from different crudes and having equal viscosities 
at any given temperature. This m atter is discussed in more 
detail in a later connection.

T a b l e  Y— V a l u e s  o p  t h e  C a i .c u i . a t e d  C o n s t a n t s  K ,1 A a n d  B  R e p r e s e n t i n g  t h e  V i s c o s it y  T e m p e r a t u r e  C u r v e s  o f  t h e  D i s t i i l a t i o n  F r a c t i o n s  D v -  
R 'V e d f r o s i  P E N N S Y L V A N IA  a n d  C A L IF O R N IA  C R U D E  P E T R O L E U M
T em pératu re  L im its  

of F rac tio n
°C. 

100-125 
125-150 
150-175 
175-200 
200-225 
225-250 
250-275

175-200
200-225
225-250
250-275
275-300

F ’ . 
212-257 
257-302 
302-347 
347-392 
392-437 
437-482 
482-527

347-392
392-437
4 37-482
4S2-527
527-572

P ressure  u n d e r 
w hich 

D istilled  
A tm ospheric  
A tm ospheric  
A tm ospheric  
A tm ospheric  
A tm ospheric  
A tm ospheric  
A tm ospheric

40-m m . vacuum  
40-m m . v acuum  
40-m m . v acuum  
40-m m . vacuum  
40-m m . vacuum

Iv A B Iv
113 .2 1 .498 — 0.00200 97 .6 0
9 0 .1 9 1 .300 — 0.000591 80 .74
7 0 .3 0 1 .250 —0.00126 61 .3 2
49 .6 0 1 .072 —0.0000380 44 .14
33 .50 0 .8 6 5 + 0 .0 0 0 7 9 4 29 .5 7
21 .37 0 .7 5 1 + 0 .0 0 0 8 4 0 I S .61
12.97 0 .5 8 3 0 .00130 10.29

7 .21 0 .4 0 0 0 .00189 4 .2 4 2
4 .4 5 0 .2 5 2 0.00243 1.254
1 .88 0 .1 8 2 0 .00219 0 .5 5 0

+ 0 .8 1 0 0 .0994 0 .00213 1 .070
—O.O’O 0 .0522 0 .00175 1.967

+ 0 .S 8 1 — 0.0468 + 0 .0 0 1 0 6

-C a lifo rn ia  F rac tio n s -  
A

1 .287
1.204
1.108
0 .9 8 9
0 .8 5 3
0.661
0 .4 8 8

0 .3 0 9  
4 -0 .178  
+ 0 .0 3 1 9  
—0 .0 6 2 9  
— 0.1 0 9

B
+ 0 . 0006S8 
— 0.000298 
+ 0 .0 0 0 1 5 0  
+ 0 .0 0 0 6 2 3  

0 .000813  
0 .00169  
0 .00217

0 .00259
0 .00269
0.00274
0 .00252
0 .00225

Residuum
*The v iscosity  te m p era tu re  cu rves can  be rep re sen ted  in  te rm s  of an  eq u a tio n  of th e  genera l form

V  1
. . . .  * K + A I  +  B i'

a  which \  * is  k in em atic  v iscosity , t th e  cen tig rade  te m p era tu re  an d  Iv, A, an d  B co nstan ts  ch a racte ris tic  of each ind iv idual frac tion  from  each oil.
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Secondly, an outstanding sim ilarity is found in the gen
eral form  of the various viscosity-temperature curves. 
These can be represented by equations of the fo rm :

V * =  K + A i + B i *  ( 4 )

in which V* is kinematic viscosity, i the centigrade tem pera
ture and K , A and B, constants characteristic of each indi
vidual fraction from  each crude.' The values of the con
stants for the products derived from the Pennsylvania and 
California crudes have been calculated by the method of 
least squares and are shown in Table V. The excellent 
agreement between experimental and calculated values is 
illustrated by Table V I, which includes figures fo r several 
typical fractions.
T a b l e  V I — A g r e e m e n t  B e t w e e n  E x p e r i m e n t a l  a n d  C a l c u l a t e d  V a l u e s  

o p  K i n e m a t i c  V i s c o s it y  o p  S e l e c t e d  F r a c t i o n s  f r o m  P e n n s y l v a n i a  
a n d  C a l i f o r n i a  C r u d e  P e t r o l e u m

-  Pennsylvania  Ca//fornia

T em  F ra c tio n  A-150 F ra c tio n  A -2 /5 F rac tio n  V -225 F rac tio n  V-300
p e ra  K inem atic K inem atic K inem atic K inem atic
tu re V iscosity V iscosity V iscosity V iscosity

°C. E xp , C alc. E x p . C alc. E x p . U alc. E xp . Calc.

Pennsylvania  Fractions
0 0.0111 0.0111 0 .0 /29 0 .0 /71

10 0.0095? 0.00970 0.0529 0.0528 0.1327 0.Í3S6
20 0.00869 0.00862 0.0407 0.0398 0.0962 0.0956
30 0.00780 0.007/7 0.0322 0.0316 0.0701 0.07 OS ,
40 0.00708 0.00708 0.0265 0.0261 0.0544 0.0543 0.2044 0.2048
50 0.00649 0.00651 0.0221 0.0220 0.0432 0.0433 0.14-14 0.1133
CO 0.00603 0.00602 0.0188 0.0190 0.0356 0.0353 0.1064 0.1061
80 0.00524 0.00525 0.0147 0.0147 0.0247 0.0249 0.0654 0.0651

300 0.00467 0.00467 0.0120 0.0119 0.0186 0.0186 0.0-141 0.0441
C alifornia Fractions

0 0.01235 0.01239 0.0935 0.0972
10 0.01080 0.01076 0.0656 0.0650 0.2825 0.3030
20 0.00957 0.00955 0.0486 0.0478 0.1717 0.1700
30 0.00860 0.00858 0.0375 0.0372 0.1130 0.1111
40 0.C0775 0.00779 0.0302 0.0300 0.0803 0.0701 0.8282 0.8230
50 0.00711 0.00713 0.0249 0.0249 0.0596 0.0593 0.4612 0.4651
CO 0.00661 0.00658 0.0209 0.0211 0.0159 0.0163 0.2836 0.2826
80 0.00570 0.00571 0.0158 0.0158 0.0303 0.0306 0.1305 0.1306

100 0.00505 0.00505 0.0124 0.0124 0.0219 0.02 IS 0.0736 0.0735

k
\

I t  will be understood that the constants fo r the viscosity- 
tem perature equation of any oil can be calculated from  the 
experimentally determined viscosities at three suitable 
temperatures. The method of calculation involves the solu
tion of three simultaneous equations, and does not require 
the use of the more accurate but decidedly tedious method 
of least squares.

Obviously, the values fo r the constants are useful in cal
culating viscosities a t temperatures, within the experimental 
range, fo r which actual determinations are lacking. The 
reliability of such calculated viscosities can be accepted 
without question; but the use of the constants a t tempera
tures considerably below or above the extremes represented 
by the experimental data is not to be recommended on ac
count of a possible change in state of the oil, or a change in 
the viscosity-temperature relationship. W hile the equations 
would seem to offer an effective method fo r estimating 
solidification tem peratures (at which the kinematic viscosity 
becomes infinite), it is felt that the significance of such cal
culations is open to question because of the fact that partial 
solidification so often takes place. In  the authors’ opinion, 
it is equally unjustifiable to attem pt the calculation of 
viscosities fo r tem peratures at which the oils have appreci
able vapor pressures, and hence are changed in properties 
through partial distillation.

As an indication of the validity of the equations at tem
peratures considerably above those covered by the foregoing 
experimental data, two viscosity determinations were made

»This is  in effec t th e  S lo tte  e q u a tio n  (See A. E . D u n s ta n  an d  F . B . T h o le  
“ T h e  V iscosity  of L iq u id s ,"  L ondon , 1914, 4 ; S ch lo tte , IVtfii. .In n .,  14 (1SS1), 
13, Beibl. 16 (1892), 182; T ho rpe  a n d  R odger, P h il. T rans. A .,  185 (1894), 397, 
w hich is  u su a lly  em ployed to  in d ica te  th e  re la tio n  betw een  abso lu te  v iscosity  
an d  te m p era tu re  b u t  w hich th e  a u th o rs  h ave  found  eq u a lly  usefu l as  app lied  

to  k in em atic  v iscosity .
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U p p er c e n tig r a d e  c /is /it/a fo n  U p p e r c e n f/q r a d e  

iim its  o f a ir  fr a c tio n s  d is ti/ia tio n  lim its
o f  I f a c u u m  f r a c t i o n s  

F ig . 6— S h o w in g  s im i la r i t ie s  in  c u rv es  o b ta in e d  by  p lo t tin g  
a g a in s t  u p p e r  d is ti l la tio n  lim its  th e  v a lu es  o f  th e  c o n s ta n ts  K,
A a n il B f ro m  th e  e q u a tio n s  re p re s e n t in g  v is c o s ity - te m p e ra tu re  
c u rv es  o f  th e  se rie s  o f  f r a c t io n s  f ro m  P e n n s y lv a n ia  a n d  Cali 
f o r n ia  c ru d e  p e tro le u m

a t approxim ately 180° C. (35G° F .) and compared with tin’ 
calculated figures based on the experimental range 40° io 
100° C. (140° to 212° F .) . Table V II  (p art A )  shows the 
agreement to be satisfactory in both cases.
T a i i i e  V II— C a l c u l a t e d  a n d  E x p e r i m e n t a l  V i s c o s it y  F i g u r e s  f o r  U ef.a- 

t i v e l y  H i g h  T e m p e r a t u r e s
Part A

T e m p era tu re  K inem atic  V iscosity
°C . E x n e rim en ta l C alcu la ted

181.7 0.0363 0.036(5
182.5 0.0171 0.0175

Part B
/—K in em atic  V iscosity  a t  T e m p era tu re  Ind ica ti-d— 
E x p e rim en ta l C alcu la ted

100*0. (212°F.) 2 00°C. (392°F.) 300°C. (5726F.)
P - R  0.146S 0.0205 0.0122
P -V -3 0 0  0.0441 0.0124 0.00578
C -V -3 0 0  0 .0 /3 6  0 .0 H 2  0.00582

Assuming the validity of the equations fo r  temperature'- 
considerably above those of the experimental range, it i- 
interesting to consider the values so calculated as indicating 
whether viscosity actually becomes constant a t higher tem- 
peratures. Table V II  (p art B )  shows the calculated values 
at 200° C. (392°F.) and 300° C. (572° F .) as compared with 
the experimental figures a t 100° C. (212° F .) . These figures 
seem to indicate tha t viscosity continues to decrease even at 
temperatures as high as 300° C. (572° F .) .

The constants fo r the equations may also possess addi-

P r o d u c t

P - R
C -V -3 0 0

P r o d u c t
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S a y b o /f-  W sco s/fya t /oo°F~
F ig . 7— S h o w in g  c u rv e s  o b ta in e d  by  p lo t t in g  S a y b o lt v isco s itie s  a t  

210OF. a g a in s t  a S y b o lt  v isco s itie s  a t  100O F. f o r  th e  se r ie s  o f  p ro d u c ts  
obta ined  f ro m  P e n n s y lv a n ia  a n d  C a l ifo rn ia  c ru d e  p e tro le u m s.

tional theoretical o r practical significance, and the authors 
have under consideration several possibilities tha t will be 
investigated as soon as fu rthe r experimental data are avail
able. F o r the present, attention is called only to an in
teresting relationship indicated by the curves in  F ig. 0, 
which were obtained by plotting values o f the constants fo r 
the series o f fractions from  Pennsylvania and California 
crudes against the upper (centigrade) distillation limit for 
each cut. An interesting sim ilarity will bo noted in  thv 
form of the curves representing values of the constants K 
and A for equivalent fractions from  each of the two types 
of crude petroleum. The sim ilarity becomes equally strik
ing in the curves for the constant B if, instead of adhering 
so closely to the plotted points as has been done in F ig. 6, 
more general curves are drawn.

R e l a t i o n  B e t w e e n  S a y b o l t  V i s c o s i t i e s  a t  

D i f f e r e n t  T e m p e r a t u r e s

I t  has already been stated that no simple general rule 
has been discovered which may be applied to estimate vis
cosity at one tem perature from  determinations made at some 
other temperature.1 The nearest approach, o f practical 
value, to a relationship of this order is indicated by the 
fact that a smooth curve may be constructed to represent 
the viscosities at any two selected tem peratures fo r the series 
of fractions derived from  any given crude. Fig. 7 illus
trates this possibility and shows curves obtained by plotting 
Saybolt Universal viscosities a t 210° F . against Saybolt 
Universal viscosities a t 100° F . fo r the series o f products 
obtained from  the Pennsylvania and California crudes. 
Table V II I  includes a series of Saybolt viscosity equivalents 
for the commonly used tem perature points, 100° F ., 130° 
P., and 210° F . This table may prove of practical use in

'T h e  conclusions o f O elschlager (“ T h e  V iscosity  of L iq u id s ,”  Z . Verein. 
foul. In g ., 62 (1918), 422, Science Abstracts, 21 ~B (1918), 320) a re  obv iously  
untenable, a t  le a s t in  p a r t ,  in  v iew  o f th e  ex perim en ta l ev idence in c luded  in  
the p resen t p ap e r. T h e  loga rith m ic  re la tio n sh ip  developed  b y  th is  in v e sti
gator (p. 424) is  u n d o u b te d ly  o f  considerab le  v a lu e , b u t  h is  co n s ta n ts  a re  n o t 
^ p l ic a b le jto  lu b rica tin g  o ils from  all ty p e s  of crude  p etro leum .

T a b l e  V I I I — C o m p a r a t i v e  S a y b o l t  U n i v e r s a l  V i s c o s i t i e s  a t  210°F ., 
130°F„ a n d  100#F . f o r  O i l s  D e r i v e d  f r o m  P e n n s y l v a n i a  a n d  C a i i f o r n i a  
C r u d e  P e t r o l e u m

A — Figures fo r  P ennsylvania  and B — Figures for P ennsy lvan ia  Oils
C alifornia Oils O nly

S ay b o ltS ay b o lt S ay b o lt S aybo lt S ay b o lt Saylx>lt
V iscosity V iscosity V iscosity V iscosity V isccsity V iscosity
a t  210°F . a t  130°F. a t  100°F. a t  210°F. u t 130°F. a t  100° F .

P a . C al. P a . C al.
33 37 38 41 42 50 '4 5 291
31 40 41 47 49 57 151 306
35 44 45 53 58 58 1 5 / 321
36 48 50 61 69 59 163 337
37 52 56 iO 82 60 170 353
38 56 61 79 99 61 176 369
39 CO 68 89 119 62 183 385
'10 64 74 99 139 63 189 401
41 68 81 109 160 6*1 195 419
42 73 89 119 181 65 202 437
43 78 97 129 202 66 209 455
44 82 106 139 224 67 216 473
45 ‘87 116 150 249 68 223 491
4(5 92 125 161 277 69 230 510
47 97 135 172 307 70 237 529
48 102 145 184 337 71 244 548
49 107 154 196 367 72 252 567
50 112 163 209 396 73 259 587
51 117 222 422 74 267
52 123 235 459 75 274
53 128 *249 498 76 282
54 134 263 537 '77 290
55 139 277 574 78

79
80

299
307
316

case any oil under consideration is known to be of the same 
type as either of the two crudes studied by the authors. 
Such a happy coincidence is, unfortunately, not likely to be 
a  frequent occurrence, and the table is of greatest sig
nificance as indicating possibilities of variation when it is 
attem pted to estimate viscosity a t one tem perature from 
figures determined at some other tem perature. I t  appears, 
fo r example, that Pennsylvania and California products, 
having at 210° F. a viscosity of 50 sec. Saybolt Universal, 
have at 100° F. respective viscosities of 209 and 396 sec.

I t  is possible that a proper use of figures fo r other physi
cal properties of oils might perm it reasonably accurate 
interpolation between limits such as have ju st been indi
cated. The data a t present available have not, however, 
seemed adequate to perm it form ulating any rule for inter
polation that would be satisfactorily reliable.

S u m m a r y

1—Viscosity-temperature curves have been determined 
fo r series of products derived from  samples of Pennsyl
vania, California, and Wyoming crude petroleum.

2— The California fractions show a greater change in 
viscosity with tem perature (the curves are steeper) than 
the corresponding Pennsylvania products. Differences are 
most impressive for fractions of high viscosity. Viscosity- 
tem perature curves fo r the Wyoming fractions show char
acteristics which are intermediate between those of the Cali
fornia and Pennsylvania curves; but they resemble the la t
te r  more closely than they do the former.

3—The viscosity-temperature curve of the undistilled 
residuum from the Pennsylvania crude is of the same type 
as the curves fo r the distillation fractions.

4—The viscosity-temperature curve fo r a mixture of 
Pennsylvania residuum and Pennsylvania distillate shows 
the same characteristics as the curves fo r unblended dis
tillates. Furtherm ore, the curve fo r a mixture of Pennsyl
vania residuum and California distillate apparently  averages 
the characteristics of the curves of the two constituents.

5— The viscosity-temperature curves fo r the Pennsyl
vania, Wyoming, and California kerosene fractions show 
the same qualitative relationships as those fo r  the lubricat
ing fractions.

6—Viscosity-temperature curves can be represented by an 
equation of the general fo rm :

V k =  —--------
K + A l + T S i 2
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Values of the three constants, K , A. and B, have been de
termined fo r the products from the Pennsylvania and Cali
fornia crudes. An interesting sim ilarity in form may be 
noted in the curves obtained by plotting values of these 
constants against the upper distillation limits of the respec
tive cuts from the two types of crude.

7—Present results have failed to indicate any reliable 
general method of calculating viscositv-temper&hire curves 
of oils fo r which less than three experimentally determined 
points are available.
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The Effect of Chemical Reagents on the Microstructure of W ood1,2
By Allen Abrams

N k s e a i ic u  L a b o r a t o r y  o f  A p i *l i b i > C h e m i s t r y , M a s s a c h u s e t t s  I n s t  t u t e  o f  T e c h n o l o g y , C a m b r  d o e , M a s s a c h u s e t t s

In  connection with research work on paper being carried 
by this laboratory for the Mead Research Company of 
Dayton, Ohio, it became desirable to secure an insight 
into the changes occurring in the structure of wood during 
various chemical treatments. Consequently, an investiga
tion was undertaken, as a result of which a method was 
developed and made use of in carrying out such treatments. 
A number of reagents have been studied, and while the 
results here presented must be regarded as preliminary and 
incomplete, it is hoped that they may stimulate further work 
along sim ilar lines by other investigators.

Tho most obvious method fo r studying the effects of 
reagents on the microstructure of wood would be to treat 
blocks of the wood with these reagents at the desired tem
peratures and pressures fo r specified lengths of time. The 
wood might then be sectioned and studied either under the 
microscope or by means of photomicrographs. Un
fortunately, however, the mechanical difficulties of section
ing such wood are so great that, even with the most skilful 
technique, it is apparently impossible to make sections 
without altering the anatomical structure. F o r this reason 
it has been necessary to develop a new procedure, which 
consists essentially in first making thin sections of wood and 
treating these with reagents under the proper conditions.

In  order tha t the changes produced by these chemical 
treatments may be comprehended, it is first desirable to 
note the three planes in which wood may be sectioned—a 
cross o r transverse section is one cut perpendicular to the 
axis of the trunk ; a radial section is one cut longitudinally 
along the radius of the tru n k ; a  tangential section is one cut 
longitudinally, tangent to the rings of growth and there-

* P resen ted  before th e  Section  of Cellulose C hem istry  a t  th e  61st M eeting  
of th e  A m erican C hem ical Socie ty , R ochester, N . Y ., A pril 26 to  29, 1921.

•P u b lish ed  as C o n trib u tio n  N o. 34 from  th e  R esearch  L a b o ra to ry  of 
Applied C hem istry , M assach u se tts  In s ti tu te  of Technology.

fore, perpendicular to the radius of the trunk. Figs. 1, 2, 
3 are, respectively, cross, tangential, and radial sections ot 
pine.

C e l l  S t r u c t u r e  

The process of p lant growth is essentially that of cell 
division whereby each cell in the growing region (the 
“ cambium ”) is split into two daughter cells. The partition 
separating these cells is known as the “ middle lamella ” 
(Fig. 4). As growth continues, other walls are laid down 
adjacent to the middle lamella and nearer the hollow’ interior 
(“ lumen ” ) of the cell.

The complete facts connected with cell growth are ex
tremely complicated. To the paper-maker, however, the 
im portant fact is that any chemical process for making 
paper should have for its-prim ary object the separation of 
individual cells by dissolving out the middle lamella with as 
little effect as passible on the remainder of the cell wall. 
To be sure, another very im portant action is that of de
composing compound celluloses, such as lignocellnlose, and 
thus producing a pure cellulose.

The history of the cell walls and the study of their 
chemical structure have been the subjects o f extensive re
search, conducted usually, however, by men with botanical 
rather than chemical training. The results of these in
vestigations3 show that the middle lamella should be re
garded as the prim ary partition  wall, serving to bind the 
traeheids together : but a t the same time, it must be under
stood that this layer has a complicated history in which it 
undergoes changes in form, mass and chemical composition.

Allen1 is certain th a t the middle lamella differs chemical
ly from  the la te r walls. He believes th a t the first formed 
cellular wall consists essentially o f pectin-like substances

1 C . E . A llen, Bot. Ga .. 32 (1901), 1.
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which arc plastic, and therefore undergo such changes in 
form as are necessary to adapt the layer readily to altera
tions occurring in the cells during growth. As the cells 
grow older, the middle lamella becomes more rigid and in- 
ilexible, until finally it assumes a hard, insoluble form. 
This process is believed to consist in a transform ation of 
the pectie acid originally present into an insoluble material, 
probably calcium pectate.

Aside from  the mineral constituents o f the cell wall, the 
most im portant substances are compounds (probably of an 
adsorption type) of cellulose, such as lignocelluloses and 
pectocelluloses. Cross and Bevan1 compare the lignocel- 
lulose structure to an alloy of a base and a noble metal, in 
which the more reactive base metal may be dissolved out by 
suitable methods, leaving the comparatively inert noble 
metal. In  a similar way, cellulose is comparatively resistant 
to the action of reagents such as chlorine, alkalies, or bisul- 
fites, all of -which tend to remove the lignin groups. Konig 
and Rump,2 a fte r  an extensive chemical and microscopic 
study, conclude that there are no true compounds of cellu
lose and other substances in the cell, but that these materials 
exist here intimately mixed.

Spaulding3 has made an extensive study of cellulose and 
lignin in  various woods. From  this he concludes that, 
whereas cellulose and lignin are generally intimately mixed 
in the cell wall, yet in some woods a ring of pure cellulose 
lines the cell lumen. Moreover, this cellulose is found espe
cially in  those cells which do not contain starch, and Spauld
ing concus w ith Sablon’s'1 previous work on willow, in 
which Sablon hfed been led to believe that starch was con
verted into cellulose.'

While there is considerable controversy over the subject, 
it seems probable that the formation of lignocellulose is a 
process of thickening by incrustation: colloidal, hydrated 
celluloses are first formed, and they then take up lignin 
held in colloidal solution in the sap.5 These changes follow 
quite closely upon one another, since heart wood and sap 
wood give about the same yields of cellulose and lignocellu
lose.0

For the purpose of these considerations, it may then be 
assumed that the cellular structure is composed largely of 
intimate mixtures of loose or adsorption compounds of 
cellulose with lignin and pectin, and the hemicelluloses. The 
cell walls are largely made up of compounds of lignin and 
cellulose, while the middle lamella is probably composed 
largely of pectocelluloses and hemicelluloses.

On account of the fact that these substances are present 
in a colloidal condition, changes in the individual units can
not be followed by the ordinary microscopic methods. I t  
is only where such changes are expressed in the more ex
tensive structural alterations that the microscope is of 
value.

Staining with dyes which affect only certain portions of 
the wToody structure has long been the subject of con
troversy, since some observers advance evidence to show 
that staining distinguishes mere physical changes in the de
gree of colloidal dispersion ra ther than chemical differences 
in the structure, while other observers take the opposite 
view. As a m atter of fact, it is comparatively unim portant 
which view we adopt when staining is used in following the

1 “ W ood P u lp  a n d  I ts  U ses,”  1911, 30.
2 K ahr. G enussm .% 28 (1914), 4.
3 M issouri B o tan ica l G ard en , Report 1906, 41.
4 R et. Gen . Bot., 16 (1904), 362.
"> W ialicenus, Wochbl. P pierfab , 41 (1910), 803-
0 S ta tem e n t, F o re s t P ro d u c ts  L a b o ra to ry . '

changes produced by reagents on a given structure. I t  is 
not unreasonable to believe that such chemical and physical 
changes go hand in hand and that they aVe both distin
guished by staining.

From  all the available inform ation it would appear that 
in cooking wood with various chemicals in aqueous solution, 
one or more of the following changes is likely to take place:

1—Hydration of the constituents, naturally accompanied by 
swelling.

2—Depolymerization, or an increase in the degree of colloidal 
dispersion, of the various woody substances.

Both of .these effects are slow and progressive and both are 
accelerated toward complete peptization or colloidal solution of 
the constituents as the time, temperature or concentration of 
the solution is increased.

3—Actual hydrolysis of the constituents, accompanied gen
erally by true solution.

4—Oilier fairly definite chemical reactions, such as chlorina
tion, oxidation orsulfonation of constituents, followed by colloidal 
or true solution.

The reagents used in analytical or practical work on cellu
lose and lignin are naturally chosen because of a more or 
less selective action on one of these substances. In  such 
cases a knowledge of the changes in microstructure which 
accompany these reactions should throw some light on what 
is taking ¡dace.

M e t h o d  o r  M a k i n g  W ood  S e c t io n s

Starting with the tree itself, small blocks of wood 
(1 in. X  0.5 in . XO-5 in.) are cut from  the portions of the 
trunk  to be studied. These blocks arc boiled vigorously in 
w ater for about an hour, or until they sink. The air is thus 
driven out of the tracheids and is replaced by water.

W ith the Thomson microtome these blocks may be cut at 
once; but with other microtomes it is generally necessary 
to soften the blocks several days in cold 50 per cent hydro
fluoric acid to dissolve out mineral constituents such as 
silica. According to Jeffrey,1 hydrofluoric acid does and 
attack the middle lamella. On the other hand, its use should 
be dispensed with wherever possible, as it undoubtedly 
hydrolyzes some constituents of the wood. (All wood sec
tions used in these experiments were made after acid trea t
ment.)

Following the acid treatment, the block is washed thor
oughly in water and is transferred to a m ixture of equal 
parts  of ethyl alcohol and glycerol. Sections of from  20 
to 40 microns in thickness are made from  these blocks. 
Thinner sections are difficult to handle during la te r tre a t
ments, while thicker sections are unsatisfactory for visual 
purposes. These sections are transferred  to 50 per cent 
ethyl alcohol until ready for use.

Many staining reactions for cellulose and lignocellulose 
are described in the literature, but the combination which 
has proved most satisfactory fo r this work is Ilaidenliain’s 
hematoxylin and safranin. Hematoxylin is commonly sup
posed to stain cellulose deep purple, and similarly, safranin 
to stain lignocellulose red. Safranin withstands acid and 
alkaline treatments satisfactorily, but hematoxylin is acted 
upon by both; consequently sections may be stained with 
saf~anin before such treatments, but not with hematoxylin.

A fter staining with this combination, the following struc
tures are purplish: the resin ducts, cells o f the medullary 
rays, tori of the bordered pits, and in some instances a thin 
layer of the cell wall next the lumen. The middle lamella 
is deep red, while the remainder of the cell wall is of a 
lighter red color. There is also a marked difference in the 
refractive indices of these structures.

1 "A n a to m y  of W oody P la n ts ,’* 1917, 447.
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F ig . 1— C ross sec tio n  o f  p in e , 76, show 
in g  tra c h e id s  (cells  o r  “ fib e rs” ) o f  s p r in g  
a n d  su m m e r g ro w th , r e s in  d u c t, a n d  m edu l
la r  ly  r a y s  (h eav y  b la ck  lin es)

F ig . 2— T a n g e n tia l  s ec tio n  o f p in e , 76, 
sh o w in g  tra c h e id s  ( “ fib e rs” ) a n d  m e d u lla ry  
ra y s  ( th e  l a t t e r  in  cro ss  sec tio n )

F ig . 3— R a d ia l s ec tio n  o f  p in e , 76, show 
ing  m e d u lla ry  ra y s  a n d  tra c h e id s  ( “ fibe rs” ) 
d o tte d  w ith  c i r c u la r  “ b o rd e red  p i t s ”

F ig . 5— C ross sec tio n  o f  p in e , 156, F ig . 6— T a n g e n tia l  s ec tio n  o f  p in e , 156,
tr e a te d  w ith  12N h y d ro c h lo r ic  a c id  fo r  28 th re a te d  w ith  12N  h y d ro ch lo r ic  ac id  fo r  28
h rs . a t  2 6 0  C . h r s .  a t  2 5 0  C.

F ig . 4— C r o s s  B e c t io n  o f  p i n e ,  435, 
s h o w i n g  t r a c h e i d s  ( “ f i b e r s ” )  o f  s p r i n g  w o o d ;
(1) “ lu m e n ”  o r  hollow  in te r io r  o f  ce ll, (2)
“ m idd le  la m e lla ”  o r  p r im a r y  ce ll w a ll , (3) 
l a te r  g ro w th  o f ce ll w a ll

C h e m i c a l  T r e a t m e n t  o p  S e c t i o n s

The sections were placcd in the depressions of a micro
scope cell slide. The cells o f the slide were filled with the 
reagent to be studied, and a plain microscope slide was laid 
over the cell slide, but separated from it about 0.1 mm. by 
pieces of thin cover glass. The two slides were wired to
gether and were placed in an autoclave containing a con
siderable quantity of the reagent. In  those cases, where 
the reagent attacks iron considerably (e. g., sodium bisulfite 
solution), the slides were sealed into glass tubes with the 
reagent. The tube containing the slide was then placed in 
the autoclave and was surrounded with water as the heating 
liquor.

This method allowed access o f the reagent to the section 
and yet prevented destructive mechanical action. In  order 
to follow the course of the treatment, several slides were 
introduced into the autoclave simultaneously. The auto
clave was bolted shut and heated over a gas flame for 
various lengths of time a t predetermined temperatures and 
pressures, measured respectively by a thermometer in a w d l 
and by a steam gage.

A t stated intervals the autoclave was removed from the 
flame, cooled quickly and opened, and a slide was removed. 
The autoclave was again closed and heated for another 
interval of time.

The treated sections were washed carefully to remove 
adhering liquor and dirt. They were thcu stained and

mounted in balsam for microscopic examination and meas
urement. Photomicrographs of these sections were made 
with a metallurgical microscope and camera arranged for 
use with transm itted light.

In  some cases sections took the stains so poorly after 
treatm ent, or were so badly decomposed, that satisfactory 
photographs could not be obtained, although visual observa
tions were reasonably satisfactory. Misleading optical 
effects due to unsatisfactory lighting sometimes occur, and 
must always be guarded against. In  this investigation 
observations and measurements were made directly on the 
sections rather than on photomicrographs.

Measurements have been made on the cell wall, the mid
dle lamella, and the lumen of five representative cells in 
both the spring and summer wood of each section. These 
measurements were made in a  radial direction and by the 
use of a filar micrometer. Averages of the five readings 
were taken and compiled fo r study. W hile these results 
serve to interpret the action of various reagents, they are 
not sufficiently comprehensive to be taken as quantitative 
Measurements of the middle lamella are considerably less 
accurate than the others because of the comparatively slight 
breadth of this structure.

The effects o f various reagents have been studied under 
different conditions of concentration, time of heating, tem
perature and pressure.

I t  must be borne in mind that the results of such experi
mental treatments, especially as fa r  as the rate of action
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F ig . 7
F ig . 7— R a d ia l sec tion  o f  p in e , 156, 

t r e a te d  w ith  12N h y d ro ch lo ric  ac id  fo r  28 
h rs , a t  250  C.

F ig . 8
F ig . 8— C ross sec tio n  o f  p in e , 156, 

t r e a te d  w ith  50 p e r  c e n t ch ro m ic  ac id  fo r  
1 m in . a t  2 50  C.

F ig . 9
F ig . 9—T a n g e n tia l  s ec tio n  o f  p in e , 166, 

tr e a te d  w ith  50 p e r  c e n t ch ro m ic  ac id  fo r  
1 m in . a t  2 50  C.

F ig . 10
F ig . 10— R a d ia l s e c tio n  o f  p in e , 156

F ig . 12
F ig . 12— C ross sec tio n  o f  p in e , 465,

F ig . 11
F ig . 11— C ross sec tio n  o f  p ine ,

tre a te d  w ith  50 p e r  c e n t ch ro m ic  a c id  fo r  
1 m in . a t  2 5 0  C.

t r e a te d  w ith  4 p e r  c e n t  c a u s t ic  so d a  so lu- 
to n  fo r  8 h rs . a t  1500  C

tr e a te d  w ith  4 p e r  c e n t c a u s t ic  soda  so lu 
tio n  fo r  8  h r s .  a t  1500 C.

is concerned, cannot be applied directly to large-scale trea t
ments because of the differences in such factors as penetra
tion and quantités of material involved.

The heart wood of Pinus Virginiana (Jersey P ine; scrub 
pine) was generally used fo r study. The following reagents 
have been used in these treatm ents :
D istilled  w a te r  
C opper am m o n iu m  reag e n t 
10 per ce n t sod ium  chloride 
72 p e r  ce n t su lfu ric  ac id  
C o n ce n tra te d  hyd roch lo ric  ac id  
Phenol

M an g in ’s reag e n t (e th y l alcohol, 4 
conc. HC1, 1)

50 p e r  ce « t chrom ic acid 
L im e b leach
1.0 N  c a u stic  soda  so lu tion
12.0 N  c a u stic  so d a  so lu tion

C o n ce n tra te d  n itr ic  ac id  p lus p o ta ss iu m  10 p e r  ce n t sodium  bisu lfite 
ch lo ra te  S a tu ra te d  sod ium  bisu lfite

S a tu ra te d  su lfu rous  acid 
10 p e r  ce n t sodium  sulfide

D iscussion of P hotomicrographs 
In  all, about seventy sections have been made and ex

amined. Photomicrographs have also been made of many 
of these sections. A  detailed description of these results 
would obviously be out of place here; hence the discussion 
will be confined prim arily to the following treatments as 
typical of the results which may be obtained by this m ethod:

U n tre a te d  sections.
C o n ce n tra te d  (12 N )  hydroch lo ric  ac id— a cellulose so lven t.
50 p e r  ce n t ch rom ic ac id —a  stro n g , oxidizing ag e n t.
1.0 ca u stic  soda— a  p ap e r-m ak in g  reag e n t.

untreated sections (Figs. 1, 2, 3, 4 )— The cross section 
shows the dividing line between spring and summer growth, 
the well-marked medullary rays, and a longitudinal resin 
duct, surrounded by epithelial tissue. The middle lamella

and bordered pits are brought out more clearly in Fig. 4.
Figs. 2 and 3 show the well-defined, overlapping tracheids 

(or “ fibers” ) having the radial walls dotted with bordered 
p its; the numerous medullary rays and their storage con
tents.

CO NCENTRATED H YD RO CH LO RIC ACID T R E A T M E N T  (Figs. 5,
G, 7 )—The action of concentrated hydrochloric acid is to 
dissolve cellulose, probably in a more or less depolymerized 
and esterified form. On standing, particularly when diluted, 
the action on the dissolved material is largely one of hydrol- 
syis, with dextrose as the principal product. The lignin 
of coniferous wood is fo r the most p a rt undissolved by this 
treatment, although the residue from  treatm ents by such 
solvents is thought by Dore1 to be dehydrated form  of the 
original lignin.

In  these experiments sections of wTood were allowed to 
stand in concentrated hydrochloric acid at room tem perature 
for 28 hrs. They were washed thoroughly and stained.

The effects of the treatm ent are pronounced. The cell 
walls are greatly swollen, particularly in the summer wood, 
where they have filled the lumen; the walls bulge in the 
middle, but are constricted a t the corners. In  places the 
cells have split away from the middle lamella, but the mid
dle lamella itself is apparently  unchanged. The medullary 
rays have withstood the treatment, except tha t some of the 
central cells have been removed.

F IF T Y  P E R  C E N T  C H R O M IC  ACID TR E A T M E N T  (Figs. 8, 9, 10) 
—Chromic acid attacks the lignin complex of lignocellulose

1T H IS  JO U K N A L , I I  (1919), 556.
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and oxidizes it to carbon dioxide and acids of low molecular 
weight, such as acetic acid.1 A t the same time cellulose is 
attacked," with the form ation of oxycelluloses or decom
position products of lower molecular weight, depending 
upon the severity of the treatment.

In  these experiments wood sections were treated for 1 
min. in 50 per cent chromic acid a t room temperature, 
washed thoroughly, and stained.

The action in these sections is very marked. The entire 
structure has evidently been attacked and partially disin
tegrated even in the short time involved. Cell walls are 
greatly swollen, the corners restricted, but the center of 
the wall bulging. In  some places the cells have split apart 
and the middle lamella has been removed. The medullary 
rays persist, but have been distinctly attacked by the acid.

1.0 N  c a u s t i c  s o d a  t r e a t .m e x t  (Figs. 11, 12)— The re
actions of dilute caustic soda on wood, at high temperatures 
and pressures, are several. According to Cross and Bevan,3 
the lignin group of lignoeellulose is changed into soluble 
products, leaving insoluble cellulose. Normal (a) cellulose 
is slowly attacked, but a small portion (/3-cellulose) is dis
solved. Pectocelluloses of the middle lamella are resolved 
into cellulose and soluble hydrolysis products,o f the non- 
cellulose portion (pectin, pec-tic acid, mctapectic acid), 
while hemicelluloses are dissolved even by cold dilute 
alkalies.

In  these experiments wood sections were treated with
1.0 2V caustic soda solution fo r various lengths of time (2, 
3, 4, C, 8, 11 hrs.). During the iirst 8 hrs. the tem perature 
was maintained at 150°C. and the pressure a t 65 lbs.; dur
ing the last 3 hrs. the tem pérature was raised to 180°C., 
and accordingly the pressure to 125 lbs.

The effects o f the early stages of cooking on these sec
tions will not be described as they appear more markedly 
in the sections treated for a longer time.

During the cooking, the cell walls swell considerably and 
striations appear. The resin ducts are attacked in the early 
stages, while the rays are acted upon gradually, and as in 
most other treatments retain their form  afte r the other 
structures have been attacked.

The middle lamella gradually dissolves and, at the same 
time, splits away from  the cell wall in some places. W ith 
the exception of the thickened intercellular substance a t the 
■corners of the cells (which substance persists even through 
the most drastic treatm ent), a clean channeling away of the 
middle lamella occurs, and consequently the tracheids are 
separated one from another. In  the la ter stages of treat
ment the sections are badly decomposed and fall apart 
readilv.

D i s c u s s i o n  o f  T r e a t m e n t s

One method of studying the effects produced by these 
rsagents is by a comparison of the measurements made on 
treated and untreated cells. AVhile swelling or absence of 
swelling in such structures does not necessarily measure the 
extent of the reactions which are taking place, yet they 
serve to indicate the comparative effects of reagents on 
different portions of the structure. I f , fo r example, a 
sponge were thoroughly impregnated with rubber, benzene 
would swell and eventually dissolve out the rubber and not 
affect the structure of the sponge; on the other hand, water 
would swell the sponge but have no effect on the rubber.

1 Cross an d  B evan , “ P a p e r  M ak in g ,”  1916, 42.
2 T ro m p . deH aas  an d  T olîens, Anri.. 286 (189Ô), 296.
3 " P a p e r  M ak ing ,”  1916, 60.

As previously pointed out, while these measurements 
should not be taken as absolute, the selective actions of 
reagents on the structures (as evidenced by changes in size, 
shape, and staining effects) indicate definitely tha t there 
m ust bo a difference in composition between the structures 
which, for the purposes of this discussion, may be distin
guished as the “ middle lam ella” and “ cell wall.” F urther
more, they show tha t:

1—Cellulose solvents (such as copper ammonium reagent and 
72 per cent sulfuric acid) act strongly and about equally on both 
the middle lamella and the cell wall.

2—Strongly oxidizing solutions (such as chromic acid,^bleach 
solutions and potassium chlorate in nitric acid) act on the cell 
wall but have comparatively little effect on the middle lamella.

3—The ordinary paper making reagents (such as dilute caustic 
soda and sodium bisulfite solutions) act strongly on the middle 
lamella and, relatively, have very much less eileci on the ccll wall.

Unfortunately it has been necessary to discontinue this 
investigation, a t least temporarily, a t a time when it gave 
promise of leading to more practical applications. Conse
quently, the evidence is too incomplete to perm it of. other 
deductions which may be allowable when additional in
formation has been secured. F or example, it is a significant 
fact that the ratio between the thickness of middle lamella 
and cell wall remains constant during treatm ent by cellulose 
solvents but varies greatly with other classes of reagents. 
This may argue for sim ilarity in the amounts of cellulose in 
these structures, but fo r the presence in the ccll wall of 
larger quantities of readily oxidizable substances than in 
the middle lamella.

I t  is to be expected that the chemicals used in paper mak
ing would react strongly 011 the middle lamella, but that 
they would react on compounds of.the cell wall in  such a 
manner as to attack the cellulose but slightly. The faot 
that this method brings out the evidence clearly is of great 
interest, because it points out the way for a systematic study 
of reagents which might be used in paper making.

During the progress o f this work it has become increas
ingly evident that it would be desirable to separate the mid
dle lamella and various portions of the cell wall, and to sub
mit them individually to chemical analysis. This would 
clear up  many uncertainties with regard to the structure of 
wood. U nfortunately, however, the individual units arc so 
small that mechanical separation is out o f the question.

The most promising method now in sight is the use of 
microorganisms which act only on certain parts  of the cell 
structure. By the use of pure cultures it might be possible 
to trea t thin sections of wood and then analyze the residual 
constituents. Microscopic studies should be of great as
sistance in such investigations, and it is not unlikely that 
such an investigation may open up the way fo r funda
mentally different methods of making paper. Certainly it 
is becoming increasingly apparent that basic improvements 
in this industry can be realized only by some such a com
prehensive study.

S u m m a r y

A new procedure has been developed whereby the action 
of chemical reagents on the uiicrostrueture of wood may be 
followed readily either by the microscope or by photomicro
graphs. This method has been used in investigating the 
effects of various electrolytes on pine wood. A number 
of typical treatm ents are described and discussed. The 
results have been studied with the microscope, photomicro
graphs. and by measurements with a filar micrometer.
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The Detection and Estimation of Coal-Tar Oils in Turpentine1
By V. E . Grotlisch and W. C. Smith

. l e a t h e r  a n d  P a p e r  l a b o r a t o r y ,  B u r e a u  o f  C h e m i s t r y ,  U . S . D e p a r t m e n t  o r  A g r i c u l t u r e ,  W a s h i n g t o n ,  D . c .

The detection of small quantities of coal-tar oils, such 
as toluene, xylene, and commercial solvent naphtha, in 
turpentine, and the estimation of the quantity of such adul
terants present are considerably more difficult than the de
tection and estimation of mineral oil adulterants.

Marcusson2 and K rieger3 have published methods for 
such analyses, but these have not, in the hands of the 
authors, when followed most carefully, given concordant 
or reliable results, especially when the quantity of adul
terant present was less than 10 per cent, as is frequently the 
case when coal-tar oils are used to adulterate turpentine 
fraudulently. Authentic pure gum turpentines have given 
results when treated according to the above methods which 
indicated adulteration, and samples of turpentine adul
terated with as much as 2.5 and 5 p e r cent o f solvent naph
tha gave results quite similar to those obtained on pure 
turpentine. A brief outline of the methods referred to 
above may not be out of place.

Marcusson adds 10 cc. of the turpentine, drop by drop, to 
30 cc. of fuming nitric acid which bus previously been cooied to 
— 10“ C. by placing the flask in a freezing mixture to prevent 
explosion or ignition of the mixture, as the reaction is extremely 
violent. After standing at room temperature for about 15 min., 
75 cc. of ordinary concentrated nitric acid are added, and the 
mixture is poured into 150 cc. of water in a flask having a narrow, 
graduated neck and allowed to stand on the steam bath for 15 
min. The insoluble nitration product, which settles to tlie bot
tom, is then floated into the neck of the flask by adding concen
trated sulfuric acid to increase the density of the liquid. The 
volume of the nitration product, multiplied by an empirical 
factor, represents the quantity of coal-tar oil present in the tur
pentine. Pure turpentine, according to the author, yields 
nitration products which go into solution in the water almost 
completely when heated on the steam bath, leaving only a 
negligibly small quantity of light resinous residue, which cannot 
be confounded with the heavy oily liquid nitration product ob
tained from the coal-tar oils.

These results are a t variance with our observations. Wo 
have repeatedly obtained a considerable quantity of a 
viscous, gummy nitration residue from pure gum turpentine, 
which was insoluble in hot water, and the residues obtained 
in the case of authentic turpentine adulterated with com
mercial solvent naphtha to the extent of 3, 5, and 10 per 
cent, respectively, were all of very nearly the same volume 
as that obtained from pure turpentine, the only difference 
being a diminution of viscosity as the percentage of adul
terant present increased. The 10 per cent residue was not 
free-flowing, and could not be called liquid.

Krieger shakes 20 cc. of the turpentine with 100 cc. of diluted 
sulfuric acid (4: 1, sp. gr. 1.76) in a fl;.sk, dilutes with 200 cc. 
sulfuric acid (4 : 1, sp. g T . 1.76) in a flask, dilutes w ith 200 
cc. of w ater, and distils w ith steam . This is repeated, and 
the oily portion of the final distillate, which is supposed to 
rep rese n t' to ta l arom atic and paraffin hydrocarbons, is 
treated w ith 10 to 15 cc. of fum ing sulfuric acid contain
ing 8 per cent free  SO3 , to sulfonate the benzene hydro- 
which separates is considered as mineral oil. and the dif
ference between the volume of this oil and the volume of 
the oily d istillate obtained by the last steam  distillation 
is calculated as benzene or coal-tar hydrocarbons.

As shown by Veitch and Donk.4 it requires a fum ing sul
furic acid, containing approximately 4 per cent free SQ_. 
in the proportion of 4 parts  acid to 1 p art turpentine, to-

1 P r e s e n te d  b e fo r e  t h e  D iv is io n  o f  I n d u s t r i a l  a n a  E n g in e e r in g  
C h e m is try  a t  th e  G is t  M e e t in g  o f  th e  A m e r ic a n  C h e m ic a l S o c ie ty , 
U o c h e s te r ,  N . Y .. A p r i l  2 6  t o  2 9 . 1921 .

2 C h e m .- Z tg . ,  3 6  (1 9 1 2 ) ,  4 1 3 , 4 21 .
I b id . ,  4 0  ( 1 9 1 6 ) ,  9 7 2 ;  J .  S o c . C h em . l n d . f 35  « 1 9 1 6 » . 7466 .

4 U . S. B u r e a u  o f  C h e m is tr y .  C i r c u la r  85.

gether with heating and frequent agitation a t C0° to 05° C. 
fo r 10 mill, to polymerize pure turpentine completely. Even 
then, on addition of ordinary concentrated sulfuric acid 
and steam distillation of the mixture, a  small percentage 
(below 5 per cent) of a dark volatile oil with unpleasant 
odor, is often recovered, having a refractive index above
1.500. I t  is thus evident that turpentine cannot be com
pletely polymerized by K rieger’s method, and that the steam 
distillate will contain more or less terpene hydrocarbons. 
Such was found to be the case.

In  order to be able to detect with certainty small per
centages of coal ta r oils, i .  c . ,  1 or 2 per cent, it was deemed 
necessary first to concentrate these oils from a large volume 
of sample. Fractionation was not feasible, as most solvent 
naphthas have initial distilling temperatures below that of 
turpentine, with a much wider distillation tem perature 
range. I t  was found that the reaction between turpentine 
and dry hydrogen chloride gas offered a solution to this 
phase of the problem. The pinene hydrochloride crystal
lizes out on standing in the cold, and the non-erystallizable 
products have much higher boiling points, while both coal- 
ta r  oil and mineral oil are unaffected. On filtering off the 
crystalline pinene hydrochloride and distilling the filtrate 
under reduced pressure, the coal-tar oils are all concen
trated in the first portions of the distillate.

By sulfonating this distillate with fuming sulfuric acid, 
the terpenes are polymerized into soluble, nonvolatile bodies, 
and the benzene hydrocarbons are converted into sulfonic 
acids. I f  the mixture is then subjected to steam distillation, 
a  very small percentage of volatile oil, having a dark yellow 
color, disagreeable odor, and a refractive index at 20* C. 
slightly above 1.500, is recovered in the case of pure 
turpentine. I f  any mineral oil is present, it is recovered at 
this stage as a limpid, almost colorless oil, having the 
characteristic mineral oil odor and a refractive index below
3.500, usually below 1.480. P ure toluene, xylene, and 
solvent naphtha give no oily distillate when the sulfonation 
m ixture is steam distilled. The coal-tar oils which are re
covered, after the steam distillation no longer give any oily 
distillate, by the reaction lirst pointed out by Armstrong 
and Miller,1 who showed th a t if the sulfonic acids of the 
benzene hydrocarbons, dissolved in an excess of sulfuric 
acid, are heated in the presence of steam to tem peratures 
above 100° C., depending oil the hydrocarbon derivative 
used, decomposition takes place with liberation of the free 
hydrocarbon: The operation is carried out by adding
water, drop by drop, to the boiling acid mixture. The oils 
recovered in this step have always had practically the same 
odor and refractive index as the original coal-tar oil used 
as the adulterant. The recovery of any appreciable quanti
ty of oil a t this stage is an indication of the presence or 
coal-tar oils in the turpentine under examination.

The results obtained by the proposed method are given 
in Table I. I t  will be noted from  this table that traces or 
oil are usually recovered in the case of pure gum turpentine. 
However, the small quantity of such oil recovered from pure 
turpentine, its odor, and the resinous gummy product ob
tained upon nitration, as outlined more fully below, serve 
to distinguish between this oil and tha t obtained when even 
small quantities of coal-tar oils are present.

I t was impossible to recover the theoretical quantity of 
coal-tar oil which was added to the turpentine in the ex-

’. ■). C h em . S o c ..  4 5  (1 S S 4 ) , 150.
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T a r l e  I  —  R e s u l t s  O b t a i n e d  o n  K n o w n  M i x t u r e s  o f  G u m  T u k i 'E.n t i n e s  a n d  C o a l - T a u  O i i .s

• S a m p le
N o. N a tu r e  o f  S a m p le

A d u l t e r a n t  P r e s e n t

3
4 
ft 
6
7
8 
y 

10
11
12
13
14
iß
10

P u re  tu rp en tin e . N o. 1 
N o. 1, a d u l t e r a t e d

P u re  tu rp e n tin e . N o. 2 
N o. 2, ad u lte ra te d

P u re  tu rp en tin e , N o. S 
N o.^3, ad u lte ra ted

P u re  tu rp e n tin e . N o. 4 
N o. 4, ad u lte ra ted

P e r  c e n t K in d
N one S o lv . n a p h t h a , 1

5 2
4.5 ia i* 2
10
O K <4 tt 3

N one .. 3
S M in e r a l  s p i r i t s

10
N one C. P . x y le n e

10 C . P  to lu e n e

N one S o lv . n a p h t h a , 1
2 C . P  x y le n e
2 S o lv . n a p h t h a , 2
5 M in e r a l  s p i r i t s ,
5

R e c o v e re d  
o n  S te a m  

D is t i l l a t io n  
Cc.

T ra c e
v

0.2
0 .25
0.2
0 .2 5
0 .35
7 .5
0 .3
0 .3
0 .3
0 .3
0 .3
0.2
4 .0

R e c o v e re d  
o n  D ir e c t  

D is t i l l a t io n  
C c. 

T ra c e  
2.2 
2.0 
2.0 
1 .2 5  
0.2 
3 .2  
0.2 
0.2 
5 .5  
0.0 

T r a c e  
0.8 
O.S•) o

P r o p o r t io n  o f  
T o t a l  C o a l-T a r  

A d u l t e r a n t  R e c o v e red  
P e r  c e n t

44’
44 .4
5 0
5 0

4 0  *

5;>
41

40*
40
44

M e a n , 4 4 .8  
F a c to r ,  2 .2

porimeuts. Hydrolysis of the sulfonic acids takes place 
very slowly a t the tem perature of initial hydrolysis, and 
requires a constantly rising tem perature to bring about any
thing approaching a complete recovery of the hydrocarbons 
in a reasonable length of time. The reaction being a re
versible one, it was found that the recovery of the hydro
carbons was better, the more rapidly the operation was 
carried out. However, when the tem perature of the acid 
mixture rose to about 170° C., frothing set in, due to the 
resinous and carbonaceous m atter formed by the action 
of the sulfuric acid on the terpene compounds. When the 
frothing became excessive, it was necessary to discontinue 
the distillation. The use of paraffin to prevent frothing 
did not prove feasible, since some of it was earned over 
into the distillate, introducing a corresponding error in the 
results. An empirical factor of 2.2, by which to m ultiply 
the quantity of oil recovered to show the true quantity 
present, was determined by experiment, as shown in Table
I. One hnndred-ec. samples were used in each experiment.

R e c o m m e n d e d  P r o c e d u r e

Place 100 cc. of the turpentine in a wide-moutli, 8-oz. 
bottle fitted with a 2-hole stopper carrying glass tubes ar
ranged as in a gas-washing bottle. Allow to stand in a 
mixture of ioe and salt fo r a short time, and then pass into 
the turpentine a gentle stream of hydrogen chloride gas, 
dried by passing through two gas-washing bottles contain
ing concentrated sulfuric acid. A sufficient quantity of gas 
may be conveniently generated by gently W’arming 100 g. 
of common salt with 100 cc. of sulfuric acid made up by 
diluting 85 to 90 cc. of the concentrated acid. The acid is 
added to the salt from a dropping funnel in  portions of 
about 20 cc. during the course of the absorption. A  3-way 
stopcock is placed between the generator and the first 
wash bottle, so that when the absorption of HC1 by the 
turpentine is complete, the gas still being generated can 
be diverted readily into a bottle containing sodium hydroxide 
solution. The tube should not extend into the solution but 
ju st into the neck of the bottle. An ordinary 2-way stop
cock is also placed between the second wash bottle and the 
absorption bottle, so that the former may be closed from 
the air while not in use. An exit tube from the absorption 
bottle leads into the neck of a bottle containing a little 
water. When the absorption of gas is complete, the excess 
passes on through the turpentine into this bottle, and can 
be seen dissolving in the water.

After the absorption is complete, disconnect the absorp
tion bottle and allow to stand, corked, in a freezing mixture 
for about an hour, to obtain maximum crystallization of the 
pincne hydrochloride. This compound is very soluble in 
both mineral and coal-tar oils, so tha t with increasing 
percentages of adulteration the quantity of crystals" formed 
becomes smaller, and scarcely any are formed at 10 per cent

adulteration. F ilter oft' the crystals on a small Hirsch 
funnel, with, suction, and distil the filtrate under a reduced 
pressure equivalent to 10 in. of mercury, until crystals 
separate out in the condenser (which indicates complete 
distillation of the oils) or until 25 cc. o f distillate are 
obtained. If  the quantity of adulterant is quite large, i.e., 
10 per cent or more, as shown by the odor of the original 
sample, it will be well to collect a second 25-cc. portion of 
distillate and treat in  the same way as the first, adding the 
results together. Add the distillate slowly with occasional 
shaking, to four times its volume of fuming sulfuric acid 
containing 3 to 4 per cent free SOz, in an Erlenmeyer flask, 
keeping cool by holding under the w ater tap. Acid of 4 
per cent free SO, content is that regularly used for testing 
turpentine fo r mineral oil, and contains 82.38 per cent total 
S 0 3, equivalent to 100.92 per cent total II,SO ,.1 A fter 
the distillate has all been added to the acid, the flask is 
heated on the steam bath a t about 70° C., fo r about 20 min.. 
with frequent thorough shaking, in order to sulfonate the 
oils completely.

I t  was found that pinene hydrochloride is not readily 
sulfonated, and afte r cooling the sulfonation mixture, 
crystals will sometimes appear, especially when the tu rpen
tine is pure or only slightly adulterated. I f  the quantity 
is appreciable, it is advantageous to filter off these crystals 
on a small H irsch funnel before proceeding. No filtering 
medium is needed. Dilute the sulfonation mixture cautious
ly with an equal volume of cold w ater and pass steam 
through it, collecting the distillate. In  the case of pure 
turpentine, only a very small quantity (not over 0.5 cc.) of 
a disagreeably smelling, yellow, and rapidly darkening oil 
is recovered, having a refractive index a t 20° G. above
1.500. I f  mineral oil is present, it is recovered a t this point, 
and can be identified by its characteristic odor and re
fractive index, which is usually below 1.400.

W hen oil ceases to come over with the steam, disconnect 
the steam line and distil with direct heat, fitting the cork of 
the flask writh a dropping funnel and a  thermometer which 
extends into the liquid. A fter the mixture starts to boil, 
and when the condensate sta rts to show an oily portion, 
allow warm w ater to flow from the dropping funnel down 
the side of the flask, a t a slightly slower rate  than that 
a t which it is being distilled off, to obtain a gradually in
creasing boiling temperature. Run the distillation at the 
ra te  of about 3 drops per sec., or about 7 to 8 cc. per min. 
In  the case of adulteration with solvent naphtha hydrolysis 
starts a t about 115° C. Discontinue the distillation when 
frothing becomes excessive, to prevent contamination of the 
distillate with the acid mixture. Note the quantity of oil 
recovered and multiply by the factor 2.2. The result will 
be the percentage of coal-tar oil present in the turpentine.

1 A c o n v e n ie n t  m e th o d  f o r  p r e p a r i n g  th i s  a c id  Is d e s c r ib e d  In 
U . S. D e p a r tm e n t  o f  A g r ic u l tu r e ,  B u l l e t i n  8 9 8 .
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I f  the oil recovered is less than 0.5 cc., it may be neglected, 
as the quantity of adulterant, if  any, is probably less than 
1 per cent.

F urther to identify the oil as consisting of benzene hydro
carbons, n itrate a little of it by dropping cautiously into 
three times its volume of fuming nitric acid, previously 
cooled in  ice water. A fter warming slightly and standing 
aside until the action ceascs, pour the mixture into cold 
water. A heavy, yellow to light brown, aromatic smelling 
oil separates out which, afte r washing away the excess acid, 
has a refractive index between 1.550 and 1.555 a t 20° C. 
The odor is characteristic of nitrobenzene and its homologs. 
To carry the test still further, it may be reduced with a little 
zinc and hydrochloric acid, and, afte r neutralizing with 
sodium hydroxide, the amines may be recovered by steam 
distillation and extraction of the distillate with ether. 
Evaporate off the ether, acidifying with hydrochloric acid, 
diazotize with sodium nitrite solution, and afte r neutraliz
ing with a little sodium hydroxide solution, convert into a 
bright scarlet azo dye by adding a few cc. of a solution of 
the dye intermediate known as F-acid, 2,7-/J-naphtholsul- 
fonic acid. A piece of washed wool boiled in  the solution 
afte r making slightly acid with acetic acid will be dyed a 
bright scarlet, fast to light. Other intermediates of the 
general nature o f F-acid may be used, if  the la tte r is not 
available, but F-acid gives the brightest solution.

Wood turpentines, both steam and destructively distilled, 
do not give reliable results when tested by the above p ro
cedure, probably because the high tem peratures to which 
the wood and the resinous constituents thereof are exposed 
in present methods of m anufacture partly  break down the 
terpenes and resins to simple ring hydrocarbons. Both

toluene1 and m-isopropyltoluene, or m-isocymeno2 have been 
identified in rosin spirits, the low-boiling fraction from  the 
destructive distillation of rosin. The destructively distilled 
wood turpentines, as was to be expected, gave considerably 
higher yields of oil from  the distillation of the sulfonation 
m ixture than the steam distilled wood turpentines. The 
wood in the steam distillation process, being treated with 
superheated steam, is not subjected to such high tem pera
tures as to decompose the rosin materially, as in the destruc
tive distillation process. This is being studied further.

Summary

A method has been devised for detecting and estimating 
the percentage of coal-tar oils in gum turpentine adulterated 
therewith. The method will also serve to detect the presence 
of mineral oils if  any be present.

As a result of certain causes not fully understood, the re
covery of coal-tar oils is, on the average, about 45 per cent 
of the theoretical, requiring that the quantity of oil re 
covered be multiplied by the factor 2.2.

In  order to obtain concordant results, the strength of the 
sulfuric acid used to decompose the turpentine must be 
definite, varying between 3 and 4 per cent free SO„.

A method fo r fu rther identifying the oils obtained in the 
last step of the analysis has also been described.

The method is not strictly applicable to wood turpentine, 
because small quantities of the coal-tar oils are often found 
as normal constituents of this kind of turpentine. However, 
any considerable recovery of oil from  the sulfonation mix
ture, i.e., 4 per cent or more, even in the case of destruc
tively distilled wood turpentine, will serve to throw 
suspicion on the purity  o f the turpentine.

A Revision of the Optical Method for Analyzing Mixtures of Sucrose and 
Raffinose1

By C. A. Browne and C. A. Gamble
T h e  N e w  Y o b k  S c o a b  T i u d b  L a b o r a t o r y , I n c ., SO S o c t h  St ., N ew Y o r k , X . Y .

quickly recognized, especially in the analysis of beet sugars, 
where the presence of only a slight amount of raffinose may 
cause the polarization of a sugar to exceed 100.

Owing to the fact that raffinose is hydrolyzed by the 
ordinary methods of acid inversion and undergoes a  de
crease in polarizing power, the customary Clerget method 
for determining sucrose was found to  be no longer applica
ble to sucrose-raffinose m ixtures. Creydt,3 however, found 
that when a separate formula for estimating raffinose is 
united with the fam iliar Clerget formula, a combined equa
tion can be derived which perm its the estimation of the two 
sugars with a fa ir  degree of accuracy.

W ith the later substitution of the Herzfeld modification 
in place of the old Clerget process of inversion, the Creydt 
formulas fo r estimating sucrose and raffinose were revised 
in order to conform to the new conditions. These revised 
formulas, as given by Herzfeld,4 are

0.5124 P - P '  0.3206 P + P '
S —-----------------  and R =

One of the most interesting sugars from a chemical and 
analytical standpoint is the trisaccharide, raffinose. This 
sugar, first indicated by Johnston2 in Eucalyptus manna in 
1843, was afterw ards investigated in 1856 by Berthelot,3 
who gave it the name melitose. In  1876 Loiseau* discovered 
in the impure molasses of a beet-sugar refinery an unknown 
high polarizing sugar to which he gave, from  the place of 
its occurrence, the name raffinose. In  1884 Böhm5 an
nounced the discovery in cottonseeds of a new sugar to 
which he gave the name gossypose. Tollens“ in 1886 proved 
melitose and gossypose to be identical with Loiseau’s ra f 
finose. This identification was im portant, fo r it estab
lished the wide occurrence of raffinose in the vegetable king
dom. The sugar has been found also in young wheat 
sprouts, in barley, and in other p lant substances; careful 
investigation would no doubt show it to be widely dis
tributed.

Raffinose is almost always associated in nature with 
sucrose, and the importance of devising a method fo r esti
mating these two sugars when they occur together was

* P re sen te d  befo re  th e  S ection  of S ugar C h em is try  an d  T echno logy  a t  the  
61st M ee tin g  o f th e  A m erican  C hem ica l S ocie tv , R o ch este r, N . Y ., A pril 26 
to  29, 1921.

» J .  prakt. Chevi., [1] 29 (1843), 4So.
3 A n n . C him ., [3] 46 (IS 06) ,  66 .
* Compt. rend., 82 (1S76), 1058.
* J .  p rakt. Chem ., [2] 30 (1884), 37.
f A n n ., 232  (1886), 169.

0.839 1.554
in which S and R  are respectively the percentages of su
crose and raffinose, and P  and P ', respectively, the direct 
and invert polarizations a t 20°C.

1 P e l l e t i e r  a n d  W a l te r ,  A n n .  c h im . p h y s . ,  [2 1 , 07 (---------1 27S  •
K e lb e , A n n . ,  2 1 0  ( 1 8 8 1 ) ,  14 .

2  K e lb e , h o c . c i t .
3  Z . Ver. deut. Z uckerind ., 37 (1 8 8 7 ), 153.
4 Z . TVr. deut. ZiK-kerind., 40  (1 8 9 0 ), 194.
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P u r p o s e  o f  I n v e s t ig a t io n

Previous to 1910 considerable doubt began to be ex
pressed among chemists as to the accuracy of the Herzfeld 
divisor 142.66 in the Clerget formula, and in 1912 a com
mittee was appointed by the International Commission fo r 
Uniform Methods of Sugar Analysis to determine the exact 
value of this factor. The outbreak of the war prevented 
the International Commission from meeting again, and for 
general purposes tlie Herzfeld divisor 142.66 still continues 
in common use. Langguth-Steuerw ald1 in 1913 determined 
the Clerget divisor fo r Ilerzfeld’s process of inversion to 
be 143.05. Schrefeld,2 in  a posthumous paper published in 
September 1920, of a research conducted in Ilerzfeld’s 
laboratory in 1910, found the Clerget divisor to be exactly 
143, and stated that the erroneous value 142.66 was prob
ably due to its having been established for a preparation 
of sucrose that contained raffinose as an impurity. The 
writers of the present paper also find a value of 143, which 
corresponds to a Clerget divisor of 133 with a negative con
stituent of —33 at 20°C., when following the process of 
inversion recommended by Schrefeld. This correction in 
the inversion constant for pure sucrose obviously necessi
tates another revision of the modified Creydt formulas for 
analyzing mixtures o f raffinose and sucrose, and this was 
one of the purposes which the writers had in mind when 
beginning the present investigation.

A second purpose in connection with this research was 
the redetermination of the inversion constant of pure raf- 
iinose. F or this purpose two preparations of chemically 
pure raffinose were used, one of foreign and the other of 
domestic manufacture. The foreign product, manufactured 
by Kalilbaum, consisted of fine white crystals of raffinose 
hydrate, which on drying in a vacuum, first at 70° C. and 
afterw ards at 100°C., lost 15.18 per cent w ater; the theoret
ical loss for CUH ,,0^511 ,0  is 15.16 per cent water. The 
crystals of the hydrate dissolved in water to a  perfectly 
colorless solution and gave a specific rotation upon a quartz 
wedge saccharimcter corresponding to [a] J fj" =  - f -104.42. 
The average value fo r the specific rotation of raffinose 
hydrate according to Landolt, Tollens, Lippm ann, and 
other authorities is [a ] ' = + 1 0 4 .5 .

The raffinose of domestic m anufacture was a preparation 
of the anhydrous sugar, which, either from  imperfect de
hydration or from  reabsorption of atmospheric moisture, 
contained considerable raffinose hydrate. The product gave 
a specific rotation upon the saceharimeter corresponding to 
[a] =  -{- 119.8, which would correspond to a mixture
o f about 82 per cent anhydride and 18 per cent hydrate. 
I t  lost upon drying in vacuo over sulfuric acid, first at 
60i’C. and then a t 95°C., 2.71 per cent moisture. The 
specific rotation when corrected for this amount o f moisture, 
is [a] ' = + 1 2 3 .1 4 ,  which agrees very closely with
the generally accepted value of +  123.2.

D e t e r m in a t io n  o p  I n v e r s io n  C o e f f i c i e n t , o f  R a f f in o s e

F o r determining the inversion coefficient of raffinose, the 
process recommended by Schrefeld fo r the inversion of 
sucrose was followed. Several solutions of different con
centration were polarized at exactly 20° C., 50 cc. of these 
solutions were measured into 100-cc. flasks, water was 
added to bring the total amount o f w ater in  each flask to 
75 cc., 5 cc. of HCI (sp. gr. 1.19) were added, and the 
flasks were immersed in a large water bath kept a t exactly 
70°C. A thermometer was placed in each flask, which was 
gently rotated. In  about 3 min. the tem perature of the

1 A rch . S u ikerin d ., 21 (1 9 1 3 ), 1353.
•2 Z . Ver. d e n i. Zuckerind ., 7 0  (1 9 2 0 ), 4 0 2 .

solutions in the flasks readied 67° C., from  which point the 
heating was continued exactly 5 min. longer. The tempera
ture at the end of the heating was 69.5°C. The flasks were 
quickly cooled, and afte r rinsing off the thermometers the 
solutions were made up to 100 cc. a t 20°C., mixed, and 
polarized a t this tem perature in a quartz wedge Sac
charimeter, using a 400-mm. tube. The results obtained 
with six solutions of raffinose are recorded in Table I. 
The Saccharimeter readings were taken by four observers 
on two different instruments, and the average values 
recorded.

T a b l e  I — R a t io  o p  D i r e c t  t o  I n v e r t  P o l a r i z a t i o n  o k  R a f f i n o s e  
S o l u t i o n s

R affinose D irec t P o la riza tio n  (P ) I n v e r t  P o la riza tio n  (P ')  R a tio
P '

P rep a ra tio n  200-m m . T u b e , 20° C . 400-m m . T u b e , 20° C . p-
R ah lb au m  + 9 9 .6 9  ¡4*51.21 0 .5137
K ah lb a tim  + 9 9 .6 3  + 5 1 .2 2  0 .5141
D om estic  + 5 7 .2 0  + 2 9 .4 6  0 .5150
K ahlbauxn  + 2 6 .9 5  + 1 3 .8 6  0 .5143
D om estic  + 1 2 .8 0  +  6 .5 9  0 .5148
K alilb au m  +  7 .4 4  +  3 .8 2  0 .5134

A verage 0 .5142

In  the present paper the rounded three-decimal value 
0.514 is taken as tiie basis of calculation. This is a  little 
higher than the value used in the Herzfeld formula, which 
is 0.5124. The values reported by other observers for 
different methods of inversion are 0.5070 by Creydt,1 0.5182 
by Dammüller,“ 0.5188 by Lippm ann,3 and 0.5094 by 
Beytliien and Tollens.4 Variations in the concentration of 
raffinose seem to have but little influence upon the ratio.
E v a l u a t io n  o f  F o r m u l a s  f o r  E s t im a t io n  o f  S u c r o s e  a n d  

R a f f in o s e

The evaluation of the formulas fo r estimating sucrose 
and rafilnose, on the basis of the invert factor —0.33 for 
suerose and +  0.514 for raffinose, is made as follows:

The generally accepted ratio of the specific rotation of
-fl2 3 .2

sucrose to that of raffinose anhydride is ■■■, ■ ■ .  ■■ =  1.852.+66.0
I f  the suerose normal weight of a product be taken, the 

direct polarization (P ) of S per cent sucrose and R per cent 
raffinose, upon a saccharimcter, would be represented by 
the equation

P =  S +  1,852 R (1)
P -  S

whence R =    (2)
1.852

and S = P -  1.852 R. (3)
The polarization of S per cent sucrose at 20°C. afte r in

version (disregarding the influence of concentration) would 
be —  0.33 S, and the polarization of R per cent raffinose 
at 20°C. afte r inversion would bo 1.852R X  0.514. The 
total invert polarization (P ')  a t 20°C. o f the mixture of 
sugars is then

P' = -0 .33  S +  (f-S52 RX 0.514) (4)
Substituting for R in Equation 4 its value from  Equa

tion 2 we obtain
P ' = -0 .33  S +  0.514 (P - S )  (5)

, ' 0.514 P -  P '
whcnce S = ----------------at 20° C. (0)

0.844
Substituting for S in Equation 4 its value from  Equa

tion 3 we obtain
P '=  -0 .33  ( P -  1.852 R )+  (1.852 RX0.514) (7) 

0.33 P4- P '
whence R = —------------at 20° C. (8)

1.563
Formulas 6 and 8 are valid only when the solutions are

made up and polarized at exactly 20°C., and a third pur-
> Sir.. 19 (1SSG), 311Ô.
1 Z . Ver. deut. Z uckerind ., 38 (1SSS), 74S.
J Z . Ver. deut-. Zuckerind ., 38 (18SS), 1232.
* Z . Ver. deut. Zuckerind ., 39 (1SS9), 9 i7 .
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pose of the present investigation was the evaluation of a 
general formula that would be applicable a t all tem pera
tures.

E v a l u a t i o n  o p  G e n e r a l  F o r m u l a  A p p l i c a b l e  a t  A l l  

T e m p e r a t u r e s

t e m p e r a t u r e  c o e f f i c i e n t  f o r  s u c r o s e — The influences 
of changes in tem perature upon the direct and invert 
polarization of sucrose upon quartz-wedge saccliarimeters 
have been very thoroughly investigated, and are expressed 
by the general equation

P = S  [1-0.0003 (T —20)] = S  (1.000—0.0003 T) 
for the direct polarization (P ) and

P' = S [-0.33+0.005 <i—20)| =S ( -0 .4 3 +0.005O 
for the invert polarization (P ') ,  S being the percentage 
of' sucrose, T the tem perature of the direct polarization, 
and t  the tem perature of the invert polarization.

t e m p e r a t u r e  c o e f f i c i e n t  f o r  k a f f i n o s e — There is 
very little inform ation in the chemical literature as to the 
influence of tem perature changes upon the direct polariza
tion of raffinose. Creydt1 states that the rotation of raf- 
fiuose undergoes a slight decrease with increase in tem pera
ture. Other authorities state the influence of temperature 
changes to be imperceptible or negligible. The writers, 
from measurements of the polarization of raffinose solu
tions made up and polarized a t 10°C. and of similar solu
tions made up and polarized at 32° C., observed a decrease 
in polarization with increase in temperature, this decrease 
amounting to 0.00034 fo r each degree of the saccliarimeter 
scale for 1°C. increase in temperature. This value differs 
by only 0.00004 from that obtained fo r sucrose. The tem
perature correction for sucrose may, therefore, be applied 
to the direct polarization of raffinose on quartz-wedge sac- 
charimeters without sensible error. Equation 1 fo r the 
direct polarization at tem perature T of a sucrose normal 
weight of product containing S per cent sucrose and R 
per cent raffinose would then be

P = S (1.000-0.0003 T ) + 1.852 R (1.006-0.0003 T) (9)
Several formulas have been worked out fo r correcting the 

invert polarization of raffinose fo r changes in temperature. 
Herles'- found a solution of raffinose, which polarized-j-100 
at 20°C. upon the saccliarimeter before inversion, to read, 
after inversion by Herzfeld’s method, -j- 51.24 when the 
inverted solution was made up and polarized at 20°C., and 
to re a d -f-47.24 when the inverted solution was made up 
and polarized at 0°C., which corresponds to a loss of 0.2 
in polarization for 1°C. decrease in temperature.

The writers found a  solution of raffinose, which polarized 
+  100 a t 20°C. before inversion, to read, afte r inversion 
by Schrefeld’s modification, +  53.54 when the inverted solu
tion was made up and polarized at 32°C., and to read 
+  49.01 when the inverted solution was made up and 
polarized at 10 °C., which corresponds to a  loss of 0.18 in 
polarization for 1°C. decrease in temperature. The tem
perature correction fo r the invert polarization of a  solu
tion of raffinose, polarizing -{-100 a t 20°C. before inversion 
upon a quartz-wedge saccliarimeter, is therefore +- 51.4 +  
0.18 (f — 20) =  +  47.8 +  0.18«, which, calculated to a 
solution of raffinose having a  direct polarization of + 1 ,  
would be -{- 0.478 -{- O.OOlSf. The tem perature correction 
for the invert polarization of sucrose, employing Schrefeld’s 
modification of HerzfelcPs process, is — 33.0 +  0.5(i — 20) 
=  — 43.0 +  0.5f, which, divided by 100, equals — 0.43 +  
0.005Í fo r a direct polarization of +  1 at 20° C. Equation

4 fo r the invert polarization at tem peraturę t  of a sucrose 
normal weight of product containing S per cent sucrose 
and R per cent raffinose would then be

P ' = S ( —0.43 +0.0050 +  1.852 R (+0.478+0.0018/) (10) 
Substituting in (10) the value of R from Equation 9 

we obtain
P(0.47SX0.001SO—P'O-OOG —0.0003 T)

S = (11)(0.908-0.00320 (1.006-0.0003 T)
Substituting in (10) the value of S from  Equation 9 we 

obtain
P(0.43 -0 .005/)+ P '(1 .006 -0.0003 T)

R  =  - (12)
(1.681 -0.0059/) (1.006-0.0003 T)

W hen T and t  are each 20° C., Equations 11 and 12 be
come necessarily the same as (C) and (8).

Applications of the preceding formulas to the analysis 
o f several mixtures containing known amounts of sucrose 
and raffinose are given in Table II .

T a b l e  I I— A n a l y s i s  o f  K n o w n  M i x t u r e s  o f  S u c r o s e  a n d  R a f f i n o s e
 --------------- T a k e n --------------- . •------------------O b s e r v e d --------------- . . ------ C a l c u l a t e d -----------

Sucroso Raflinoso T  I Sucrose R affinose
P e r  C e n t P e r C e n t  P  °C . P ' °C . P e r  C e n t P e r  C e n t 

9 6 .0 6  3 .2 5  + 1 0 2 .0 0  20 — 2 8 .6 8  20 9 6 .0 9  3 .1 9
9 2 .2 2  6 .5 1  + 1 0 4 .3 0  20 —2 4 .3 0  20 9 2 .3 1  6 .4 8
7 6 .8 5  7 .4 7  +  9 0 .7 2  20 — I S .25 20 7 6 .8 7  7 .4 8
7 6 .8 5  7 .4 7  +  9 0 .5 0  30 — 1 4 .2 0  30 7 6 .9 0  7 .4 6
In  making the analyses of Table I I ,  only the most care

fully graduated flasks and observation tubes were employed, 
and the measured volumes of solution used fo r inversion 
were checked by weighing. The work was perform ed in 
an insulated constant tem perature room, and the average 
readings of two observers were taken as the recorded values 
of P  and P '.

W ith mixtures containing low percentages of sucrose, the 
negative constituent —33 of the Clerget divisor requires a 
slight modification fo r changes in concentration, and this 
necessitates a small correction of the revised formulas given 
in this paper. This correction is most easily applied by 
the method of approximation. F o r pure sucrose the nega
tive constituent of the Clerget divisor for the Schrefeld- 
Herzfeld formula varies according to the equation 

N =  —(32.1X0.07?) 
in which g is the grams of sucrose in the half normal weight, 
of substance taken fo r inversion. A fter determining the 
approxim ate percentage of sucrose by means of Formulas 
G or 11, the value of g is found, and from this the calculated 
value of the negative constituent (N) is determined. The 
value of 0.01 N is then substituted for — 0.33 in Form ula 5, 
and the corrected formulas for S and R are evaluated as 
previously described.

Thus, fo r a beet molasses containing 50 per cent sucrose, 
g =  0.5, whence N =  —  (32.1 +  0.07 X  G.5) =  —32.6 and 
0.01 N =  —0.320. Form ula 5 as thus corrected would tnve

0.514 P - P '  0.326 P X P '
S = ------—  and R = (13)

1 Z . Z uckerind . Böhm en , 13 ( ) ,  559; 15 (
2 Z . Ver. deiU. Zuckerind ., 37 C1SS7), 153.

) ,  52S.

0.84 1.556
In mixtures containing low percentages of sucrose and high 

percentages of raffinose the concentration of the inverted 
sucrose solution is affected so that this method of correction 
is no longer strictly valid. The products met with in com
mercial analysis contain, however, fo r the most p a rt only 
small percentages of raffinose, so that the question of high 
raffinose mixtures has nit a wide practical significance. In  
mixtures of sucrose with other sugars the negatire con
stituent of the Clerget divisor varies with the total carbo
hydrate concentration and not with the concentraion of 
sucrose alone.

T h e  I n f l u e n c e  o f  I m p u r i t i e s  U p o n  t h e  E s t i m 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  b y  t h e  O p t i c a l  M e t h o d  

W hile the results of Table I I  indicate that the optical 
method may give concordant results in the analysis of pure
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mixtures of sucrose and raffinose, no conclusion can be 
drawn as to the relative accuracy of this method in the 
analysis of mixtures of these sugars with the salts, nitrogen
ous substances, and other impurities that are found in 
natural and commercial products. The question of im
purities and of their influence upon the accuracy of the 
method introduces so many complications that only a  few- 
simple instances can be considered in the present paper. 
The following cases are taken: (1) Influence of optically 
inactive salts, (2) influence of optically active amino com
pounds, and (3) influence of clarifying agents. In  this 
connection the analysis of such a product as sugar-beet 
molasses is chiefly considered.

i n f l u e n c e  o p  o p t i c a l l y  i n a c t i v e  s a l t s —Ordinary beet 
molasses contains about 8 per cent of various organic and 
inorganic salts of potassium, about 1 per cent of the 
chloride and other salts of sodium, and a small remainder 
consisting principally of calcium salts. Potassium and 
sodium salts are the principal disturbing factors. Organic 
and inorganic salts of the alkalies, according to the results 
of different investigators, produce generally a pronounced 
decrease in the polarization of sucrose. The results in the 
case of raffinose are less marked, there being either no 
change or else a slight increase in polarization. W ash
burn1 obtained an increase in the polarization of raffinose 
on the addition of potassium and sodium chlorides. The 
wrriters selected potassium oxalate as a  convenient salt for 
experiments, and, with the proportion of 3 g. Iv.0 ,0 ,.  11,0 
in 100 cc., obtained the following results fo r the direct and 
invert polarization of sucrose and raffinose.

A sparag ine 
A sp a rtic  ac id  
G lu tam in e  
G lu ta m in ie  ac id

W a t e r  I k  P r u s e n c e  o p  H C 1  
—  6 + 3 4
+  4 +3*1

0 + 3 0
+ 1 0  + 3 0

- P ' -
W ith o u t O xala te  W ith  O xala te  W ith o u t O xala te  W ith  O xala te  

Sucrose + 5 0 .0 0  + 4 9 .7 5  — 16 .4 0  — 16 .50
R affinose + 1 7 .1 3  + 1 7 .2 0  +  S .85 +  8 .9 3

A decrease of 0.25 is observed in the direct polarization 
of sucrose, an increase of 0.07 in the direct polarization of 
ralfinose, an increase of 0.10 in the invert polarization of 
sucrose, and an increase of +  0.08 in the invert polarization 
of raffinose,. The effect o f these influences in the analysis 
r.f a mixture of sucrose and raffinose is partly  compensating. 
A normal weight of a mixture containing 50 per cent 
sucrose, 9.25 per cent raffinose, and 11.54 per cent K2 C2O4.- 
H ,0 , dissolved to 100 cc., gave a value of +  66.95 fo r P  and 
—7.57 fo r  P '. The percentages, as calculated by Formula 
13, would then be 49.98 per cent sucrose and 9.16 per cert 
raffinose. W e may, therefore, conclude that the presence 
of optically inactive salts of potassium and sodium in such 
amounts as occur in sugar-beet molasses will not produce 
errors exceeding 0.1 or 0.2 per cent.

in f l u e n c e  o p  o p t ic a l l y  a c t iv e  a m in o  c o m p o u n d s  —  
Among the optically active amino compounds which have 
been detected in sugar-beet products are asparagine and 
glutamine, and the corresponding derivatives of these, 
aspartic and glutaminie acids. The presence of any foreign, 
optically active substance introduces an error in the estima
tion of sucrose and raffinose by the optical method. Thus 
a  foreign substance affecting the determination of P  and P ' 
to the extent of +  0.1 would make the calculated percentage 
of sucrose 0.06 too low and the calculated percentage of 
raffinose 0.09 too high. W hen, however, the foreign, 
optically active substance has a different polarization in 
neutral and acid solution, as is the case with the optically 
active amino compounds, these errors of method are greatly 
increased. The following approxim ate specific rotations 
are given fo r several amino substances in  w ater and in the 
presence of hydrochloric acid:

1 J .  Am. C tem . Soc.. 31 (1909), 33S.

The marked increase in dextrorotation of these sub
stances in the acid inverted solution causes a pronounced 
diminution in the calculated percentage of sucrose and a 
pronounced increase in the calculated percentage of ra f
finose. Thus, a mixture of amino substances having an 
influence of — 0.1 upon P  and of -j-0.5 up jn  P ' would 
make the calculated percentage of sucrose 0.66 too low 
and the calculated percentage of raffinose 0.30 too high. 
In  other words, application of the method to a  mixture of 
sucrose and asparagine would indicate the presence of ra f
finose when this sugar was entirely absent, as may be seen 
from  the following example. A mixture containing 50 
per cent sucrose and 3.85 per cent asparagine gave a  value 
o f +  49.65 fo r P  and of — 1'4.8 fo r P '. Application of 
Formulas 13 indicate 48.00 per cent sucrose and 0.8G 
per cent raffinose.

Ehrlich,1 Andrlik and Stanek,' Smoleński,3 and other 
chemists have called attention to the errors which may result 
from  the presence of optically active amino compounds in 
the analysis of beet products, and fo r  a more detailed ac
count of such errors the original papers of these in
vestigators should be consulted.

IN F L U E N C E  O P C L A R IFY IN G  A G EN TS—I I I  this connection 
the influence of basic acetate of lead as a clarifying agent 
is alone considered. The errors due to the use of this re
agent are of two kinds, first the error due to the volume 
of the lead precipitate, and second, the error due to the 
effect of any excess of lead subacetate upon the polarization 
of optically active substances.

The error due to the volume of the lead precipitate 
produces an increase in the percentages of sucrose and 
raffinose as calculated from  the direct and invert polariza
tions. F o r a normal weight of 26 g. of beet molasses the 
volume of lead precipitate may equal 1 cc., which, for a 
product containing 50 per cent sucrose and 5 per cent 
raffinose, would produce an increase of 0.50 in the per
centage of sucrose and of 0.05 in that of raffinose

The action of dissolved lead subacetate upon the polariza
tion of optically active substances is variable. In  the case 
of sucrose, the results of Bates and B lake1 show a  slight 
decrease for amounts of lead solution not exceeding 6 cc. 
F o r volumes of lead solution exceeding 6 cc. a  gradual in
crease in polarization was noted. In  the case of raffinose 
small amounts o f lead subacetate produce no change in 
polarization; la rger amounts, according to W eisberg5 and 
to Svoboda,® cause a decrease. An experim ent of the 
writers showed tha t a solution of raffinose made up to 
100 cc. with w ater and 10 cc. of lead subacetate solution 
of 1.26 sp.gr. underwent a decrease in polarization from 
+34.25 (the reading fo r a pure aqueous solution) to 
+32.90.

Lead subacetate causes the polarizations of asparagine 
and aspartic acid to deviate strongly to the right, and 
those of glutamine and glutaminie acid to deviate slightly 
to  the left. Experim ents by Smoleński,7 upon the mixture 
of amino substances in the wTaste saccharate liquor of a 
beet sugar faetory, showed that 5 cc. of lead subacetatc in

1 Z . V er. deul. Zuckerind ., 53 (1903), S09.
2 Z . Z uckerind . Bohm eti, 31 (1906-7), 417.
3 Z . Ver. deui. Z u c k e r i n d 60 (1910), 1215: 62 (1912). 791.
4 U. S. B u rea u  of S ta n d a rd s  Bulletin  3 , 105.
5 Bull, assoc, ch im . suer, d ist., 9 (1891), 49S.
6 Z . Ver. deut. Z uckerind ., 46 (1896), 107.
7 Z . Ver. deui. Z uckerind ., 62 (1912), 804.
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100 ec. of solution caused the direct polarization to de
crease from - f-1.50 to + 1 .2 5  and that 5 ec. of hydro
chloric acid in 100 cc. of solution caused the invert polariza
tion to increase from -f- 1.50 to -f- 2.70. The effect of lead 
subacetate, according to the nature of the amino compounds 
present, might therefore cause an increase as well as a 
diminution in the errors ■which these foreign optically active 
substances produce. The sum of all the influences of lead 
subacetate upon the errors of the optical method fo r 
analyzing sucrose-raffinose mixtures would seem, however, 
generally to be compensating, the errors being usually less 
with than without its use. This is shown by Table I I I ,  
which gives a general summary of the results obtained in 
the analysis of mixtures of sucrose and raffinose with potas
sium oxalate and asparagine, both in presence and in 
absence of lead subacetate.

T a b l e  I I I — S h o w i n g  I n f l u e n c e  o f  I m p u r i t i e s  U p o n  t h e  E s t i m 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

•------------------------T a k e n ------------------------ - O b s e r v e d —* ^ - C a l c u l a t e d —*
P o tns-

Sucrose R aff- s ium  A sp a r- Load
N o. P e r  inose O xala te  ag inc S ub - P  P ' Sucrose RafT-

ce n t P e r  P e r  P e r  A ce- inose
ce n t c e n t ce n t ta te

1 50.00  9 .25  .....................................  + 6 7 .1 3  —7.55  50.06 9.21
2 50.00 9 .25  11.54 .....................  + 6 6 .9 5  —7.57 4 9 .9S 9 .16
3 50.00 9 .25  ...........  3 .85  . + 6 6 .7 8  —5.85  47.S3 10.23
4 50.00 9 .25  11.54 3 .85  . + 6 6 .8 0  —5.90 47.89 10.20
5 50 .00  9 .2 5  11.54 3 .85  lOe.c. + 6 7 .1 8  —6 .2 0  48.49 10.09
There are two possibilities fo r improving the accuracy 

of the inversion methods fo r estimating sucrose and raf- 
finose— one by the use of an inverting agent, such as in-

vertase, which avoids the disturbances produced by free acid 
in polarization of the amino substances, and the other by 
use of precipitating agents which remove the acid after 
inversion from solution.1 Both of these possibilities are 
being examined by the writers, who hope to report upon 
them at a later time.

Sum h a r t

The change in the Ilerzfeld divisor of the Clerget formula 
fo r estimating sucrose from 142.66 to 143 has necessitated 
a revision of the Creydt form ula fo r analyzing mixtures of 
sucrose and raffinose. In  the course of this revision, the 
inversion constant of raffinose and the tem perature co
efficient for the polarization of raffinose before and afte r 
inversion have been redetermined.

The relative accuracy of this revised formula is illustrated 
in the ease of known mixtures o f sucrose and raffinose and 
in the ease of known mixtures of these sugars with potas
sium oxalate and asparagine when lead subacetate is used 
as a clarifying agent. Possibilities W  improving the optical 
method fo r analyzing mixtures of sucrose and raffinose are 
also indicated.

1 R . F . Jackson  a n d  C . L . G illis (B u reau  01 S ta n d a rd s  Scientific Paper  
375. 177) suggest a  m odification of th e  C re y d t m ethod , w hich co n sb ts  in  
neu tra lir ing  th e  in v e rted  so lu tion  w ith  am m on ium  hydroxide a n d  ad d in g  th e  
eq u iv a len t am o u n t of am m on ium  chloride to  th e  so lu tion  fo r th e  d irec t po la ri
za tion , in o rder to  secure eq u a lity  of cond itions before a n d  a f te r  inversion . 
T h is suggestion, which h as  n o t been  w orked o u t in  d e ta il, deserves consideration .

Shortening: Its Definition and Measurement’ =
By Clark E. Davis

N a t i o n a l  B i s c u i t  Co., 409 W. 15th  St .. N e w  Y o r k ,  N .  Y .

The term “ shortening ” has never been satisfactorily 
defined. Still less satisfactory have been the attem pts to 
measure it.

The term is used throughout this paper as related to 
crackers, biscuits, or cakes. The average baker tests the 
shortness of a cracker in two ways: (1) by its resistance
to breaking, and (2) by its resistance to crushing. This is 
natural in view of the fact that in eating a cracker the 
shortness is first apparent when it is broken, either by the 
aid of the hands or by the teeth. I t  is even more apparent 
in the chewing operation, which is really one of grinding 
or crushing. Consequently if  some method could be devised 
which would measure either the breaking strength or the 
crushing strength, or both, it might lead to a definition of 
the term “ shortening.”

W ith this idea in mind, a machine has been devised which 
will measure cither the breaking strength or the crushing 
strength with a high degree of accuracy. This machine is 
similar to the form s of cement testing machines commonly 
in use. These machines, however, are designed fo r measur
ing heavy loads, and their sensitiveness need not bo of the 
highest order of accuracy. The force required to break or 
crush any food product, such as those with which we are 
working, is necessarily very small. This requires that the 
measuring machine be extremely sensitive in order to obtain 
great accuracy. In  a cement briquet a force of six, seven, 
or eight hundred pounds is required, while fo r a cracker a 
force of two, three, or four pounds is necessary.

A p p a r a t u s

The machine3 described in th is paper has been devised 
for m easuring breaking strength  and crushing strength. 
I t will be hereafte r referred  to as a  “shortom eter.”

In the drawing, F ig. 1 represents a side elevation of one
1 R e c e i v e d  M a y .  5 , 19 2 1 .
2 P u b l i s h e d  a s  C o n t r i b u t i o n  N o . 2 f r o m  t h e  R e s e a r c h  L a b 

o r a t o r y  o f  T h e  N a t i o n a l  B i s c u i t  C o m p a n y .
3 P a t e n t  a p p l i e d  f o r .

form  of the testing device. Fig. 2 is a horizontal section 
taken upon line 2—2 of Fig. 1, size of base 4.5 in. X  6 in. 
Fig. 3 is an end elevation of the lower portion of the ap-
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paratus shown in Fig. 1, engaged in breaking a  test cake. 
Fig. 4 is similar to Fig. 3, showing the test of a sample 
cake for its resistance to crushing. Fig. 5 is a  side eleva
tion of a modified form  of testing apparatus.

In  the apparatus shown in Figs. 1 to 4, inclusive, a table, 
1, is supported on 3 by means of adjustable screws, 2.

A p a ir  of parallel rails, 4, extend upward from  table
I  to support the cake, 5, when tested fo r breaking strength. 
A vertical hardened steel rod, C, 5 in. long is mounted in 
vertical hardened steel bearings, 7, formed on a  lateral 
extension, 8, of a vertical standard, 9, which is mounted on 
table 1. Spindle 6 carries a  horizontal support, 10, a t its 
upper end, on which a shot container, 11, is stationed. 
The striking member, 12, elongated, in socket 13 with set
screw 14 is detachable from  spindle 6 and is preferably 
rounded and comparatively narrow (See 15, Fig. 3). 16 is 
a guideway for the striking member.

When a cake is to be broken it is positioned across the 
rails 4, and member 12 is placed thereon, while shot is run 
into container 11 until the point of rup ture occurs. The 
container and contents arc then weighed.

A  modified form of apparatus is shown in F ig. 5 in which 
the spindle, 6', is pivotally connected to an arm, 17, which 
is pivoted at 18 to the standard 9'. Arm 17 carries a grad
uated scale as indicated at 19 and a sliding weight, 20.

W hen it is desired to test the crushing strength a portion 
of the cake, as indicated a t 5' in F ig. 4, may be placed on 
table 1 between the rails, 4, so that the cake rests firmly on 
the table. S triking member 12 is removed from  spindle 6 
by unscrewing set-screw 14. The lower portion, 6a, of 
spindle 6 has a horizontal bottom surface of comparatively 
small diameter. Shot is allowed to flow into the container
I I  until the spindle crushes or pulverizes that portion of the 
cake against which it rests. The container with contents is 
then weighed.

E x p e r im e n t a l

In  searching fo r a  type of goods upon which the ex
periments were to be made it was decided to use a variety of 
sugar cooky, because the amount of shortening used is 
a fa ir  average and the cake is easily made.

The following formula was used:

196 lbs. flour, m ed ium  w inter 
35 lbs. sho rten in g  
80 lbs. sugar 

4 3 .8  lbs. w a te r 
0 .5  lbs. s a lt
0 .5  lbs. am m o n iu m  b ic a rb o n a te  
0 .3  lbs. m onocalcium  ac id  p h o sp h a te  
1 .5  lb s . sod ium  b ic arbonato

All the experimental batches were 1 per cent of the 
original formula. This produced' 3.5 lbs. of dough.

In  order to arrive a t some definite method of procedure 
several hundred batches of cakes, made with the various 
shortening agents, were tested fo r  their shortness.

Standardized conditions must be established. In  the 
m anufacture of a  cake there are many variables, e. g., exact 
amount of m aterial used, method of mixing,1 tem perature of 
dough while mixing, time of mixing, the pressure exerted by 
the brake, tem perature of baking oven, conditioning of the 
cake afte r baking, etc.

In  the experimental work these conditions have all been 
so standardized that each cake gets the same treatm ent as 
every other one. The materials are all accurately weighed, 
the mixing is done by machine, the doughs are all made as 
near the same tem perature as possible, which is 80° F., 
the time of mixing is 7 min., the brake treatm ent gives all 
green cakes the same thickness, three-thirty-seconds of an 
inch, and the cakes are always cut of the same diameter, 
two and five-sixteenths inches.

The tem perature of baking is 465° F ., and in the reel oven 
used this was controlled to ±  2.5° by means of an electric 
control of the gas supply. The oven tem perature is un
doubtedly not uniform throughout, but this irregularity is 
obviated by the use of the reel oven which takes the cake 
through the relatively hot and cold zones, thereby giving all 
uniform treatment. Each batch is baked for the same 
length of time (8.25 m in.), determined by the number of 
revolutions (6).

The product is cooled in the absence of d rafts to prevent 
checking. I t  is then conditioned fo r a t least 48 hrs. in a 
closed cabinet where the tem perature and humidity remain 
practically constant. A t the end of this time the cake is 
broken in the shortometer. All cakes are of approximately 
the same diameter and are always placed in the same 
relative position.

Several hundred cakes were used in testing some shorten
ings, while in  some cases as many as three thousand were 
used in the standardization of this apparatus.

A few results are given, showing the method of recording 
and the breaking strength of each individual cake in various 
batches:

K in d  of fa t  
D a te  of bak ing  
D a te  of te s t  
T em p , of dough , °F .  
T em p , of room , PF . 
T em p , of oven, *F . 
H u m id ity , p e r  cen t

T a b l e  I
N o. 1 L a rd N o. 2 L a rd N o. 3 L a rd N o . 4 L
Ju ly  10 J u ly  17 J u ly  24 J u ly  26
J u ly  12 J u ly  19 J u ly  26 J u ly  28

79 81 80 81
77 80 84 91

465 465 - 465 465
63 79 66 62

B reak ing  s tre n g th , Lbs.
2 .6 3 2 .6 3 3 .0 6 2 .6 3
2 .7 5 2 .8 8 2 .6 9 3 .3S
2 .7 5 3 .0 6 2 .9 4 2 .9 4
3 .1 3 2 .S 8 2 .9 4 2 .7 5
2 .S3 2 .9 4 2 .9 4 2 .6 3
3 .0 6 2 .9 4 2 .5 6 2 .9 4
2 . 8S 2 .6 3 3 .0 0 2 .9 4
2 .8 8 3 .2 5 2 .S 8 2 .6 9
2 .6 9 2 .8 8 3 .0 6 2 .8 8
2 .9 4 3 .5 0 2 .8 1 2 .9 4
2 .5 6 2 .7 5 2 .9 4 2 .5 6
2 .8 1 2 .8 1 2 .8 8 3 .1 9
2 .8 1 2 .5 6 3 .0 6 3 .0 6
3 .0 6 3 .1 3 2 . SI 3 .3 8
3 .1 9 3 .0 6 2 .9 4 2 .SS
3 .0 6 2 .6 9 2 .6 9 2 .9 4
2 .9 4 2 .9 4 3 .1 9 2 .6 3
2 .7 5 2 .9 4 2 .6 3 3 .2 5
2 .8 8 2 .9 1 2 .8 9 2 .9 2A verage

* I t  w as found im possib le to  o b ta in  con sis ten t resu lts  using  h a n d  mixing 
fo r th e  reason  th a t  i t  is nev e r m ixed tw ice a like , th e  g lu ten  being unequally  
developed. T h e  m ach ine, N o. 7223, o f 10 to  12 lbs. c a p ac ity , w as m ade by 
T h e  J . H . D ay  C o ., C in c in n a ti, O hio.
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T a b l e  II
Kind of F a t U n h y d k o o e n a t e d  O i l  H y d r o g e n a t e d  O i l
D ate of bak in g  D ec. 31 D ec. 31 D ec. 10 D ec. 12 D ec. 13 D ec. 17
D ate of te s t J a n . 2 J a n . 2  D ec. 13 D ec. Jl4 D ec. 16 D ec. 19
Tem p, of dough , tfF . 70 70 68 80 81 80
Tem p, c f  room , ®F. 76 72 SO 80 7S /6
Tem p, c f  oven, QF . 465 465 465 465 465 465
H um idity , p e r  ce n t 35 48  38 45 55 59

B reak ing  s tre n g th , Lbs.
(14 te sts) (14 te sts) (14 tests) (18 te sts) (1 8 to s ts )  (17 te s ts)  

Ilit'h  3 .8 8  3 .9 4  4 .1 3  3 .7 5  3 .7 5  3 .6 9
Low 3 .5 0  3 .1 3  3 .1 3  2 .9 4  2 .8 8  2 .8 8
Average 3 .71  3 .6 4  3 .7 2  3 .2 6  3 .2 1  3 .2 8

It is obvious that there arc no great differences in the 
individual cakes. The general averages check very closely. 
An accuracy of 1 to 2 per cent is readily attainable.

After the conditions have been standardized it is not 
necessary to use more than thirty  cakes fo r each test.

Similar series with other oils, unhydrogenated and 
hydrogenated, seem to show that hydrogenation results in 
greater shortening power. Measurements have been made 
of the shortening power of the following oils and f a ts :

C l a s s i f i c a t i o n  oi F l o c k s  ,

B y holding all other ingredients constant and varying 
the flour used it is possible to arrive at a satisfactory 
classification of flours/

A few results on flour are shown:
C l a s s i f i c a t i o n  o f  F l o u r B h e a k i x g  S t r e n g t h  

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

L ard
L a rd  com pound  
B u tte r
C o ttonseed  oil
C o tto n se ed  oil, h y d rogena ted  
C oconut oil
C oconut oil, hydrogenated

Corozo (cohune n u t)  oil 
C o rn  oil 
O livo oil 
P e a n u t oil
P e a n u t oil, hyd ro g en a ted  
R apesecd  oil 
Soy-bean  oil

In  all the comparative breaking tests made on vaiious 
oils and fats, lard is the best shortening agent; hence it 
is used as the standard. I ts  breaking strength will vary 
according to the conditions of standardization, and each 
operator must determine the value to be used as a standard.

The shortometer value in pounds is arb itrarily  taken as 
100 per cent. All other oils and fats having less shortening 
power will have a great.er shortometer value. This weight 
in pounds of the standard divided by the weight in pounds 
of any other oil or fa t will give its relative shortening 
value.

Experiments determining the crushing strength are not 
included in this article, but the san e  relationship holds.

Soft w inter 
S o ft w in te r 
Soft w in te r 
Soft w inter 
M edium  w in te r 
M edium  w in te r 
M edium  w in te r 
S tro n g  w in te r 3.01
S trong  w in te r 3.04
S trong  w in te r ’ 3.07
Spring  3.39
Spring  3.39
Spring  . 3.09

Definition  op Shoktkninu
That cake which requires the least load to measure its 

breaking strength is the shortest, that which requires the 
heaviest load is the least short.

The best shortening is that material which when baked 
in a dough gives to the product a minimum breaking 
strength and a minimum crushing strength.

Summary

1—A pparatus has been devised which will measure the 
shortening value of different o ik  and fats and mixtures of 
them.

2—Shortening has been defined in terms of measurable, 
units.

3—Lard has been found to be the best shortening agent.
4— Partial hydrogenation of an oil increases its shorten

ing power.
5— A method has been suggested whereby flours may be 

classified.
* F u r th e r  w ork is being  done a long  th is  line.

A Process for Producing Palatable Sirup From Sugar Beets1
By Sidney F. Sherwood

O f f i c e  o f  S c g a r - P l a n t  I n v e s t i g a t i o n s , B u r e a u  o f  P l a n t  I n d u s t r y , D e p a r t m e n t  o f  A g r i c u l t u r e , W a s h i n g t o n , D .  C.

The Sugar Beet (October 1906) refers to the \e r \  objec
tionable flavor and odor of sirup prepared from sugar 
beets and states that during the preceding fifty years 
numerous experiments had been made to eliminate this, but 
that all of the processes suggested were worthless. The 
same journal (January  1908) contains a brief note stating 
that “excellent” sirup is made from  beets in Belgium and 
Germany by cooking the beets in water fo r several hours, 
pressing out the juice and evaporating directly to sirup 
of about 75 per cent solids; the statement is made also 
that about 70 g. of sulfuric acid are added to the extract 
from 100 k. of beets.

In  1917, C. O. Townsend and II. C. G ore ' described a 
process, the essentials of which consisted in reducing the 
beet roots to thin slices, extracting the sugar by means of 
hot water, drawing off the sugar solution from  the beet 
chips, and subjecting it to slow and long continued boiling 
and constant removal of scums during the process of evap
oration. Acceptable sirup could be produced by the 
process recommended, but in a great many cases the odor 
¡uni flavor was highly objectionable, while the sirup was 
always very dark in color. In  January  1919, the writer 
suggested improvements in the process, the use of which

'R e c e iv e d  J u n e  6 , 1 0 2 1 .
" “ S u g a r  B e e t  S i r u p ,”  U . S . D e p a r tm e n t  o f  A g r ic u l tu r e ,  F a n n e r s ’ 

B u lle t in ,  S 23  (1!> 17).

resulted in marked improvement in the quality of the sirup 
produced. These suggestions were attached in printed 
form to copies of the bulletin sent out thereafter, and 
included thorough ripeness of the beet, removal o f the top 
and upper green colored portions, removal of the skin, 
perm itting the slices to fall directly into water of sufficient 
depth to prevent access of air and consequent oxidation 
and darkening of the slices, and direct evaporation to sirup.

John M. Ort and James R. W ithrow, who investigated 
the preparation of beet sirup, were unacquainted with the 
fact that this improved process had been offered a t the 
time they presented the results of their investigations before 
the Division of Industrial and Engineering Chemistry at 
the 57th Meeting of the American Chemical Society, 
Buffalo, X. Y., A pril 7 to 11, 1919, but refer to it in their 
published article,1 and sta te  th a t the precautions used are 
similar to those used by them and that the results obtained 
should be better than in the ease of the original method. 
They tried many chemical and mechanical processes fo; 
clarification and removal of objectionable odor and flavoi 
and state that none of them resulted in marked improve
ment in flavor. Identical results have been obtained by the 
writer in using many similar processes, and it is concluded 
that it is not advisable to suggest chemical processes at 
all fo r use where the sirup is to be produced upon a small

X T h i s  J o u b x a i ., 12  (1 9 2 0 ) ,  154 .
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scale, and that any mechanical processes suggested should 
be of the simplest sort. O rt and W ithrow conclude that 
various published processes for making palatable sugar 
beet sirup do not consistently fulfil all claims made for 
them, that the sirup should not be evaporated in copper 
kettles, that, in the case of immature beets, the flavor will 
be improved by preliminary storage, etc.

I m pr o v e d  P r o c e ss

The frequently occurring unpleasant and objectionable 
odor and flavor of beet sirup made by the original process 
is quite similar to tha t of beet molasses, though, of course, 
very much less pronounced. While the use of the modifica
tions noted above resulted in marked improvement in the 
characteristics of the sirup, the objectionable odor and 
flavor was not always entirely absent and the work has been 
continued at intervals. Noting that beet molasses is a 
product resulting from  the evaporation of juices and sirup 
under reduced pressure, it was considered that the char
acteristics of the sirup might be improved by some process 
of heating under pressure, and many experiments were 
made relative to processes of blowing air, steam, and super
heated steam through juice, semi-sirup, and finished sirup ; 
heating juice, semi-sirup, and finished sirup under pressure 
and at temperatures greater than the normal boiling point 
of finished sirup (105.5° to 106.5° C.), etc. As a result, the 
following process, for which a governm ent pa ten t1 has been 
issued and the use of which is free to any citizen of the 
United States, was developed early in 1020, and Is suggested 
as one affording the production of a satisfactory sirup 
from sugar beets: The beets are washed and the tops, upper 
green portions, and skin or peel removed. The beets are 
sliced, perm itting the slices to fall directly into warm water 
of sufficient depth (an excess is avoided) to prevent access 
of a ir  to the slices, heated to about 80° C. fo r about an 
hour, and the extract drained oil’ and strained to remove 
fine particles, etc. This extract, or a similar extract p re
pared in any other manner, is placed in an autoclave—or 
other container which may he sealed—provided with a 
controlled outlet fo r blowing off steam and ordinarily with 
a pressure gage and thermometer, heated to 108° to 110° C. 
—corresponding to a pressure of approxim ately 21 lbs. to 
the sq. in.—and maintained at this tem perature for 1 hr., 
blowing off a considerable quantity of steam at approx
imately 15-min. intervals. The extract is strained to re
move the slight quantity of coagulated material and evap
orated directly to sirup, removing the very slight amount 
of scum that forms.

Ordinarily this treatm ent serves to remove the objec
tionable odor and flavor, though the temperature, length 
of time of heating, and intervals fo r blowing off steam are 
not necessarily confined to the ones mentioned, but may 
bo varied. Thus, in a number of instances, successful 

, results have been obtained by heating to 110° to 112° C. for 
0.5 hr. with constant blowing off of steam, the sirup in 
every instance being of a lighter color than those from a 
heatiug period of 1 hr. S irups from  a  second extraction 
of the slices were quite acceptable, though they possessed 
a somewhat stronger flavor and their appearance was 
somewhat inferior.

Numerous lots o f sirup have been prepared by the 
process from  beets grown in southern Michigan and in each 
case the characteristics were satisfactory in that they were 
of an amber color, the unpleasant odor and flavor were 
absent, and the cloudiness was no greater than in average 
cane or sorghum sirup. (In  several cases the sirup was 
perfectly clear.) Sirups such as cane, sorghum, maple,

1 17. S. P a t e n t  1 ,3 7 0 ,3 7 2  ( M a rc h  1, 1 9 2 1 ) ,  S id n e y  F .  S h e rw o o d .

etc., possess characteristic flavors, and the after-taste of 
any one of them may be disagreeable to a  person who is 
accustomed to any other one. Beet sirup possesses a flavor 
quite distinct from  any other sirup, the first taste being 
agreeable and very sweet, while the after-taste is faintly 
similar to that of hoarhound, and expressions of opinion 
from numerous persons indicate that, as in. the case with 
other sim ps, it is agreeable to some persons and not agree
able to others.

Y ie l d  a n d  C o m p o s it io n  o f  S ir u p

The yield of sirup varies, depending upon the sugar 
content of the beets. In  the experimental work, the yield 
from  100 lbs. of beets averaged slightly over 2 qts. for a 
single extraction, and 1 qt. fo r a second, or a total of 
slightly over 3 qts. The beets were sliced with a large 
knife, and a somewdiat larger yield would undoubtedly 
have been obtained with a slicing machine affording thinner 
slices. The debris (top, peelings, etc.) amounted to 40 to 
50 per cent of the w-eight of beets. This material, and also 
the extracted slices, affords a valuable food fo r cattle, 
chickens, etc. The evaporation was continued until the 
boiling point reached 105.5° to 106.5° C., the thermometer 
not being permitted to touch the bottom of the evaporating 
vessel. The following is the composition of a number of 
s iru p s :

C o m p o s it io n  o f  B e e t  S i r . c r
R e d u c in g A sh  D i r e c t

S u c ro s e S u g a r s (N o t a s T o ta l  S o lid s
C lc rc e t (A s  i n v e r t C a r b o n a te  o r (K cl’rn c - U n d e 

S a m p le  11C1 C old S u g a r ) S u l f a t e ) to m e te r ) te rm in e d
N o. P e r  c e n t P e r  c e n t P e r  c e n t P e r  c e n t P e r  cent

1 0 1 .5 3 3 .4 3 1 .39 09 .0 2 3.57
2 01 .0 7 3 .3 2 1 .5 4 CS.87 2.94
3 0 2 .3S 2 .43 1 .20 OS.37 2.3G
4 6 3 .GS 3 .1 0 1 .1 3 7 0 .8 7 2 .Í10
5 63 .9 8 3.01 1 .52 71 .S 2 3.31
0 0 3 .0 0 2 .00 1 .50 70 .S 7 3.03
7 65 .2 8 2 .39 1 .33 7 1 .7 7 2.77
S 0 4 .6 0 1 .54 1 .25 09 .S 2 2.43

A v e ra g e  6 3 .2 0 2 .73 1 .37 7 0 .2 9 3.00

A p p l ic a t io n  to  H o m e  P r o d u c t io n  o f  S ir u p

The object of these investigations has been directed en
tirely to processes for the production of palatable sirup 
from  sugar beets on a small scale, as in the home, and the 
heating may be carried on in a very satisfactory manner 
in the ordinary pressure cookers used in a great number 
of homes. In  fact, one of these cookers was used frequently 
fo r preparing the experimental sirup. W ith beets at $7 
per ton, the cost o f 100 lbs. would amount to only 35 cents, 
and sirup could be produced at small cost if, as in the case 
in the home, the value of time and labor were not included. 
I t  is considered not improbable that a t some time beet sirup 
may be produced profitably on a factory scale— utilizing 
the by-products as cattle feeding material—especially in 
certain sections of the West, admirably suited for the pro
duction of beets but situated fa r  from a beet-sugar factory 
and in which the available agricultural land is insufficient 
to support such a factory, in  this connection It is worthy 
of note th a t the consumption of beet sirup in Germany in 
1916 to 1917 amounted to 20,000 tons (probably metric).1

D e c o l o r i z i n g

In  connection with the study of the process, experiments 
were made to ascertain the effect o f infusorial earth and 
decolorizing carbon. The treatment of hot semi-sirup con
taining 45 to 50 per cent solids with 3 p e r cent of its 
weight o f infusorial earth, filtration under pressure, and 
direct evaporation to sirup resulted in sirup of an im
proved degree of clearness as compared with untreated 
sirups. Treatment o f the filtrate with decolorizing carbon 
resulted in sirup of somewhat lighter color, but the differ-

1 B e r th o ld  B lo c k . "  B e e t  S i r u p ,”  T h r o u g h  J .  fa b r . su cre ., 61
( 1 9 2 0 ) ,  2S 2.
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ences between these sirups and sirups from  treatment with 
infusorial earth alone were not great. Obviously such 
processes would not be practical fo r use in small-scale 
operations, though they would probably prove advantageous 
in the ease of factory production.

The w riter has not had an opportunity to. consult the 
book by Berthold Block on beet sirup m anufacture and use, 
but a review of it makes 110 mention of superheating p ro
cesses, though a brief reference1 to the m anufacture in 
Germany of sirup from  beets states that coarse pieces of 
beets are treated with steam a t 100° to 104° G. fo r 3 hrs., 
resulting in removal of bad odor and flavor and the develop
ment of a flavor of vanilla. Subsequent to working out the 
above process, the w riter became acquainted with a  patent 
issued to H. S. Alexander- covering a process for producing 
an “ edible ” sirup fromi sugar beets in which the beets are 
cooked before pulping for 0.75 to 1.5 lirs., preferably by 
steam under pressure and a t a tem perature of 110° to 130“ 
C., shredded, pressed, and the juice filtered and evaporated 
to sirup; and also one issued to P. K estner3 covering a

process fo r evaporating beet juice in an evaporator until 
sirup of the desired concentration has been produced and 
then heating under pressure fo r a very brief period to re
move objectionable odor and flavor. As an example, lie 
states tha t sirup tha t would boil a t 120° C. under atmos
pheric pressure is heated under pressure until the tempera
ture reaches 130° C., more or less, and the sirup is then 
cooled at once by releasing the pressure. H e states tha t it 
can be maintained a t this high tem perature for a few 
seconds only or the sirup will be caramelized (burned). 
The w riter's process is believed to l.e moro satisfactory than 
either of these, in that the introduction into the extract of 
semi-soluble and suspended m aterial from cooked and 
pulped beets is avoided and actual filtration is rendered 
unnecessary, while the danger of scorching is eliminated.

C o n c l u s i o n s

1— A simple and satisfactory process is described where
by the objectionable odor and flavor of beet sirup is 
eliminated and a palatable sirup produced.

2— The composition of several sim ps is given.

A Study on the Oil Bromide Test of Linseed Oil
By Thomas A. Davidson

31, E a stb o u rn e  G ardens, M onkseaton , N orth u m b erlan d , England

The valuation of linseed oil as a drying oil is still car
ried out by indirect methods. The iodine value te st esti
mates constituents of a 11 on drying nature, as well as those 
im parting drying properties to the oil. The hexabromide 
test applied to the oil, as described by Hehner and 
Mitchell,0 would seem to have fallen into desuetude, 
whereas renewed attention has from time to tim e been 
given to the te st as applied to the separated fa tty  acids. 
Lewkowitsch0 would appear to have set the fashion by 
stating th a t a f te r  “very extensive practice it is p refer
able to apply this te s t to the isolated fa tty  acids.”

The drying properties of linseed oil are due to the 
glycerides of linolenic acid, and not to linolenic acid itself.

The attention given to  the hexabromide te st upon the 
isolated fa tty  acids has no doubt been due to the assum p
tion th a t linolenic acid was present in linseed oil as the 
simple glyceride, trilinolenin, to which it bears a simple 
relationship. There is good reason for doubting th a t 
linolenic acid is present as a  simple glyceride, as the 
evidence which the author has to put forw ard suggests 
that it exists in linseed oil as a mixed glyceride. On this 
account, and until the composition of the linolenic glycer
ides has been placed beyond doubt, it is desirable th a t the 
test be applied to the oil direct, and not to the isolated 
fatty  acids. A fter considerable work on the insoluble 
bromoglycerides, the author is satisfied th a t the chief 
reason for com parative disuse of the hexabromide te st 
since Hehner and Mitchell’s paper appeared has been the 
difficulty of obtaining the bromo derivative as a  clean, 
free powder, when dried.

To differentiate between the two tests  it is proposed to 
use the term  “oil bromide” for the insoluble brominated 
glycerides, and “hexabromides” for the insoluble bromin
ated acid, hexabrom ostearic acid.

While it is desirable th a t the oil bromide te s t should, 
give the full theoretical yield of the linolenic glyceride 
derivative, such a resu lt—depending as it does on dif
ferential solubilities—appears so fa r  to be impracticable.

1 J .  f a b . su c re ., 61 (1920), 25.1.
-  B r it .  P a te n t  133,744 (O c to b e r 13, 1919>.
3 B r it .  P a te n t  135.235 (N o v em b er 27, 1919).
4 R eceived  J a n u a r y  11, 1921.
5 A N A L Y S T , 23 (1898 ), 310.
8 C hem ica l T echnoloE y o fO ils , F a t s  a n d  W a x e s , 1909, I , 384.

I t  is of g rea ter importance th a t the test, carried out 
under specified conditions, should be capable of giving 
consistent results in the hands of different workers and 
have only a small experim ental e rro r; and th a t the p re
cipitate be of reasonably constant composition. The te st 
proposed here should satisfy  these conditions, and has 
the advantage of a considerable saving of tim e over the 
hexabromide te st on the isolated fa tty  acids. I t  should 
not take much longer to carry  out than the determ ination 
of the iodine value, but its results should prove of con
siderably g rea ter value as an indication of drying power.

The oil bromide yields in th is te s t are higher than any 
in the literature, and undoubtedly the proposed method 
applied to the poorer drying oils, such as hempseed and 
poppy-seed oils, will give higher results than any so fa r 
recorded for them.

The investigation whose results are now being pre
sented was carried out in the intervals of routine work 
and other research w ork from  1907 to 1910, and is not 
as complete as the author wrould wish. Since th a t time, 
no opportunity of completing the investigation has offered 
itself, and the author considers it desirable, w ithout de
laying further, to place on record his results, which, 
giving an improved method of preparation, go fa r  enough 
to point out the road to complete success for any fu rthe r 
investigation.

P u r p o s e  o f  I n v e s t i g a t i o n

The purposes of the investigation where:
1— T o  find out w hat w as w rong w ith the test as described  by 

H e h n e r  and M itchell,1 and  the causes o f the large experim ental 
erro r.

2 — T o  ascertain  the m o£  convenient m ethod o f  separating  the oil 
b rom ides from  the reaction m ixture.

3— T o  discover a m eans o f  separating  the oil brom ides as a loose, 
d ry , g ranu la r pow der.

A— T o  determ ine the most re liab le  and  convenient m ethod fo r the 
estim ation o f brom ine in the oil brom ides.

5 — T o  gain some in form ation  as to their p roperties  and  com
position.

6 — T o  form ulate the most su itable w orking conditions to insure 
maxim um  yield  and  maxim um  purity .
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P R E L I M  I N A R Y  Ex P E R I M  E N T S
In prelim inary work on varnish linseed oils, Hehner and 

Mitchell’s method was used.
From  1 to 2 g. of oil were dissolved in 40 cc. of ether, 

and 5 cc. of glacial acetis acid were added. The m ixture 
was cooled in an ice bath to 0° C., and carefully brom- 
inated, using enough excess bromine to give a distinct 
reddish color. A fter 3 hrs. a t 0° C. the precipitate was 
separated, washed with th ree 10-cc. lots of ether, and 
dried to constant weight.

W hereas Hehner and Mitchell obtained yields of only 
about 24 per cent, with a single instance of 42 per cent, 
the yields obtained by the present w riter were generally 

• over 50 per cent. Great difficulty was experienced in 
separating the precipitate and washing it satisfactorily 
because of the volatility of the ether. F iltration  through 
a Gooch crucible with slight suction was first tried, but 
it was found tha t the oil crept to the top of the crucible; 
th a t the resulting washed product dried hard and horny, 
although the precipitate had been g ranular and th a t it 
was difficult to dry to constant weight. F iltration  through 
an inverted th istle  funnel covered with chamois leather 
offered no advantage. Following the experience of L. M. 
To!man,'1 a centrifuge was tried  fo r the separation and 
washing of the precipitate. The resulting m anipulation 
proved much simpler, and this method was finally adopted. 
The m ost suitable form  of apparatus proved to be as 
shown in the figure: a is a thin, round, fiat-bottomed glass 
tube 6 in. long by 1 in. in diameter, fitted with a  sound 
cork, b, through which passes a thin glass rod, c, which 
can be used fo r s tirring  the oil solution during bromina- 
tiofjj and fo r breaking up the precipitate for washing. 
The complete apparatus need not weigh more than  25 
to 30 g. Any type of centrifuge tak ing  these tubes 
may be used. In  the present experiments a geared-up, 
hand-driven model was used. To minimize breakage of 
tubes, a thin slice of cork is fitted at the bottom of each 
metal tube in the centrifuge, fo r the bottom of the glass 
tube to bear against. Glass tubes, corks, and rods should 
be carefully selected of practically equal weight, so that 
the weights in centrifuge tubes arc equally balanced.

A summary of the results o f these experiments is given 
in Tables I, I I ,  and I I I .  In  all cases the amount of oil 
stated in the tables was dissolved in 40 cc. ether, with or 
without acetic acid. I t was cooled before and during 
bromination, and was finally washed three times with 10 
cc. each of ether or the solvent used in test, unless other
wise stated. The use of acetic acid was recommended by 
H ehner and Mitchell as yielding a more granular precip i
tate.

CONCLUSIONS FHOM KXl'KHIM EXTS— (1) Acetic acid in tllO 
solvent results in a  reduced yield, as is indicated by a com
parison of Tests 1 to 4 with Tests 5 and 6 in Table I , and 
of Tests 0 to 12 with Test 14 in Table I I I .

(2) An increased ratio of oil to solvent gives an increased 
yield, as is seen by comparing Tests 2 and 3 in Table I I I  
with Tests 4 to 12 and 14, and with Tests 15 and 16 in the 
same table.

In  seeking for the causes of the large experimental error, 
the condition of the dried oil bromide was held partly  re
sponsible. I t  was observed that although the oil bromide 
was in a granular condition during precipitation and wash
ing, it was obtained as a horny mass, hard and tough, and 
of slightly softer consistency below the surface. This sug
gested that the 'o il bromide was'soluble in the ether, which 
on evaporation deposited the solute as a varnish film, 
cementing all the particles together.

T a b l e  I — O i l  B r o m i d e s  f r o m  L a  P l a t a  L i n s e e d  O i l

O il to  
•10 Cc.

No. of Oil G ram s P e r  ct.
1 233 1.006 33.35
2 233 1.022 41.68
3 233 1.02f> 39.47
4 233 1.031 3S,56
5 233 1.018 42.93
9 233 1.015 43.15

A v e ra g e ...... ..4 0 .8 6

Y ield 
O il B rom ides 

A verage 
P e r  et. 

39.77 )

43.0-ł \  
)

57.28

C on
ta in in g

B r.
P e r  c t. R em arks

56.24 f S o lven t e th e r  - f  7.5 per 
\  c e n t a e e tic  acid 

57.45 /  S o lv en t e th e r  +  7.5 per 
1 ce n t ac e tic  acid 

58.16 |  S o lven t e th e r  only

Rem arks

T a b l e I I — O i l  B r o m i d e s  f r o m  C a l c u t t a  L i n s e e d  O i l s

Oil to C on ta in in g
40 C c . Y ie ld  Oil B r .

R ef. N o. S olvent, B r o m id e s , F ound , A verage,
N o. of Oil G ram s P er  cen t P e r  ce n t P e r  cen t

1 176 1.976 49.12
2 1 /6 1.822 49.00
3 31 1.741 54.65
4 226 2.138 53.24 57.37
5 226 2.144 53.31 57.50 57.43
6 202 1.006 46.82
7 202 1.009 47.47
8 202 1.015 46.80 57.94
9 202 1.898 55.90 57.83 57.89

10 202 2.373 49.90
A v e ra g e .. . . 57.66

T a b l e  I I I . — O i l  B r o m i d e s

ilcf. O il to
N o. 40 Cc. B rom 
of S olvent ides

No. OU G m s. F ound
1 144 2,273 60.0

2 50 0.515 49.3
3 50 0.543 50.3.

4 50 0.992 61.7
5 50 1.000 61.7

6 50 1.012 50.3
7 50 1-010 49.5
p £>0 1-03S 50.9

f r o m  B a l t i c  L i n s e e d  O i l s  
C on-

Y ield ta in in g
O il B r.

A ver., A ver., F ound
P e r  P e r  A ver.,
c e n t ce n t P e r  cw t. R em arks

S vy. e th e r  40 cc. +  ace
t ic  ac id  3 cc.

49.S 57.50 W ash ings  1, acetic  acid
5 cc.

W ash ings  2, alcohol 5 
cc.

W ash ings  3, e th e r 5 cc. 
61,7 D o ., do.

9 50 0.999 51.8
10 50 1.001 52.7
11 50 1.007 51.1
12 50 1.021 54.6

13 50 1.245 59.6
14 50 1.003 56.9

15 50 2.00S 66.5
16 50 2.011 64.6

17 293 2.007 67.7
IS 293 2.009 67.3

19 293 2.012 72.3
20 293 2.015 72.3

21 297 2.025 72.4
22 297 2.011 72.4

23 297 2,023 73.7
24 297 1.995 73.4

A v erag e ......... . 60.9

50.2

52.5
58.69 O ver 
58.50 58.55

58.60

65.6

67.5 

72.3

72.2

73.6

S y t. e th e r  (0.717) +  
7 .5%  ac e tic  acid 40 
cc.

W a s h in g  1, solvent 
W ash ings 2, e ther 

(0 .71 /)
W ash ings  3, e ther 
S v t. e th e r  (0.725) -f 
7.5%  ac e tic  ac id  40 cc 
W ash ings 1, so lvent 
W ashings 2, e th er 
(0.726)
W ash ings  3, e ther 
(0.725)
S v t. e th e r  -f- 7.5 acetic 

ac id  40 cc.
E th e r  alone 

S v t. e th e r
W ash ings, 3  X 15 cc. 

e th e r
S v t. e th e r  (0.725) +  

0 .2 %  ncctic  acid 
W ashings, 3  X  10 cc_ 

e th e r  (0.725)
S v t. e th e r  (0.717) +  

0 .2%  ce tic  acid 
W ash ings, 3 X  10 cc.

e th e r  (0.717)
S v t. e th e r  (0.725) +  
0.2%  ac e tic  ac id  
W ash ings, 3  X 10 cc.

e th e r  (0.725)
S v t. e th e r  (0.717) *r 

0 .2 %  ace tic  acid 
W ash ings, 3  X  10 cc. 

58.30 e th e r  (0.717)

S o l u b i l i t y  T e s t s

Saturated solutions were made by warming together 2 
g. o f an average sample of crude oil bromides with 50 cc. 
o f solvent, keeping the corked flasks immersed in a batli 
o f water a t 60° F . fo r 1 day, and filtering through paper. 
Twenty cc. of filtrate were evaporated in small aluminium 
basins to constant weight. The following results were 
obtained:

W t . R e s i d u e
S o l v e n t  C r a m s

E th e r  ($$, g r. C.717 a t  15 .5 °C .)............................ . .  3.133
E th e r  (sp. gr. 0.725 a t  15.5°C .)1. . ................................. 0.134
in d u s tr ia l alcohol (sp. gr. 0.S20 a t  13.5°C.*.............. 0.002
E th e r  (0.717) +  alcohol (9 0 :1 0 )...............................  0.143
E th e r  (0.725) +  alcohol (90 :10). .  .......................  0 .1 1 /

* C om m ercial p ro d u c t, co n ta in in g  som e alcohol. 
a C ra in  alcohol, 90 p e r  cen t; w ocd n a p h th a , 1C p a r  cen t.

C r a m s  
p e r  L i t e r  

6.8 
6.7 
0.10 
7.15 
5.S5
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The insolubles left on the filter paper from  the ether had 
set to liorny m asses; those from ether and alcohol mixtures 
were not quite so lm rd ; while those from alcohol alone were 
quite a  free powder. This latter fact, coupled with the low 
solubility of the oil bromides in alcohol (1 p a rt in 10,000), 
at once suggested the use of alcohol as a  final wash liquor 
to remove the ether from  the washed oil bromide. A 
marked improvement was the result. The bromide was 
obtained as a nice, free powder, and it was felt that the 
experimental error due to differences in drying had been 
overcome. ’

E s t i m a t i o n  o p  B r o m i n e

Before the bromine in the oil bromides can be estimated 
it is necessary to convert it into a soluble form  which will 
react with silver n itrate to form the insoluble silver bromide, 
after which its treatm ent may be either gravimetric or 
volumetric. The following methods were tr ie d :

(1) i g n i t i o n  w i t h  l i m e —The oil bromide was intimately 
mixed with lime in a platinum  crucible and covered with 
a good layer of lime. This was heated gently at first, then 
more strongly. A fter cooling, the mass was dissolved in 
a slight excess of nitric acid, and filtered. In  gravimetric 
determinations, the silver bromide precipitate should be 
allowed to stand in the dark overnight; otherwise results 
tend to be high. I f  filtered off soon afte r precipitation, the 
silver bromide retains traces of calcium salts.

(2) IG N IT IO N  W IT H  L IM E  AND CARBONATE OF SODA The
comment on Method 1 applies also to this case.

(3) IG N IT IO N  W IT H  L IM E  AND SODIUM PEBOXIDE. according 
to P arr.1 The reaction in th is case was too vigorous, and 
there was risk of loss.

( 4 )  SA PO N IFICA TIO N  W IT H  ALCOHOLIC PO TA SH — T l l lS  C O llld

be made a  satisfactory method if  saponification were com
plete and definite, but as shown under the heading “ saponi
fication ” this is questionable.

(5) s a p o n i f i c a t i o n  w i t h  s o d i u m  e t h o x i d e ,  prepared i n  

sity.-,3,'1 This was the most reliable and rapid method of 
all. Careful attention must be given to maintaining con
stant the ratio  of oil bromide to alcohol and to sodium. The 
ratio employed in the present work w as:

W  = g ra m s  oil b rom ide (0.2 to  0 .3  g.)
68 W  ==Cc. a lcohol (n o t u n d e r  98  p e r  cent)
8.5 W  <= g ram s fresh  m eta llic  sodium

This m ixture was heated under a reflex condenser, and 
over a  very tiny flame for 1 hr. Treated in this manner, 
the reaction product was very thick when cold. There was 
no spitting. The product was practically colorless, and on 
addition of dilute n itric  acid a very peculiar, hardly pleas
ant odor was noticeable. There was only a very small sep
aration of solid fa tty  bodies. Volhard’s method3 was used 
for the volumetric estimation. A known excess of 0.12V 
silver n itrate was* added, and the excess was titrated  back 
with 0.3iV ammonium thiocvanate in the presence of a  ferric 
salt. An accuracy of 0.1 per cent was possible.

c o m p a r a t i v e  t e s t s  o f  m e t h o d s — A comparison of 
Methods 1, 4, and 5 was made upon a sample of crude oil 
bromides prepared from a Baltic linseed oil. I ts  melting 
point was low, about 116° C.

Per cent
Determination Bromtne

M ethod  1 .................................................................... G rav im etric  55.69
V olum etric  55.92

M ethod  4 ....................................................................  G rav im etric  56.25
V olum etric  56.00

M ethod  5 ....................................................................  V o lum etric  5 i .02

1 J .  A m . Chcm. Soc., 30 (190S), i 6S; C. A ., 2 (190S), 1S02.
2 S tcphanow , Bcr., 39 (1906), 4056.
3 ItosancfT a n d  H ill, J .  A m . Chcm. Soc., 29 (19 0 /) , 269.
4 B acon, J .  A m . Chcm. Soc., 31 (1909), 49.

5 T readw ell an d  H all. “A naly tica l C hem istry ,”  1909, I I ,  545

A fter considerable experiment, the last-named method 
was considered the most reliable, giving total conversion of 
bromine into a  soluble- form  without any possible loss dur
ing conversion. Consistently higher results were always 
obtained with Method 5 than with Method 1, and it was 
questioned whether Method 1 gave absolutely accurate re
sults. I t  is of interest to compare the bromine content a* 
found by Hehner and Mitchell. Their results varied from  
55.55 to 56.38 per cent, an average of 56.12 per cent. The 
present w riter’s results by the lime method generally ran  
from  56.2 to 57.5 per cent, whereas by the Stepanow-Bacon 
method they were generally over 57.5 p e r cent. The varia
tions cannot be entirely due to variations in composition. 
Most of the figures fo r  bromine content in Tables I , I I ,  and 
I I I  were determined by the lime method, and the results 
are not considered so accurate as those in Tables V I and 
V II, which were determined by the Stepanow-Bacon 
method. In  a private communication Mr. C. A. Mitchell 
informs the author tha t the method of ignition with lime 
in a combustion tube was used in their determinations of 
bromine. As tending to confirm the unreliability o f the 
lime ignition method, reference may again be made to 
Hehner and Mitchell’s paper. Purified samples of hexa- 
bromostearic acid of melting point 180° to 181° C. were 
found to contain 61.38 to 61.80 p er cent bromine (theory
63.31 per cent B r). Again, a several times recrystallized 
sample of tetrabromostearic acid of melting point 113.4° C. 
was found to contain only 51.97 per cent bromine (theory
53.32 per cent). These differences from  theory equal 2.7 
and 2.4 per cent, respectively.

A c t io n  o p  A l c o h o l ic  P o t a s h

Alcoholic potash acts not only by saponifying the 
glyceride, but by abstracting the bromine from  the molecule, 
forming potassium bromide. The following experiments 
were originally undertaken in the hope that the saponifica
tion value would serve as a substitute fo r the bromine de
termination, as a check on the composition of the oil 
bromides. Half-norm al alcoholic potash was first tried. The 
salts produced being insoluble in alcohol, the reaction mix
ture was very liable to sp it up during heating. Long
necked Kjehdahl flasks were used, tilted, and connected to 
upright condensers by means of bent adapter tubes, so that 
any salts spitting up would remain within the flask. S p it
ting was so bad that it was found advisable to add a few 
cubic centimeters of w ater to dissolve the salts. Normal 
alcoholic potash made up in 90 per cent alcohol was next 
tried. This gave higher saponification values, but, as can 
be seen from Table IV , the figures were indefinite. The 
maximum value. 4S2.7, was reduced on fu rthe r heating 
to 469.0. Blank tests were run alongside the regular tests 
for the same times.

T a b l e  IV— S a p o n i f i c a t i o n  V a i c e s  o f  On. B r o m i d e s

T im e of S aponification V alue T im e of Sapon ification  V alue
H ea tin g  0.5 JV 1.0 N  H ea tin g  0 .5  A' 1 0  N
H ours A lf .l iO II  A Ic.K O H  H ours Alc.KOFT A lc.K O H

0 .5 ...................  411.6   2 .5 ______________   .<82 i
1   416.2 464 .3 ' 3 . . . .    4 ,0  7
2  ..............................  471.5 4     469.0

The figures given in Table IV  are the average of a largo 
number of tests. In  Table V will bo found the saponifica
tion values of each of the possible unsaturated glycerides 
up to linolenin. The values are calculated on the assump
tion that fo r saponification with complete removal of 
bromine, the number of molecules of potassium hydroxide 
required equals the number of atoms of bromine in the 
molecule of oil bromide plus 3 (for saponification).

A c t io n  o p  S o d iu m  E t h o x id e  P r e p a r e d  in
Sodium ethoxide, prepared in  situ, removes the bromine
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N a m e

T a b l e  V — P o s s i b l e  B u o m i x a t e d  G l v r e b i d e s  o p  t h e  U n s a t c b a t e d  A c i d s  P b e s e n t  m  L i n s e e d  O i l

FORMULA

D ilm olenin-linolin  b ro m id e ................................................................ (C i7H ;iB rsC 0 0 ) 2̂
(C uIliiB r.C O O ) j>C!H5.

D ilinolenin-o lein  b ro m id e ..................................................................(C nH siB rflC O O )*^
(C «H „B fC O O ) /

L ino lenm -d ilino lin  b ro m id e .............................................................. (C i7l l 5?BrcCOO) \
(C nH jiB r.C O O Js:

CjH s.

C jH i.

L inolenin-linolin-o lein  b rom ide.
( C u I l2»BrtCOO) \

........................................ (C irlia iB n C O O ) — ■ C all* ..cCnllaiBriCOO) /
T rilin o l in  b ro m id e  o r  t e t r a b r o m o s te a r in .............................(C 1-yH3 1B r4C O O ) 3 CaH*.

L inolenin-d io lein  b r o m id e . .............................................................. (C nIl:*B rcC O O ) \  p , « .
(C17H33I)r.jCOOj2̂ ,H5'

Dilinolin-olein bromide.................................................. (CiTHnBr.COO)-’̂ ,',(C1TH33Br2C00)2 / O,Ms-
Linolin-diolein bromide................................................. (CiiHuBnCOO) \  Calls.(C1TH33Br2C00)2^ * ,
Triolein bromido or dibromostearin............................... (Ci;HiiBriCOO) j C1H5..

easily and completely. Oil bromides treated by the Stepa- 
now-Bacon method formed a thick reaction product, and 
there was no loss o f m aterial by spitting. When acidified,
it was observed that the fa tty  bodies which separated were
solid, not liquid. I t  is presumed th a t the nascent hydrogen 
not only removed bromine, but reduced the unsaturated 
acids to stearic acid. No experiments were carried out to 
verify this, though only an iodine value determination of 
the separated fa tty  acids would be required. I t  is probable 
th a t the following reactions take place at the same time:
<C,JIMBri.COO)2 = CsIT6+32 II = (C „ lI35.COO)3C3H5+:ieHBr 
(CnlliiilJr* COO)— Stearin (1)

Dilmolenin-linolin Bromide
EtONa+I1 Ur = N aB r+E tO lI (2)

(C„H3iCOO)3. C ,II5+ 3  EtOXa = 3 C1;1I53.C 00 N a+ C 3H S 
(OEt)j (3)

Stearin Sodium Stearate Tricthylin

M elting P o i n t  o f  O i l  B r o m id e s  

A number of determinations showed that the melting 
point was not sharp, which indicated that the oil bromide 
was not a pure substance. I t  softened a t 130°C., liquefied 
about 140° to 145°C., and darkened a t higher temperatures.
A sample recrystallized from carbon tetrachloride melted 
a t 151° ( c o r r .)H e h n e r  and Mitchell give the melting point 
of their oil bromides as 143.5° to 144° C.

P ro p e rtie s  o f t h e  Crude O il Bromide 
Crude oil bromide is an amorphous solid of fain tly  yellow 

color, odorless, stable a t moderate temperatures, melts at 
140° to 145° C., hardening to a waxy solid on cooling, and 
decomposes on stronger heating. I t  contains approximately 
5 7  to 58 per cent bromine, and, when moist, decomposes 
readily in contact with iron (e. g., a  spatula) with libera
tion of bromine. I t  is moderately soluble in chloroform, 
carbon tetrachloride, acetone, and acctic acid, slightly solu
ble in benzene, petroleum ether, and ether, and practically 
insoluble in alcohol. I t  is saponified by sodium etlioxide 
with removal of bromine, and is also saponified by alcoholic 
potash with removal of bromine, but much less easily. The 
oil bromide is not a pure substance, but appears to be of 
fairly  uniform  composition, depending upon the conditions 
of preparation.
P urification of Crude Oil B romides, Containing 57.10 

Per cent Bromine

Several attem pts were made to purify  the oil bromide by 
crystallization. In  all the solvents tried, there seemed to 
be only a slight difference in solubility between the higher 
bromide and its accompanying lower bromide.

ether—The ether-soluble portion had a melting point 
below 100° C. and contained 55.36 per cent bromine.

M ol. S ap. -------P er c en ta g e COM! OSITION----- »
W t. V alue C H O B r
2312 5 0 9 .5 2 9 .5 8 3 .9 8 4 .1 5 6 2 .2 8

2154 4 9 4 .9 3 1 .7 6 4 .3 3 4 .4 6 5 9 .4

1996 4 7 7 .8 34 .2 7 4 .8 1 4 .8 1 56 .1 1

1996 477 . S 34.27 4 .  S I 4 .81 56 .11

1S38 457 . S 37 .21 5 .3 3 5 .2 3 5 2 .2 3

1S38 4 57 . S 37 .21 5 .3 3 5 .2 3 52 .23

1680 43 4 .1 4 0 .7 2 5 .9 5 5 .7 1 47 .62

1680 43 4 .1 4 0 .7 2 5 .9 5 5 .71 4 7 .6 2

1522 4 0 5 .5 4 4 .9 4 6 .7 0 6 .3 1 4 2 .0 5

1364 37 0 .2 5 0 .1 5 7 .6 2 7 .0 4 35 .1 9

c a r b o n  t e t r a c h l o r i d e —A saturated solution of crude oil 
bromides in hot carbon tetrachloride was filtered hot and 
allowed to crystallize. The separated precipitate was 
whirled and washed several times with a mixture of ether 
and alcohol (2 :1 ), and finally washed with alcohol alone 
and dried. The crystallized product was almost pure white 
in color, melting point 151°C., and contained 59.24 per cent 
bromine. The substance separated from  the mother liquor 
was waxy and tough, but not hard. I t  contained 55.02 per 
cent bromine.

a c e t o n e —Five grams of crude oil bromide were lieated 
with 250 cc. of acetone and filtered. A portion (0.36 g.) 
which remained undissolved was washed with alcohol and 
dried. I t  tested 58.09 per cent bromine. The filtrate was 
slowly cooled by immersing the llask containing it in a bulk 
of water at 99°C., which was allowed to cool gradually. The 
crystalline precipitate was washed in succession with ace
tone and alcohol and dried. The yield was 1.63 g., and the 
bromine content was 58.04 per cent. (These recrystalliza
tion experiments were interrupted and unfortunately were 
never completed.)

Various solvents were tried, and the bromine content of 
the first crop of crystals was estimated, as summarized in 
the following resu lts:

P e r  ce n t B r.
C a rb o n  te trach lo r id e ................. 59.24
B enzene a n d  a lcohol (1 :1 ). . .58.43 
A ce to n e ........................................... 58.04

f~ P e r  ce n t B r.
B en rcne  a n d  e th e r  (1 :1 )........ 58.17
B en zen e ........................................57.74
A cetic  a c id ...................................57.38

C o m p o s i t i o n  o f  O i l  B r o m i d e  

Table V  contains a list of the possible glycerides of the 
unsaturated acids up to linolenic acid, with their calculated 
percentage composition. I t  will be observed tha t the 
bromine content is likely to give quite as much information 
as the estimation of carbon and hydrogen.

H ehner and Mitchell suggested tentatively tha t the com
position was dilinolenin-olcin bromide, basing their conclu
sion upon an ultimate analysis, and an average of a number 
of bromine estimations, 56.12 per cent. They seem to have 
overlooked the fact that linolenin-dilinolin bromide has also 
exactly the same percentage composition and also contains 
56.11 per cent bromine.

Gemmell1 considers the composition to  be a varying mix
ture (according to conditions of preparation) of tetra- 
bromostearin and hexabromostearin.

Tetrabromostearin is very easily soluble in ether, so that 
it is unlikely to be precipitated from  an ether solution of 
oil. I t  ought also to be comparatively easy to separate the 
tetra- and hexabromostearins by the action of solvents. In 
the present recrystallization experim ents the maximum.

A na lys t, 39 (1014), 207 S; C. A., <1914), 3303-''
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bromine percentage obtained (on a sample recrystallized 
from carbon tetrachloride) was 59.24 per cent bromine. 
Both these figures arc a good way removed from  hexa- 
bromostearin (theory 62.28 per cent) and tetrabromostearin 
(theory 52.23 per cent).

In  the writer’s opinion it is unlikely that the composition 
is that of a mere mixture of hexabromostearin and te tra 
bromostearin. I t  seems more probable tha t the composition 
is mainly dilinolenin-linolin bromide (theory 59.42 per cent

(C „H * S ,.C O O )4  
> c 3h 5

(Ci;H SIBr(.COO) /  
bromine), admixed with some (unidentified) brominated 
glyceride of lower bromine content. I t  is not improbable 
that any mucilage in the raw oil is also carried down by 
the precipitated oil bromides. In  the crystallization experi
ments, the solutions were generally hazy and required 
filtration.

The glycerides from which the bromo derivatives in Table 
V are formed are practically unknown compounds. I t  would 
be very interesting to know the comparative drying value 
of all the glycerides containing linolenic acid. F u tu re  in
vestigation on these lines is very desirable.

* F u r t h e r  E x p e r i m e n t a l  W o r k

Profiting by the experience ju st recorded, a  fu rther series 
of tests were carried out on Baltic linseed oil, of iodine 
value 19S.5 (Wijs, 2 hrs., 23°C.), varying the ratio of oil 
to solvent, using 40 cc. of chilled ether (sp. gr. 0.717) as 
solvent, washing the precipitate twice with 10 cc. of ether, 
and once with 10 cc. of alcohol. The results are given in 
Table VI. Bromine was estimated by the Stepanow-Bacon 
method. I t  can be seen tha t as the ratio  of oil to solvent 
increases, the yield of oil bromide increases, and also that 
the bromine content remains fairly  constant. I f  a graph 
be made from  Table V II, of oil bromide yield and amount 
of oil taken, it will be found that the points do not form 
a smooth curve, wliieh fac t appears to indicate some differ
ences in the solubility factor.

The mean experimental errors in the oil bromide yields 
in Table VI are respectively (from 1 to 5 g.) 0.55, 5.10, 
1.22, 0.51, and 4.6G p a - cent. This variable error was con
sidered to be due to the heating up of the tubes by the hand 
when the precipitate was broken up with ether fo r washing, 
thereby increasing the solubility factor of the oil bromide 
in ether. F or this reason it is desirable to cool the tubes 
in the ice bath afte r breaking up the precipitate with the 
wash liquors.

There is ju s t a possibility tha t some substitution of 
bromine may have taken place with the greater concentra
tion (12.5 per cent) of the 5-g. tests. I t  is also possible 
that an additional ether wash would have given more agree
ment in the yields. The fact that the bromine content is so 
close to those of the other tests is compatible only with a 
greater amount o f lower bromides in the precipitate, p ro
vided a certain amount of substitution had taken place.

These considerations were borne in mind in fram ing the 
proposed method of preparation.

T a b l e  V I— E f f e c t  o f  O xi C o n c e n t r a t i o n '  o n  Y i e l d  o f  O i l  B r o m i d e s

C olor of 
Oil B rom ide 

N early  w hite

N early  w hite

N early  w hite 

N o arly  w hite 

Yellow

N om inal Oil /—Oil B rom ides—n /— C o n ta in in g  B r.—»
W t. Oil Used F o u n d  A verage, F o u n d A verage
G ram s G ram s P e r  ce n t T er cen t P e r  ce n t P e r  c e n t

1 0.006 63.25 63.6
1.005 63.86

57.802 2.000 65.30
2.002 63.99 65.1 58.03 57.9S
2.007 68.46 58.25
2.010 62.77 57.26

3 3.009 71.02 71.9

4
3.013
4.014

72.09
70.70 71.1 57.91 57.93

4.016 71.46 57.95
5 4.991 7S.0S 81.9 57.22 57.30

6.005 S5.71 57.37

E ffect op H eating Upon the  Constants op L inseed O i l  

I t  is considered of interest to include Table VII, which 
shows the effect of heat upon the oil bromide yield and other 
constants of the same No. 50 Baltic linseed oil. Sample 
L863 was cooked in an open copper pot (?. e., exposed to 
air) fo r 1 hr. a t 260”C. (Loss, 1.43 per cent.) Sample 
L903 was cooked in a closed glass flask in an atmosphere 
of hydrogen fo r 4 hrs. a t 260 “C. (Loss, 0.83 per cent.) 
Expt. L863 was selected from  a range of experiments be
cause in specific gravity and refractive index it so closely 
resembled L903. I t  will be noted from  the figures that the 
chemical reactions involved are markedly different, accord
ing as the heating takes place in the presence or absence 
of air.

T a b l e  V II— E f f e c t  o f  H e a t  U p o n  C o n s t a n t s  o f  B a l t ic  L i n s e e d  O i l

Vis-
_ _  , cosity
S p. G r. -—O il B rom ides—> I . V. R efrac - "R e d -

15.0° G . Y ield S apon i- W ija tiv e  w ood"
 C . Oil P er A cid iicu tion  2 H rs., In d ex  sec.,

O il 15.6“ U sed ce n t V alue Vntuo 23°C. 20.0°C . 21.1°C .
R aw  0.0373 2.00S C0.5 5.1 190.4 198.5 1.4822 200

2,011 64.0
1.003 50.9

LS63 0.9413 0.998 20.2 3.3
1.000 20.5
1.008 19.5
1.014 20.5

L903 0.9414 1.003 2.7 6.0
2.000 4.4
2.011 4.4

1 9 0 .5  1 8 7 .7  1.48-11 345

185.8 1S4.2 1.4842 , 428

S u g g e s t e d  M e t h o d  p o r  O i l  B r o m i d e  E s t i m a t i o n

The method finally proposed is as follows: For the sep
aration use centrifuge and corked tubes and rods, as de
scribed above. F o r solvent and washing use ether (sp. gr. 
0.717) which has been saturated at 0°C. with a  purified sam
ple of oil bromide (obtained from  prelim inary experi
ments). Measure ether and alcohol (sp. gr. 0.S20) at 
0° to 5°C.

Dissolve 4.00 g. of linseed or other oil in 35 cc. o f ether. 
Cool in an ice bath to 0°C. Add 1.0 cc. of bromine slowly 
from  a 10-cc. stoppered buret, divided into 0.1 cc. and with 
the orifice constructed so that bromine is delivered slowly 
when tap is turned fu ll on, W hile adding the bromine, s tir 
the reaction mixture so as to avoid local rise of temperature. 
W ash down the top of the tube with 5 cc. of ether. Cork 
and let stand a t 0° C. for 2 hrs. to insure complete bromina- 
tion. There should be an- excess of bromine present afte r 2 
hrs. W hirl the tubes in the centrifuge fo r 3 min. a t 2000 
r.p.m. Decant liquor from precipitate. W ash down the 
tube and rod with 10 cc. o f ether, break up precipitate with 
rod thoroughly, and cool in ice bath fo r a few minutes. 
W hirl as before fo r 3 mini a t 2000 r.p.m. Decant liquid. 
Repeat washing with 10 cc. o f ether as before. Cool, whirl, 
and decant. Give a final washing with 10 cc. alcohol, 
breaking up precipitate as before, cool, and whirl fo r 3 
min. at 1600 r.p.m. Decant as before, and dry first in  air, 
then in a hot-water oven fo r 0.5 hr.

p r e c a u t i o n s —The following precautions should be ob
served :

1—Keep all temperatures low.
2—Make all measurements carefully, especially of the ether 

and weigh the oil to within 1 per cent of quantity stated.
3—Use ether saturated at 0° C. with oil bromide.

. 4—After breaking up the precipitate in wash liquor, always 
cool in ice bath before whirling.

0—After the alcohol wash, do not whirl at a greater speed 
than 1600 r.p.m. If a higher speed be used, the precipitate will 
pack together and be difficult to dry properly.

6—Avoid the use of acetic acid.

S u m m a r y

1—The centrifuge was found to be the most satisfactory
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of separating oil bromides from the reaction mix- marized, and its composition is suggested to be mainly
ture, and the volattbillty of ether proved no drawback.

2—Alcohol (sp. gr. 0.S20) used as a final wash liquor 
removes ether, and yields oil bromides as a loose granular 
powder when dried.

3—The Stepanow-Bacon method was found to the most 
satisfactory and accurate of the methods tried for the esti
mation of bromine in oil bromides.

4—The properties of the crude oil bromide are sum-

dilinolenin-linolin bromide
<C„HMBr,.COOW

7(C17H3,Br.4COO) /
C.H«

5—A method is given, based on the results of this investi
gation, ' which should ensure a maximum yield of oil 
bromide of maximum purity, find with small experimental 
error.

The Precipitation of Solid Fatty  Acids with Lead Acetate in Alcoholic 
Solution1

By E. Twitchell
W t o m i n o ,  O h io

I f  a hot alcoholic solution of a mixture of fa tty  acids, 
such as is obtained from  an ordinary fa t or oil, is treated 
with an alcoholic lead acetate solution, also hot, there is no 
precipitation at first; but on cooling, the lead salts of the 
solid acids precipitate in a crystalline form, which can be 
filtered with great rapidity  and ease. This simple method 
o f direct precipitation of solid fa tty  acids, was long . ago 
employed by Jean  to separate a portion of the liquid acids 
and to obtain their iodine value in the examination of lard. 
I t  does not seem to be commonly used to separate and esti
mate the solid fa tty  acids. The present author, however, 
much prefers it to the well-known lead-salt-ether method, 
and has briefly referred to it in some previous publications.

S o l u b i l i t i e s  o f  L e a d  P a t .  h i t  a t e  a k i  M y r i s t a t e  

The following experiments were made to test the accuracy 
o f the results obtained by this method:

A solution of pure palmitic acid in hot 95 per cent 
alcohol was treated with an excess of lead acetate dissolved 
in hot alcohol. This precipitated on cooling and was al
lowed to cool further over night to a  tem perature of 16.5° C. 
I t  was then filtered and washed with 95 per cent alcohol. 
From  the precipitate 98.8 per cent of the palmitic acid wa*- 
recovered.

One hundred cc. of the filtrate, on decomposing with 
dilute nitric acid and collecting with ether, yielded 0.010 
g. of palmitic acid ; and 100 cc. of the washings, 0.004 g. of 
palmitic acid. This shows a sufficient insolubility of leaci 
palmitate, fo r analytical purposes, in the filtrate, which 
contains lead aeetate and acetic acid, and in the washings, 
which consist of 95 per cent alcohol.

The same experiment with pure myristic acid showed a 
solubility of lead m yristate at 12°C., corresponding to 
0.0175 g. o f myristic acid in 100 cc. of the filtrate, and of 
0.0110 g. in 100 cc. of the washings.

A slight im purity of the palm itic and myristic acid would 
have a considerable effect on the above results, so the solu
bility found in this way must be considered as a maximum.

The solubilities of lead laurate, eruceate, or iso-oleate have 
not been determined in this m anner; but in  most fats and 
oils palm itic aeid would be the solid acid form ing the most 
soluble lead salt, those of the higher saturated acids being 
less soluble.

E f f e c t  o f  L i q u i d  F a t t y  A c i d s  

As it seemed possible that the solubility of lead palm itate 
might be considerably increased by the presence in the solu
tion of the liquid acids found in most fa tty  acid mixtures, 
and as the author knew of .no way to prove directly the 
presence or absence of small quantities of solid fa tty  acids 
in the liquid acids of the filtrates, the following indirect 
method was used:

* R eceived Ju n e  22, 1921.

The fa tty  acids of cottonseed oil contain about 25 per 
cent of a  solid acid, which is almost pure palmitic acid. A 
hot alcoholic solution of the cottonseed oil fa tty  acids was 
precipitated as above with lead acetate insufficient to com
bine with all the palmitic acid. On cooling to 22°, filtering, 
and adding to the filtrate a  few drops of a dilute alcoholic 
solution of sulfuric aeid, a mere trace of lead was found, 
while the filtrate obtained afte r cooling the liquid to 16° 
contained no lead that could be detected with alcoholic 
sulfuric acid, showing that, with palmitic aeid in excess, 
lead palmitate is practically insoluble a t 16° in 95 per cent 
alcohol containing liquid fa tty  acids, palmitic acid, and a 
small amount of acetic acid; and it seems probable that, 
with lead acetate in excess, the lead palm itate would be 
equally insoluble.

The same experiment was perform ed with fa tty  acids 
containing iso-oleic acid. Sufficient lead aeetate was used 
to combine with all the stearic and, palmitic acids, but not 
enough to combine with all the iso-oleie aeid. A t 13° the 
filtrate contained the merest trace of lead, showing th a t lead 
iso-oleate is practically insoluble under these conditions.

Though the liquid fa tty  acids can be separated fairly 
free from  solid acids, it has hitherto been found impossible 
to obtain the solid acids free from  liquid acids, either by 
the method herein described or by the old lead-salt-ether 
method. Lewkowitsch' states tha t the iodine value of the 
solid fa tty  acids obtained by the la tte r method will, as a 
rule, be in the neighborhood of 10, provided there is no 
erucic acid, etc., present, and he quotes a table of Tortelli 
and Fortini, in which the solid acids of cottonseed oil are 
given as having an iodine value of 19! I f  our object were 
only to determine the amount of solid acids in a mixture, 
a rough correction might be made fo r this iodine value; 
but it is generally very desirable to obtain the solid acids 
in a pure state so that, fo r instance, their neutralization 
value (mean combining weight) can be exactly determined, 
also their melting points, etc., and finally so that if  they 
have an iodine value this shall indicate not an imperfect 
separation of liquid acids, but shall prove the presence of 
unsaturated solid fa tty  acids.

I t  has been found in using the method described in this 
paper tha t the solid acids separated from  the lead salt pre
cipitate will have an iodine value generally ranging from 
3 to 10 per cent, and no amount of washing of the pre
cipitate will lower this figure. Even ether, in which lead 
oleate, linolate, etc., are soluble, will wash practically 
nothing from the precipitate which has been exhausted with 
alcohol. Evidently there is formed a lead salt containing 
liquid fatty  aeid which is quite insoluble in alcohol contain
ing acetic acid and in ether.

I ,  532
‘ "C h em ica l T echno logy  an d  A nalysis o i Oils, F a ts  ?n d  W axes.”  n th  E.,<3
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This residue of liquid acids can, however, be removed 
from  the solid acids by dissolving the latter in alcohol and 
repreeipitating with lead acetate; or more simply by re
moving the washed first precipitate from the filter, dissolv
ing in boiling alcohol containing about 0.5 per cent of acetic 
acid and allowing this tfr cool, and precipitating again. 
Two precipitations in all are generally sufficient to reduce 
the iodine value of the solid fa tty  acids to 1 p er cent or 
under, a trifling figure.

A n a l y t i c a l  P r o c e s s  j x  D e t a i l

Weigh in a beaker as much of the fa tty  acid as is esti
mated to contain 1 to 1.5 g. of solid acids. In  the case of 
a  very liquid oil this amount will be about 10 g., while in 
the ease of tallow it will be only 2 or 3 g. Dissolve in 95 
per cent alcohol. Dissolve 1.5 g. of lead acetate in 95 per 
cent alcohol. The total alcohol for the two solutions should 
be about 100 cc. H eat both solutions to boiling and pour 
the lead acetate solution into the solution of fa tty  acid. 
Allow to cool slowly to room temperature, and then for 
several hours, preferably over night, to about 15°C. F ilter 
and test the filtrate fo r lead with a few drops of an alco
holic solution of sulfuric acid. I f  there is no precipitate, 
showing that lead is not in excess, the analysis must be 
repeated, using less fa tty  acid or more lead acetate. Wash 
the precipitate with 95 per cent alcohol until a sample of 
the washings diluted with water remains clear. Transfer 
and wash the precipitate from the filter back into the beaker, 
using about 100 cc. of 95 per cent alcohol. Add 0.5 g. of 
acetic acid and heat to boiling. The precipitate will slowly 
dissolve. Allow to cool to room tem perature and then to 
15°C. as before. F ilte r and wash with 95 per cent alcohol 
as before. T ransfer the precipitate by washing the filter 
paper with ether into the beaker. Add sufficient dilute 
nitric acid to decompose the lead salts. Pour and wash the 
whole mixture into a separatory funnel and shake. Wash 
with w ater until the washings are no longer acid to methyl 
orange. I f  a trace of nitric acid should remain with the 
ethereal solution it will act on the fa tty  acids in the sub
sequent drying. Transfer the ethereal solution to an evap
orating dish, evaporate, dry, and weigh.

I f  desired larger quantities of material than those given 
above can easily be handled.

R e s u l t s  O b t a i n e d  b y  M e t h o d

The figures of the following table are in accordance with 
the above directions. In  each ease two precipitations were 
made as described.

A lcohol W eigh t Iod ine
W eigh t for Solid V alue  of
F a t ty L ead E ach F a t ty P e r Solid
Acid A ceta te P recip Acids C e n t F a t ty

S a m p l e  O i l s  
w .

G ram s G ram s C c. G ram s A cids
-N O .
1. C o ttonseed 5 1 .5 100 1 .1565 2 3 .1 3 0 .7 2
2 . Sov-b?an 10 1 .5 100 1 .7010 17.01 0 .8 5
3. Olivo 10 1 100 1 .0935 10 .93 1 .7 5
4. P e a n u t 20 3 .5 300 3 .3 1 6 5 16 .58 0 .8 0
5. C o ttonseed 20 4 200 4.8ÖSO 2 4 .3 4 0 .5 6
6 . L a rd 3 1 .2 5 100 1 .2005 40 .0 2 0 .5 8
7. P a r tly  hydrogen-

a te d  co ttonseed  2 .5 1 .5 100 1 .2355 50 .6 2 42 .21
S. T allow 3 1 .5 100 1.60S5 53 .6 2 4 .3 8

The solid fa tty  acids of most o f the fats and oils in this 
table have iodine values below 1 per cent.

Sample 7 is a partly  hydrogenated cottonseed oil which 
would contain iso-oleic acid.1 The iodine value of its solid

100 X  42.21
fa tty  acids, 42.21, shows a laige amount, — ——-------- =  46.9> > ^ 90

> M oore. J. Soc. Chcm. In d .,  38, (1919), 323i

per cent of an unsaturated solid fa tty  acid (iso-oleie acid). 
To confirm this figure, the solid acids were redissolved in 
alcoho\ and reprecipitated with lead acetate aa before. The 
iodine value of the resulting  solid acids was 40.07, only 
slightly below the value found above.

Sample 8 is a sample of beef tallow, the solid fa tty  acids 
of which have the comparatively high iodine value of 4.38. 
On redissolving these solid fa tty  acids in alcohol and re
preeipitating, their iodine value was reduced only to 3.89. 
This would indicate the presence in tallow of a small amount 
of an unsaturated solid acid, of which, however, we have 
no other proof.

I f  in the above process insufficient lead acetate is used 
to precipitate all of the solid acids, the precipitation is frac
tional, and the solid saturated fa tty  acids of higher 
molecular weight come down first. In  this case liquid 
acids are not carried down with the solid and a second 
precipitation is not required. F or example:

Thirty g. o f peanut-oil fatty  acids, treated with 1 g. of 
lead acetate in 200 cc. of 95 per cent alcohol and cooled to 
12°, yielded 1.6935 g. of solid acids having a mean combin
ing weight of 317.

Thirty g. of olive-oil fa tty  acids, treated with 1 g. of 
lead acetate in 200 cc. of 95 per cent alcohol and cooled to 
11°, yielded 1.3770 g. of solid acids having a mean com
bining weight of 266 and an iodina value of 0.79.

ORGANIZATION OF CHEMICAL SALESMEN
A movement to organize a national association of 

chemical salesmen was s ta rted  a t a recent m eeting of 
sales representatives of every branch of the chemical 
industries held a t  the Chemists’ Club. I t  was fe lt th a t 
there is a broad field for service fo r an organization com
posed of members of the sales and advertising staffs, 
m anufacturer’s sales agents and executive sales officers 
of companies in every branch of the chemical industry. 
I t  was the unanimous opinion of those present th a t such 
an organization should concern itself with the broad com
mercial problems whose solution would react to the benefit 
of the entire industry, and th a t the questions of prices 
or sales policies of individual companies should not be 
included. An Organization Committee was appointed, to 
arrange for a general m eeting a t  the tim e of the E x
position. This committee was composed of the following: 
Fred E. Signer, chairman, Butterw orth-Judson Corpora
tion; William Haynes, secretary, D rug & Chemical 
M arkets; C. F. Abbott, National Aniline & Chemical Co.;

The Technical Committee on Standardization of P etro 
leum Specifications held a  m eeting a t the Bureau of Mines 
in Washington recently to consider a num ber of changes 
in the specifications used by the Government fo r the 
purchase of kerosene, gasoline, fuel and lubricating oils. 
Dr. N. A. C. Smith of the Bureau of Mines was chairm an 
of the meeting, and Dr. T. G. Delbridge of the American 
Society for Testing M aterials and the American Petroleum  
Institu te  represented the several engineering societies 
constituting the Advisory Board. I t  w as decided to give 
fu rth e r study to the new methods which have been ap 
proved by the American Society fo r Testing M aterials 
before deciding upon the ir adoption. The methods include 
the following tests: corrosion, flash, distillation, sulfur, 
cloud and pour, saponification in place of fa tty  oil, w ater 
and sediment, precipitation, viscosity, and m elting point.
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Determination of Metallic Aluminium and of Aluminium Oxide in 
Commercial M etal1'“

By Julian H. Capps 
B u r e a u  o f  M i n e s , P n r s B c n G n ,  P e n n s y l v a n i a

One of the most vexatious problems confronting the 
aluminium industries is the question of determining the 
oxygen content of aluminium. Considerable evidence is at 
hand to indicate that this im purity may be present in 
surprisingly large amounts and that it may exert profound 
influences on the properties of the metal. B ut no really 
dependable and trustw orthy method has been developed for 
its quantitative determination.

A number of methods are in use. Of these the method 
of Rhodin3 has been more widely accepted than any other. 
This is based on the assumption that 1 0  per cent caustic 
soda solution dissolves metallic aluminium quantitatively 
without attacking the oxide which is present. The labor
atories o f a metallurgical company have proposed a method 
employing iodine as a reagent for the same kind of a selec
tive attack, and another laboratory recommends 50: 50 
hydrochloric acid fo r the purpose. This last method may 
be modified by adding potassium chlorate.

These four methods were tried out on a  large sample of 
small millings from an ingot of secondary No. 1 2  alloy 
( 8  per cent copper). This metal was procured from melting 
down clean borings and was thought to contain a  rather 
high percentage of aluminium oxide. Five-gram samples 
were exposed fo r different, specified lengths of time to the 
action of the reagents.

The results of these determinations, expressed as per cent 
oxide in terms of A1.0, weighed, are shown in Table I. 
No agreement among methods is evident here. The length 
of time of exposure to the reagents appears to exert no 
definite influence.

T a b l e  I
R e a g e n t s ------------------T i m e  o r  A c t i o n

1 H r. 24 H rs, 7  D ay s
N aO H 1.9 2.21 2.2S
Iod ine 0.09 0.05 0.05
H C l 0.36 0.15 0.41

H C I+ K C IO * 0.05 2.15  (?) Im possib le
t o  f i l t e r

35 D ay s 
1.68 
0.06 
N one 
(no  p p t.)  
0.09

Kohn-Abrest1 saw the effect of tem perature on the degree 
of oxidation of aluminium powder and concluded that AlO 
was the final product.

I t  is possible, also, that elemental oxygen may be present, 
occluded or dissolved as such. The solubilities of gases in 
aluminium have not been determined. B ut fo r the purposes 
of this investigation, combined oxygen alone is considered. 
Because of the strong reducing power of aluminium, it is 
assumed that no oxide other than one of aluminium can be 
present.

A fter a long search fo r a new method of determining this 
oxide, the results of which will be published in detail in a 
la ter paper, an apparatus and procedure have been de-

This alloy contained, according to separate analyses:
P e r  c e n t 

F e  1.33 
Si 0.59 
On S.06 

A ltO j p lu s  Al 90.02 (B y  difference)

Another quite different method developed fo r the evalua
tion of aluminium powder1 makes use of the reducing prop
erty of aluminium in a thermite reaction. Lead o::ide is 
reduced by the sample at high temperature, under a flux 
of borax. Accuracy within 1 per cent is claimed for this 
method, but the present author has had no success in at
tem pts to pu t it into practice.

A certain amount of evidence has been cited indicating 
the existence of an oxide or oxides of aluminium other than 
A I 2O 3 . Rhodin5 produces evidence of the existence of a 
compound AI3 O 1. M. Pionchon, 0 in 1893, concluded tha t 
aluminium, oxidized directly, produces a compound ALO. 
Duboin7 believes this A1,0 to be a mixture of 4 Al -}- A1„0,.

1 R eceived  M a y  25, 1921.
2 P ub lished  b y  perm ission  of th e  D irec to r of the  B ureau  of M ines
3 T rans. Faraday Soe., 14 (1919),-134.
4 H . B. F a b e r  an d  W . B . S to d d ard , T h i s  J o u r n a l , 12 (1920), 576.
5 Ijoc. i i i .
6 C>ttr-pi. rend., 1 1 7  (1S93), 328,
7 C cm pł. rend., 132 (1901), S2(L

certain potential sources of error in the wet methods men
tioned above.

The metal is taken into solution by a reagent, either 
caustic or acid, under such conditions that all of the 
hydrogen liberated by the reaction is caught in a meas
uring buret, where its volume, tem perature, and pressure 
may be read accurately. This gas is equivalent in quantity 
to the unoxidized aluminium, together with whatever iron is 
present when an acid reagent is used, or with the silicon, 
when caustic is used. W hether or not oxide of aluminum

1 Cornpt. rend., 141 (1905), 323.
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goes into solution is immaterial. I f  this be A130 „  no gas 
will result from  its solution; if AlaCb, fo r example, it is 
thought that enough gas will bo evolved in its dissolution to 
correspond with the passage of this “ lower oxide ” to a 
compound of the trivalent ALO,.

A p p a r a t u s

The apparatus, shown in Fig. 1, consists essentially of 
a reaction flask, C, connectcd to the measuring buret, E. 
F lask C is equipped with a 3-hole rubber stopper, L, which 
bears the dropping funnel, A, fo r the admission of the re
agent solution, the outlet tube, G, whose use will be spoken 
of later, and the capillary tube, F , which leads the gas to E 
fo r the necessary measurements.

The buret, E , was made from  ordinary laboratory equip
ment. A 750-cc. glass flask was used fo r the bulb. I ts  neck 
was scaled to the top of an accurate 50-ec. buret, such as 
is used in ordinary volumetric analytical work. To the 
base of the flask was scaled a 2-way stopcock to connect 
E  with F  and with the water manometer, II. W ater was 
used as the confining liquid in E, and its level was con
trolled by the bottle, B. The water jacket, J ,  was made 
from  a length of 2-in. glass tubing joined to the mouth 
of a large reagent bottle, from  which the base had been 
cut. The water in this was kept stirred by a  constant 
stream of air which bubbled up from K.

The first method of reading buret E  was simply to raise 
B until the level of the w ater in it coincided with that in the 
buret. This, however, introduced an almost constant error 
due to capillarity in the latter. Hence the outfit was 
equipped with the water manometer, H . In  a number of 
runs the buret was read by both these methods fo r com
parison. I t  was found that from  0.1 to 0.2 cc. error in 
volume was made in each reading by the first method. The 
average error in twenty-threo such comparisons was 0.16 cc., 
which correction was applied. All “ old ” results were re
calculated to the basis of the “ manometer ” reading.

The calibration of the gas measuring device was ac
complished as follows: Set up in its water jackct in the
position shown in Fig. 1, with conditions exactly the same 
as those obtaining when in actual use, the gas container was 
carefully cleaned with strong caustic soda solution and 
with chromic acid, and rinsed thoroughly with tap water 
and with distilled water. I t  was then filled, including cock 
D, with distilled water saturated with air. A fter it had 
stood thus fo r a couple of hours and had come to the same 
tem perature as the w ater in the jacket, it was allowed to 
run out to some point in the graduated portion, through a 
specially made tube fitted with a  cock, into a  tared flask, in 
which it was carefully weighed. A fter 15 min. (to allow for 
drainage from  the bulb), the water level in the graduated 
p art was read. The tem perature of the w ater was known 
from that of the jacket.

The weight of water, divided by the density of air- 
saturated, distilled water, weighed in air against brass 
weights, gives the volume occupied a t the known tempera
ture. From this, the reading of the buret was subtracted, 
and the resulting volume represented that of the measuring 
flask to the first, or “ zero ” graduation.

Three calibrations made according to this procedure gave 
778.74, 778.84, and 778.76 cc. The average, 77S.78, is called 
778.8 fo r actual use, since the buret can be read with ac
curacy to only about 0.05 ec.

In  order to make unnecessary the careful reading of the 
barometer once or twice fo r each run, a compensator, such

as is used in Orsat gas analysis equipments, was installed. 
I t  had a volume of about 100 cc., containe'd a little water, 
and was immersed in the w ater jacket along wTith E. I t  
was satisfactory over periods when changes in the tempera
ture of the jacket and in the atmospheric pressure were 
small, but not at all satisfactory otherwise. I ts  strange 
behavior could not be explained, and lest it prove mislead
ing, it was discarded.

I t  was feared at first that the ra the r large solubility of 
hydrogen in water would introduce an error too large to be 
neglected, and attem pts were made to eliminate this source 
of possible inaccuracy. A strong solution of potassium 
carbonate, in which hydrogen is soluble to a very limited 
extent, and the aqueous vapor pressure of which was plotted 
over a sufficient range of temperature, was tried as the con
fining liquid in E. This seemed successful enough, but its 
use was abandoned because its advantages did not 
compensate fo r its disadvantages. Distilled w ater was 
found to be the best confining liquid, and, when it was kept 
saturated with hydrogen by a continuous stream of bubbles 
in B, no loss from solution of the gas under investigation 
could well take place. Hydrogen has often been kept over 
water in E over periods of several days duration without 
suffering any measurable loss.

P r o c e d u r e

A sample of the aluminium under investigation is weighed 
into the Erlenmeyer flask, C, with an accuracy of 0.1 mg., 
and a little distilled water is introduced and brought to a 
boil over a burner. This drives out what gases may be 
dissolved in the water and serves to rid  the metal sample of 
air that may be adsorbed thereon. As soon as this has 
boiled fo r a few seconds, the flask is almost filled with cold, 
distilled water (previously boiled to expel all a ir) , its neck 
iSL moistened, and it is connected firmly to the stopper, L. 
Tube G is open. Now, by raising B, E  is filled completely 
with water to a point, M, in the capillary tube. Cock D is 
now closed. Flask C is filled completely with water from 
A until its level reaches the stopper, L, and w ater runs 
out through G. G is now closed, and preparations fo r the 
determination are complete.

A quantity of reagent is admitted to A and allowed to 
run into C, displacing an equivalent volume of water 
through G. When gas evolution commences, G is closed, 
and the increasing volume of gas collecting in C forces solu
tion back into A. This displacement may be accelerated 
by heating C. A very small amount of gas may be carried 
out of C suspended in the reagent liquid. But when the 
operation is carefully perform ed, it does not amount to 
enough to introduce any sensible error. When about half 
the liquid is displaced from C into A, the “ free space ” 
formed is deemed sufficient fo r more rapid  gas evolution. 
So the cock of A is closed, and D is opened. A fresh supply 
of new reagent is now admitted and the gas evolution may 
become violent. As this action slows up, C is kept heated 
by a burner until all action is complete, when, by adm itting 
more liquid from A, all the gas is forced over into E. The 
liquid of C now stands in F  to about the point 1ST. The 
small capillary, F , is gas filled afte r the reaction as well as 
before, so no appreciable error is introduced here.

Cock O is opened, if  necessary, to equalize water levels 
in the manometer, H . W ith O closed, cock D is next turned 
to connect E with H , and the w ater levels of H  are again 
equalized by adjusting the height o f B. Xow the pressure 
upon the confined gas in E is identical with the atmospheric 
pressure of the room.

The level o f the confining w ater in the graduated p a r t of
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E is carefully read and recorded, as are also the tempera
ture of the water jacket and the barometric pressure.

A fter 10 or .15 min. these same adjustments and readings 
are repeated. By this time, drainage of water from the 
walls of E will have been more thorough, the gas will more 
certainly have attained the tem perature of the jacket, and 
any supersaturation of it by water vapor will have become 
relieved by condensation.

Temperature ({) is read to 0.1“C., pressure (p ) is read 
to 0.1 nun. of Hg, and volume (u) is read to 0.05 ce. The 
gas is calculated to standard pressure and tem perature by 
applying the formula

p — vapor pressure of water at / 273
v X ------------------------------------------- X-------- =V.

760 273-H
Calculations were made by the use of a table of five-place 

logarithms.
P r o b a b l e  E r r o r

The accuracy of these gas measurements may be judged 
bv the following:

E rro r  in  
R ead ing

0 .1  m m , in  ba ro m e te r 
0 .1 °  C . in  the rm om eter 
0 .1  cc. in  b u re t

R esu ltin g  E rro r  
of G as V olum e 

(S .T .P .)
C c.
0.1
0 .2 4
0.1

T o t a l s .......................................0 .4 4

R esu lting  E rro r  
of “ P e r  ce n t A l”

P e r  C en t 
0 .0 1 4  
0 .0 3 4  
0.01

0 .0 5 8

This shows the inherent error of the measurement. Other 
errors may be introduced from other causes unless care is 
exercised.

I f  hydrochloric acid is used to act on the aluminium, an 
amount of HC1 may be carried into E with the hydrogen. 
This would dissolve in the film of water adhering to the 
walls of E, lower the aqueous vapor pressure of this film, 
and cause an inaccurate, low reading of gas volume. By 
the proper choice of reagents, this source of error can be 
avoided.

As previously stated, the solubilities of gases in alum
inium arc not known, but some idea of the gas content of 
the metal is furnished by Gwyer/ who found that cast 
aluminium which showed exceptionally severe blistering 
afte r rolling into sheet and annealing contained one-tenth 
to one-third of its own volume of occluded gas, tha t the 
composition of the gas varied exceedingly, and that its chief 
constituent was hydrogen.

This severe blistering is the result of unusually large 
amounts of gas being occluded; more gas, that is, than 
should be looked fo r in ordinary prim ary metal such as 
the sample used in this investigation. However, i f  the worst 
conditions which Gwyer cites should obtain in this sample 
(gas to the extent o f one-tliird the volume of the m etal), 
they would introduce an error too small to alter the results 
materially.

Thus, the density of Al is about 2.7 and the sample em
ployed in this work is about 0.564 g. Hence the volume 
o f Al used was only 0.21 cc. One-third of this, or 0.07 cc., 
is of the order of magnitude of the probable error of read
ing the buret, and could throw the result of a determination 
in error by less than 0.01 per cent of the sample weight.

The fact that hydrogen is the chief gaseous im purity in 
aluminium is confirmed by other investigators, notably 
Guichard and Jourdain2 and Dumas,3 though S ieverts1 
s ta tes th a t aluminium does not dissolve hydrogen.

1 In  d iscussion  o£ pape rs  on  "O cclusion  of G ases b v  M e ta ls ."  T rans  
Faraday Sue., 14 (1919), 25-1.

2 Compt. rend., 15s  (1912), 160.
3 Compt. rend., go  (1SS0), 1027.
■4 Elektrochen, 16 (1D10), 7 0 /.

T h e o r e t i c a l

The weight of a  liter of dry, pure hydrogen a t 760 mm. 
pressure and 0°C. tem perature is taken as 0.08994 g. (the 
value accepted by the U. S. Bureau of Mines). Erom this, 
it follows that 1 g. of “ 100 per cent pure ” aluminium 
should displace 1.24068 liters of hydrogen (27.1 being the 
atomic weight of aluminium).

I f  an acid is used as the reagent, the reaction 
F e +  H ,S04— >  FeS04+  H, 

will take place along with the reaction
2A 1+ 3U ,S 04— >  Al,<SOi)3+  311-,

So the hydrogen collected will represent the iron present, 
as well as the metallic aluminium. I f  caustic soda is used, 
it interacts with silicon according to the reaction

4NaOH +  Si — >  Xa,SiOt+  2Ha 
In  this case, of course, the H , represents Si and Al. The 
amounts of these impurities must be known from separate 
analyses of the metal. However, these are the substances 
which are always determined in ordinary analyses of alumi
nium and, with copper, which is not acted on by either 
alkalies or nonoxidizing acids, are the chief impurities 
present.

1 g . F e  lib e ra tes  4 0 1 .3 4  cc. 11» (S .T .P .)
1 g. Si libora tes 1584.09 cc. H j  

Hydrogen equivalent to the iron present or to the silicon, 
depending upon the nature of the reagent, is subtracted 
from  V, the total hydrogen reduced to 0°C. and 760 mm. 
This corrected volume, divided by 1240.7, gives the weight 
in g. of metallic Al represented, the ratio of which to the
weight of the original sample yields per cent metallic Al.

All other constituents (Cu, Fe, Si, and, if  necessary, Zn, 
Mn and Mg) in the sample are known from  separate 
analysis. The difference between the sum of all these plus 
metallic aluminium and the total weight of the sample is 
taken as aluminium oxide. This value may represent actual 
A1,0, or a larger amount of Al in a lower state o f oxidation.

c a r b i d e  a n d  n i t r i d e — The probable presence of alumin
ium nitride and carbide is not overlooked, although these 
have not been considered in this work fo r the reason that 
the extent of the contamination of the metal used by these 
substances is very slight.

The attack of the reagent upon the sample would affect 
these impurities according to the following reactions:

•IAIN +  6H20  = 1XU3 +2A1,0, (t)
A1,C3+  01120  =3CII<+  2AUOj (2)

From the former, ammonia would be formed, which, if it 
passed into the gas measurer, would be readily dissolved 
in the water, and so would not affect the volume of the 
hydrogen, unless its amount were too large to he completely 
dissolved or to leave the aqueous vapor pressure of the 
w ater film unaltered. In  other words, 110 gas would be 
measured from  the nitride and this substance would be 
represented as p a rt o f the oxide present.

Reaction 2 shows that carbide will produce methane, 
whieh will pass into the measurer and be treated as 
hydrogen. The amount o f aluminium which is in this car
bide would, if  metallic, produce hydrogen to the extent of 
ju s t twice the volume of this methane.

Now, since the aluminium in aluminium carbide is r o u g h 

ly seven-tenths of the weight of the carbide, it follows that 
the error introduced by a given percentage of carbide will 
be in increasng the apparent percentage of metallic alumin
ium, and by an amount equal to about one-third of the 
percentage of carbide in the sample.

Thus, if  3 per cent carbide be present, and gives off, say, 
20 cc. of CH, (which will be measured as hydrogen with 
which it is mixed), the same percentage (3) of metallic
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aluminium would give GO cc. So the effect of the carbide 
will be to increase the apparen t metallic aluminium content. 
The amounts of carbide occurring in commercial metal are 
so small, however, that this factor may safely be neglected.

D a t a

The perform ance of this apparatus was tried out on a 
sample of prim ary aluminium millings from a piece of ingot 
sent by Mr. J .  G. A. Rhodin of H . L. Raphael’s Refinery, 
London, England.

Analysis of this material, made by Mr. Rhodin, showed 
the following composition:

P e r  C en t.

AI 98.60
A liO i  0.52 (R h o d in 'a  m ethod)
Fo 0.38
M n  0.01
P b  0.02
C u  0.07
Sn 0.03
Si 0.44

100.07

.Betwen 0.56 and 0.57 g. of this metal were found to 
furnish enough hydrogen under the conditions of the ex
periment to fill the measuring device about midway in  the 
graduated section.

A great many runs were made, and some strangely varia
ble results were obtained before it became evident that the 
treatment of the sample before a determination is an im
portant consideration. Surfaces adsorb quantities of gases. 
Failure to take this fact into account, or the wrong assump
tion that such gases are present in or on these millings in 
amounts too small to introduce an im portant error, lias 
vitiated a large amount of otherwise good data.

w i t h  s o d iu m :  h y d r o x i d e — The series of results in Table 
I I  shows the effect of this adsorbed gas.

The procedure here was to cover the aluminium sample, 
in its Erlenmeyer flask, with about an inch of cold, air-free 
(previously boiled), distilled water, and to warm this or 
boil it over a Bunsen burner as specified below. A fter a 
sample had boiled as long as desired, it was immediately 
chilled by filling the flask with more cold water. Next, the 
flask was connected in the position of C, shown in F ig. 1, 
and the determination made as already outlined, caustic 
soda being used as the reagent.

The average sample, about 0.564 g., contains, according 
to the analysis, 0.0025 g. Si, which produces 3.93 cc. of 
hydrogen when oxidized by caustic soda. This volume was 
subtracted from  the total volume of hydrogen produced in 
each run and the remainder divided by 1241. This result, 
divided by the weight of the sample, gives the figure 
(Column 1), which is called “ per cent Al.”

T a b l e  I I — S o d iu m  H y d r o x i d e  a b  R e a g e n t

S am ple Vol. of I I , P e r  ce n t R ecal

R un
W t. a t  S .T .P . Al (12*11 P rev ious  T re a tm e n t cu la ted

G ram s Cc Value) (1254.1 V alue)
104 0 .5623 70 0 .8 5 9 9 .8 7 N o t h ea ted  (cold w ater) 9 8 .8 3
105 0 .5 6 5 0 7 0 4 .1 5 9 9 .8 6 90  (sm all a m t. of gas) 

90  (vacuum  boiled)
9 8 .8 2

106 0 .5652 702 .83 9 9 .6 4 9 8 .6 0
107 0 .5672 705 .73 9 9 .7 0 A lm ost bo iled 9 8 .6 6
108 0 .5 6 3 7 70 1 .1 3 9 9 .6 6 5 B oiled  h a rd  5 sec. 9 8 .6 3
109 0 .5 6 3 8 7 0 1 .2 3 9 9 .6 6 B oiled  h a rd  15 sec. 9 8 .6 2
110 0 .5 6 6 6 70*1.47 9 9 .6 3 B oiled  h a rd  15 sec. 9 8 .5 9
111 0 .5631 7 0 0 .1 5 9 9 .6 3 B oiled  h a rd  30 sec. 9 8 .5 9
112 0 .5 6 2 0 69 8 .5 0 9 9 .5 9 Boiled h a rd  1 m in . 9 8 .5 5
113 0 .5 6 6 5 70-1.49 9 9 .6 5 Boiled h a rd  3 m in. 98 .6 1
114 0 .5621 6 9 9 .1 0 9 9 .6 6 B oiled  h a rd  3 m in . 9 S .6 2
115 0 .5 6 6 7 70-1.85 9 9 .6 7 B oiled  h a rd  15 m in . 9 8 .6 3
116 0 .5 6 4 2 7 0 1 .5 7 9 9 .6 4 B oiled  h a rd  15 m in. 9 8 .6 0
117 • 0 .5 6 5 0 70 2 .2 8 9 9 .6 0 Boiled h a rd  60 m in . 9 8 .5 6

Numbers 104 and 105 show much higher results than the 
rest, because the total gas volumes in these runs represent 
what gas was adsorbed on the sample as well as the hydro
gen from the reaction. The average of Runs 108 to 117, 
inclusive, is close to 99.64 per cent, which is about 0.23 per 
cent lower than 104 and 105. Thus it would seem that

enough adsorbed gas was present in these two to make an 
eiTor of 0.23 per cent in a determination. - From this it 
appears that 1 g. of these coarse aluminium millings holds 
in the neighborhood of 2.9 cc. of gas (air and CO.) ad
sorbed.

This is borne out by the chemical analysis o f the hydro
gen taken from a run in which the sample had not been 
boiled before treatment. Analysis was made in the gas 
laboratory of the Pittsburgh Station, Bureau of Mines.

P o r C en t.

C O . 0 .1 6
O . 0 .0 7

N . 0 .4 7  (Difference)
I I .  0 9 .3

Total gases other than hydrogen constitute 0.7 per cent 
of the whole. According to the above figure fo r  adsorbed 
gas, this sample held 1.65 cc. The volume of the connecting 
tube, F , which was filled with a ir  before the run, is about
1.5 cc. This total, 3.15, accounts fo r about 0.45 of the 0.70 
per cent impurities. The remaining 0.25 per cent is within 
the accuracy of the Orsat combustion method, by which the 
hydrogen was determined in the above gas analysis.

Runs 108 through 117 are taken as indicating the true 
value of the hydrogen from the main reaction. Their rela
tive constancy over a range of from  5 sec. to 1 hr. of boiling 
would indicate that no appreciable chemical attack is made 
upon the metal by boiling water.

Run 106, in which the w ater was not heated higher than 
90°, and in which violent boiling was induced by reducing 
the air pressure, shows that the simple driving off of 
gaseous impurities from  the metal surface is all tha t takes 
place when the sample is treated with boiling water.

The value of 99.64 per cent Al is 1 por cent higher than 
the actual content as determined directly by Rhodin. Since 
there is little room fo r doubt about the. volume of the a p 
paratus and about the analysis of the sample, the reason 
fo r this discrepancy must be that the wrong value has been 
used fo r the volume of hydrogen which will be set free 
by a unit weight of aluminium.

Calculating back from 99.64 to a basis of 98.60 per cent, 
it appears that 1 g. of pure aluminium produces 1254.1 cc. 
of hydrogen, measured at 0° C. and 760 mm. This would 
indicate 26.81 as the atomic weight of aluminium, a  value 
more than 1 per cent lower than the present accepted value 
of 27.1. This is as much lower again as is the value (26.963) 
obtained by Richards and Krepelka,1 in the latest work on 
the atomic weight of this element.

Of earlier investigators, Mallet,3 Thomsen,“ and Kohn- 
Abrest ‘ used measurements of hydrogen resulting from  so
lution of analyzed aluminium for determining the atomic 
weight, and all found values close to 27.0. However, none 
of them took account of the presence of any oxide of alumi
nium in the samples used. Al was known only by differ
ence. I f  oxide had really been present in the metal, their 
results would be too high.

Nicolardot and R obert5 obtained a value of 1242.89 cc. 
per g. as the volume given from  the reaction of sodium 
hydroxide on a sample of aluminium of known composition 
and calculated to a basis of 100 per cent pure metal.

Nicolardot® has described an apparatus, somewhat more 
complicated than the one described herein, by which he

1 J .  A m . Chem. Soc., 42 (1920), 2221.
2  P hil. T rans., x8 i  (1880), 1003.
2 Z . anorg. Chem., 15 (1897), 447.
4 B ull. soc. chim . [3], 33 (1905), 121.
5 Chim ie <t* industrie 2 (1919), 641
6 B ull. soc. chim . [4], 11 (1912), 406.
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suggests that aluminium and other metals may be investi
gated an deven that atomic weights may be determined.

Adopting the figure of 1254.1 ee. as the volume of hydro
gen given off by the action of 1 g. o f pure aluminium on 
a reagent, and recalculating the data already shown to this 
basis, the values in Column I I ,  Table I I , are obtained. 
These are in accord with the careful analysis of Rhodin.

w i t h  s u l f u r i c  a c i d — A series of runs was made with 
sulfuric acid, which are tabulated in Table I I I .  To the 
author’s surprise, it was found from the hydrogen figures, 
and also from tests of the filtered reagent solution after the 
runs, that the acid had dissolved not only the iron, but also 
the silicon present, oxidizing it to silicic acid. So this 
“ total hydrogen ” had to be corrected for the gas from both 
the iron and the silicon.

Strange to say, these figures vary pretty  widely, by 0.5 
per cent, but their average is close to tha t of the runs made 
with caustic soda. The acid is slow to act on aluminium, 
and a strong solution must be employed and the tem pera
ture kept near boiling by a burner. Even under these con
ditions a determination, is a m atter o f several hours.

T a b l e  I I I — S u l f u r i c  A c i d  a s  R e a g e n t  
(Sam ple boiled  30 sec. in  ev e ry  case)

R u n Sam ple Vol. of H , P e r  c e n t A1
W t. a t  S .T .P . (C orrec ted  fo r F e  a n d  i

gram s Cc. B asis, 1254. 1V alue
137 0 .5712 71 1 .2 0 9S .60
138 0 .5 7 1 0 71 2 .6 0 9S .S 3
139 0 .5639 7 0 0 .2 7 9 8 .3 5
140 0 .5 6 6 3 70 6 .1 8 98 .7 6
141 0 .5638 7 0 2 .7 0 9 8 .7 0
142 0 .5637 701 .67 9 8 .5S
143 0 .5 6 3 4 703 .25 9 8 .8 5
144 0 .5658 702 .73 9 8 .3 6
145 0.56S1 708 .13 98 .7 2

Av e r a g e .................9S .64

P r e c a u t i o n s

This method is .b y  no means “ fool proof,” but, when 
operated intelligently and with proper attention to details 
o f manipulation, determinations can be run off a t the rate 
of about two per hour.

Care must be taken to bring the w ater over the sample 
to violent boiling before making a determination. This 
drives off occluded air from the surfaces of the metal par
ticles. I t  is best to let this boiling continue for perhaps 
half a minute.

All water used in  filling the reaction flask must be boiled 
before use to free it from  all dissolved air.

Close attention must be given during the early stages of 
a  run to prevent any small metal particles from being car
ried by the reagent solution out of the reaction flask and 
into the dropping funnel, where its equivalent of hydrogen 
would be lost to the determination.

The reaction flask must be completely filled with pure 
w ater to the exclusion of all a ir bubbles before the admis
sion of any reagent.

The gas measuring apparatus must be cleaned as often 
as necessary with strong caustic solution or chromic acid, 
or both. Otherwise, grease from the stopcock, which is 
carried into the apparatus, prevents proper drainage of 
w ater from  the surfaces and interferes with the reading of 
the meniscus. E or such cleaning, the outfit need not be 
taken apart. A tube may be attached to the lower end of 
the buret, and through this the cleaning solutions, wash 
waters, etc., may be taken into the apparatus by suction.

The rubber stopper, L, should be fitted carefully to the 
reaction flask and tested frequently, lest small leaks de
velop which would admit air into the flask. When hydrogen 
is passing into the gas measurer the pressure in the reac
tion flask is less than atmospheric, so during this time leaks 
would be inward.

A d v a n t a g e s  o f  T h i s  M e t h o d

This method and apparatus have the following advantages 
over other methods which have been used or suggested:

1 — RELATIVE SIM PLICITY  OF APPARATUS AND M ANIPULATION 
—The entire equipment is assembled from ordinary laboratory 
glasswfU'O and a good glassblower can make the necessary altera
tions in a couple of hours. When the exercise of proper care in 
handling becomes habitual, the use of this apparatus is simple 
and easy.

2 — R a p i d i t y  o f  a n a l y s i s — When a very active reagent is 
used, i. c., caustic soda, runs may be made at the rate of about 
30 or 40 min. each. With less active reagents, the process is 
slower.

3—r e p r o d u c i b i l i t y  o f  r e s u l t s —When metal, reagent, and 
other factors are kept the same, results will be found to check 
one another surprisingly closely. The author has made series 
of runs on a sample of primary metal, with hjprochloric acid, in 
which as many as ten or twelve consecutive determinations 
agreed within 0.06 per cent of the total sample weight, which is 
the probable error of the measurement (see page —). Lack of 
homogeneity in the metal sample is the most potent cause of 
wider variations in results.

4—Only one weighing is necessary for a determination. Cal
culations made with logarithm tables require no more than about 
5 min.

5.—The method is applicable over a wide range of metal com
position.

D i s a d v a n t a g e s

The disadvantages of the. method are as follows:
1—It is realized that the accuracy of this method is not sub

ject to rigorous proof. No aluminium of very high purity, known 
to be free from oxide, is obtainable with which to test it. Also, 
knowledge of the exact oxide content of the metal at hand and 
of the composition of such oxide within the metal, is not available 
further than is shown by Rhodin’s own analysis of the metal 
used, by his own method, a method which is itself based upon 
assumptions that have never been proved, and for which great 
accuracy and dependability are not claimed.

2—On account of the peculiar conditions of procedure, this 
method is not applicable to metal in a fine state of subdivision. 
The particles should be no smaller than will be retained by a 
30-mesh screen; otherwise they are easily carried out of the 
reaction flask suspended in the reagent solution.^ Coarse drill
ings, millings, and turnings are best adapted. The only types 
of aluminium with which this method could not be used, how
ever, are bronze powder, dust, and grindings. Pig metal, castings, 
sheet metal and so on, which comprise the vast bulk of the metal 
of commerce, furnish coarse borings and turnings with ease. 
So this limitation does not amount to a serious circumscription.

C o n c l u s i o n

Accurate estimation of metallic aluminium (and of oxide, 
indirectly) in commercial metal may be made by measuring 
the hydrogen evolved from  reaction between it and a re
agent.

By the method herein set forth  these values can be de
termined rapidly and easily. There has long been a really 
great need of such a method, because aluminium is now 
bought on pecifieations based on a “ d iffe ren cem e th o d  of 
analysis, which u tterly  fails to consider oxide, nitride, car
bide, and possibly other impurities which are undoubtedly 
almost always present. The ordinary analysis calls for de
termination of copper, iron, and silicon, and the difference 
is said to be aluminium. As a m atter of fact, this o r d i n a r y  

incomplete analysis is inadequate, giving only a  superficial 
idea of metal quality. The present method supplies a  long- 
felt need.
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A Rapid Method for the Determination of Sodium Chloride in 'Soap1
By H. C, Bennett

L os A n c e l e s  S o a p  C o m p a n y ,

The usual method fo r the determination of sodium 
chloride in soap calls fo r the decomposition of the soaj) by 
sulfuric acid, and the volumetric estimation o f 'th e  sodium 
chloride by titration with 0.1 A' silver nitrate, using potas
sium chromate as an indicator/

When one is called upon to analyze soaps containing a 
large amount of silicate of soda or insoluble tillers such as 
silica or talc, this method proves to be somewhat difficult 
of manipulation. The method described below, however, 
is not open to this objection and is quick and accurate. F or 
this reason also it is valuable in routine control analyses 
in soap works laboratories. A  complete determination can 
be easily made in 7 mill.

The method depends upon the precipitation of the soap 
and admixed soluble fillers in a water solution by the addi
tion of magnesium nitrate. The sodium chloride may then 
be titrated immediately with silver nitrate solution without 
filtering oil the precipitated magnesium soap and other 
insoluble compounds. The indicator used is potassium 
chromate.

Magnesium nitrate was selected as the best precipitating 
agent to use because of the fact that it does not form an 
insoluble product with the potassium chromate, which is 
later used as an indicator in the titration. Solubility tables1 
show that magnesium chromate is very soluble in either hot

, L o s  A n c e l e s ,  C a l i f o r n i a

or cold water, whereas calcium chromate is only moderately 
soluble in cold water, and much less so in hot water. 
Barium and strontium chromates are insoluble.

The method, in detail, consists of dissolving 5.S5 g. of 
soap in 150 cc. of hot water in a beaker, boiling if neces
sary to effect solution of all soluble components. The soap 
and soluble fillers are precipitated out of solution by the 
addition of 25 cc. of a 20 per cent solution of magnesium 
nitrate (crystals). W ithout cooling, the unliltered mixture 
is then titrated against 0.1.V silver nitrate solution, using 
a small amount of potassium chromate as an indicator. The 
appearance of a  reddish brown color is the end-point, and 
the percentage of sodium chloride is read directly from  the 
buret by dividing the number of cubic centimeters by ten 
( I  cc. =  0.1 per cent).

Results by this method have been checked in this labora
tory time afte r time against the usual standard method and 
have always agreed to within 0.01 or 0.02 per cent. Cool
ing the mixture before titra ting  increases the accuracy of 
the method. Soaps to which known amounts of sodium 
chloride were added have also been made in the laboratory, 
and the analysis by this method gave concordant results.

The author is indebted to Mr. E. L. N orthrup, who per- 
formed the laboratory work necessary to demonstrate the 
feasibility of the method.

The Application of the Immersion Refractometer to the Analysis of 
Aqueus Salt Solutions1

By C. A. Clemens
S o u t h  D a k o t a  S t a t e  F o o d  a n d  D r u g  L a b o r a t o r i e s , V e r m i l i o n ,  S o u t h  D a k o t a

In the past the immersion refractom eter has been little n _ n
used in the quantitative analysis of inorganic salt solutions, ..¿"""
and then largely with solutions containing but a single salt.
This fact may be explained by the lack and unreliability 
of data on refractive indices. Practically all data upon 
aqueous salt solutions prepared fo r quantitative work have 
been worked out and compiled by W agner.3 They take the 
form of tables worked out fo r definite temperatures, neces
sitating the accurate control of temperature, which is a 
serious drawback in ordinary analytical work.

In this paper it is proposed to demonstrate that the im
mersion refractom eter furnishes a  very rapid  and, at the 
same time, fa irly  accurate method fo r the determination 
of soluble salts in aqueous solution, both singly and in sim
ple mixtures; and, furthermore, that the use of tables can 
be avoided by the determination of a constant fo r each salt, 
which constant is applicable at ordinary room temperatures.

T h e  R e f r a c t i v e  I n d e x  F a c t o r

Jones and Getman0 m easured the refractive indices of 
several solutions, and in every case they found the refractive 
index to be a linear function of the concentration. Hall- 
wachs7 and Bender8 obtained practically a constant value 
for

'  l ie c e iv e d  J u n e  S. 1921 .
¡ T h i s  J o u r n a l , 1 1  ( 1 9 1 9 ) .  7 8 5 .
‘ V an  X o s t r a n d ’s  ‘‘ C h e m ic a l A n n u a l ."  4 th  E d .

r te ce iv e d  A p r i l  2 . 1921 .
' ü b e r  q u a n t i t a t i v e  B e s t im m u n g e n  w ä s s e r ig e r  L ö s u n g e n  m i t  dem  

¿eiss” s c h e n  E i n t a u c h r e f r a k to m e te r .”  S o n d e rh a u s e n ,  1907 .
'A m .  C liem . J . .  31 (1 9 4 ) , SOS.
' t r i e d .  A n n . .  47 (1 8 9 2 ) , 3S0.
1 Ib id ., 39 (1 8 9 0 ), 90.

where n = refractive index of solution
n» = refractive index of water at the same temperature 
c = grains solute per 100 cc. solution 

From  the above it is obvious that the value of one division 
of the immersion refractom eter scale expressed in  p er cent 
by volume (g. in 100 cc. of solution) is equivalent to the 
reciprocal of n — n0/c ,  the values of n  and n0 being ex
pressed in terms of the immersion refractom eter scale, and 
tha t this value is a constant. I t  should be noted tha t when 
p  (g. solute per 100 g. solution) is substituted fo r c, the 
values obtained increase with increased concentration. 
Robertson1 has worked out such a constant fo r caseinates, 
while Zwick 1 and Lalin3 established factors fo r tannins and 
starch, respectively. Robertson finds tha t “ the difference 
between refractive index of the solution and that of water 
a t the same tem perature remains appreciably constant.” 
Salt solutions were tested a t different temperatures, and it 
was found that the above statement held tine for them as 
well as for caseinates.

Cheveneau1 has shown th a t ionization has no sensible in 
fluence on refractive index; Rimbach and W intgen,5 th a t 
complexes have no measurable effect, while Jones and

1 J .  P h y s . C hem ., 13 (1 9 0 9 ), 469. 
a C h e m . - Z t f f 3 2  (1 9 0 9 ), 405.

* Z . y e s . B r a i i w , 32 (1 9 1 0 ) , 231.
4 Z. physik. Chem., 74 ( 1 9 1 0 ) ,  2 3 3 . 
s C o m p t. r e n d .,  1 5 0  (1 9 1 0 ) ,  8 6 6 .
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T a b l e  1 .— T h e  E f f e c t  o f  T e m p e r a t u r e  C h a n g e  u p o n  n - n 0 
F o r m u la  P e r  c e n t, 
o f  S a lt .

N 'nCl

K -C r=0 ,

NaaSjOs

SlnClj

of S a lt . f r a c to u ie t e r  S c a le  D iv is io n s
1S=C. 2 0 °C . 23  °C. 2 5 CC.

0 .6S 3 .0 0 3 .04 3 .02 3.07
C.6 C 2 9 .7 5 2 9 .GS 2 9 .6 5 29 .6 2

2.01 9 .3 8 9 .3 5 9.3S 9.39-
1 U.U0 4 6 .7 0 46*70 4 6 .7 0 4 6 .6 7

1 .79 9 .37 9 .4 3 9 .37 9.31
11 .54 59 .9 8 60 .S 2 0 0 .3 5 6 0 .4 5

1 .5 1 S.47 S .39 8 .3 5 8 .51
6.71 3 7 .5 1 3 7 .5 0 3 7 .4 5 37 .5 2

1.05 2.20 2 .15 2 .1 9 2 .18
5 .1 3 1 0 .6 9 10 .72 1 0 .7 0 10 .6 8

5 .19 1 4 .0 5 14 .07 14 .0 3 1 4 .0 0
10 .4 5 2 8 .2 6 2 S .21 2 8 .1 9 28 .17

2 .23 12 .S 9 1 2 .9 0 12 .9 3 12 .S 9
7 .00 4 0 .8 0 40 .81 40 .7 9 4 0 .8 2

1 no effect due to hydration. The analytical
the present paper 'tend to ‘confina

A g X O , . . .

C a C l; ____

Getman1
data which follow later 
the above work.

The foregoing establishes the fact that c / n — »„ is, for 
all practical purposes, a constant independent of tem pera
ture and unaffected by dissociation, hydration, and the 
formation of complexes. This constant represents the per 
cent by volume of salt equivalent to one division of the 
immersion refractom eter scale. Several of these constants 
have been worked out and are shown in the following table :

F a c t o r sT a b l e  I I . — R e f r a c t iv e  I n d e x

N aC l ................................................ 0 .2 2 4
K 2C r 0 4 ......................................... 0.1 S3
K I  .................................................... 0 .20S
NaÄO-, ................ ' ..................0.191
M llC la ............................................ 0 .1 7 9
K.Cr20 ;  .................................. 0.214
N lI ,N a H P O , ............................. 0.20G
K C 1 0 a ...........................................0 .1 7 9
M g S O . ...........................................0.1 SG
Z n  ( C2H s0 2 1 - ............................. 0 .2 4 2

A g N O j ............................................ 0 .3 7 0
K N O a ...............................................0 .4 2 2
B aC l»  ............................................. 0 .2 0 4
C a C i; ...............................................0 .17 :;
C u  ( C : H j O j ) a ..............................0.2G4
H gC la ............................................. 0 .4 4 8
K j ’c t C X ) ,  ................................. 0 .1 9 1
K j SO j ............................................. 0 .3 2 1
( N H , ) 2C 20 ,  ................................. 0 .2 0 1

T a b l e  I I I . — D e t e r m i n a t i o n  o f  a  S i n g l e  S a l t  i n  A q u e o u s  S o l u 
t i o n  b y  t h e  I m m e r s i o n  R e f r a c t o m e t e r

F o r m u la  o f  S a l t
,— R e f r a c t iv e  I n d e x —, ,---------P e r  c e n t ,  o f  ;

W a te r S o lu t io n P r e s e n t F o u n d
N a C l .................... 1 7 .7 0 0 .6 8 0 .6 S
K aC rO ! ................
K I  ..........................

2 7 .7 3 2 .5 0 2 .5 2
1 8 .6 0 1 .3 3 1 .31

N a .S aO j ............... 5 0 .2 1 6.S 4 6 .8 2
M n C l........................ . .1 3 .9 S 5 1 .0 0 6 .71 6 .6 3
K .C raO ; ..............
-N’f l .N a U P O *  . .

. .1 4 .1 0 3 7 .5 7 5 .05 5 .0 2
. .  .1 4 .3 4 4 6 .4 3 6 .6 9 6 .67

K C IO , ................ 1S .11 2 .0 6 2 .0 6
Z ll(C a H 3Oa>a . . . .. .1 4 .2 0 3 3 .3 0 4.59 4.62
A g N O j ............... 42 .4 1 1 0 .4 5 1 0 .4 0
K N  0 3 ................... . .1 4 .0 8 3 0 .6 0 7 .0 6 6 .97
B a C l......................... . .1 4 .3 2 22 .6 1 2 .1 7 2 .1 9
C a C I a ............................ . .  .14.30 4 4 .2 5 5 .21 5 .1 8
C ufC aH oO s)»  . . . .  .1 4 .2 1 25 .71 3 .01 3 .04
H ffC lj ................... . .1 4 .1 3 2 5 .3 0 5 .00 5 .04
IC <Fe(C N )o . . . . . .1 4 .3 3 6 4 .4S 9.61 9 .5 SKaSO* ................ . . .1 4 .3 3 2 3 .0 5 3 .07 3 .09
UN’I I J - C - O ,  , , , , 14 .4 0 30 .9 4 3 .34 3 .3 1

A p p l i c a t i o n  o p  M e t h o d

0.00 
+ 0.02 
— 0.02 
— 0.02 
— 0 .08  
— 0 .03  
— 0.02 

0.00 
+ 0 .0 8  
+0.01 
— 0 .0 9  +0.02 
— 0 .0 3  
+ 0 .0 3  
+  0 .04  
— 0 .03  +0.02 
— 0 .0 3

the following work is expressed as per cent by volume 
(g. solute per 100 cc. solution). All solutions were made 
up a t 20 °C. No tem peratures were read while taking the 
refractive indices; instead, controls of distilled water were 
kept in the bath a t the same temperatures as the solutions. 
Unless otherwise stated, refractive index refers to the im
mersion refractom cter reading. In  all calculations the 
anhydrous form  of the salt was used. I t  is assumed that 
the salts are known qualitatively in every case.

Tables may be conveniently used in the methods describe'] 
in this paper. I f  the table is prepared fo r temperature t 
and it is desired to work at tem perature t', the readings 
may be corrected by subtracting the refractive index of 
water at t' from the refractive index of the solution at (' 
and adding the refractive index of w ater a t t, thus obtaining 
the reading of the solution a t the tem perature t.

M IX T U R E S  O F TW O  S A L TS, O N E OP K N O W N  AND ONE OF

u n k n o w n  c o n c e n t r a t i o n — The percentage of the salt of 
known concentration divided by its refractive index factor 
gives in terms of scale divisions the effect on the refractive 
index due to th a t salt. "When this value is subtracted from 
the refractive index of the solution containing the twTo salts, 
the remainder is equivalent to the refractive index of the 
salt of unknown concentration in aqueous solution, and the 
percentage of salt present is determined in the manner ex
plained before. Table IV  gives illustrations of this applica
tion.

M IX T U R E  O P TW O  SA L TS, B O TH  OP U N K N O W N  CONCENTRA

T IO N — The procedure in this case is based upon that used 
by Leach and Lythgoe1 in determining methanol in the 
presence of ethyl alcohol. This involves the use of the 
specific gravity or density of the solutions, and again we 
find a groat lack of reliable data. However, i t  was found 
that a factor similar to the refractive index factor could 
be worked out. The specific gravities a t 20°C./4°C. of 
various solutions were taken, and the value for water 
(0.99823) was subtracted. The values thus obtained were 
then divided by the respective percentages (by volume) of 
salt in the solutions. This gave the effect o f the addition 
of 1 per cent o f salt upon the density of the solution at 
20 °C. Table V gives several o f these constants.

T a r i .e  V .— D e n s it y  F a c t o r s  f o r  2 0 °C .
. .  .O.00S20 
. .  .0.00602 

0.00S6G

s in g i .h :  s a l t —I he concentration of all solutions used in

N a C l ...........................
K : C rO , ..................................... 0 .0 0 7 8 2
K I  ...............................................0 .0 0 7 1 8
N a ; S 50.n ...................................0 .00791
M nC la .......................................0 .0 0 8 2 1
ICsCr-Or .................................... 0 .0 0 6 7 5
N H .N a l lP O ,  ........................ 0 .0 0 7 7 3
K C 1 0 ,  0 .0 0 6 1 3
M gSO .............................................0 .0 1 0 5 5
Z n < C 2n 30 2)s  ......................... 0 .0 0 6 5 5

D e n s i t y  F a c t o r s  f o r  2 0 °  
.0 .0 0 7 0 0  A g N O j ...............A gX O  

K N O ,
B aC l» ............
C a C l...................
Cu{G>H»Oa) ,
H g C la  ........
K ,F e ( C N ) „  .
K aS O , ...........
( N H r i a C a O ,

. .0.00753 
. .0.00583 
. .0.00817 
. ,0.00652 
. .0.00778 
. .0.00470

T a b l e  I V .- - D e t e r m i n a t i o n  o f  O n e  S a l t  i n  a  M i x t u r e  o f  T w o  S a l t s  b y  M e a n s  o f  t h e  I m m e r s i o n  R e f r a c t o m e t e r , t i i e  S e c o n d  S a l t
L iE iN G  D e t e r m i n e d  b y  O t h e r  M e a n s

r "
W a te r .

■ R e fra c tiv e  In d e x -  
M ix tu r e . D iff.

13 .4S 6 0 .7 0 4 7 .2 2
1 3 .9 8 3S.OO 2 4 .0 2
14 .2 3 2S .83 1 4 .6 0
14 .3 9 33 .4 2 19 .0 3
14 .3 9 3 9 .2 9 2 4 .8 0

13 .91 32 .S 4 1 8 .9 3
13 .9 1 29 .27 15.36
13 .91 3 9 .1 8 2 5 .2 7

13 .8S 3 6 .7 9 22 .9 1
1 4 .0 0 2 9 .3 0 14 .7 0

1 4 .0 5 3 1 .1 8 1 7 .1 3
14 .0 5 4 2 .7 4 2 8 .6 9

15 .1 5 2 5 .4 3 1 0 .2 S
15 .1 5 2 4 .7 5 9 .6 0

14 .4 0 2 3 .3 7 S.97
1 4 .4 0 25 .0 0 1 0 .6 0

,— S a l t  o f  K n o w n  C o n c e n t r a t i o n —
A m o u n t C a lc u la te d  
P r e s e n t ,  E f fe c t  on  

F o r m u la  P e r  c e n t  R e f . In d e x
N aC l ................................4 .6 7  20 .85
N aC l ................................ 2 .33  10 .4 0
N aC l .................................1 .4 0  6 .2 5
N aC l ................................ 1 .17  5 .22
N a C l .................................3 .7 4  IG .70

S a l t  o f  U n k n o w n  C o n c e n tr a t i o n .—  
E f fe c t  o n  A m o u n t A m o u n t 

P r e s e n t ,
P e r  c e n t  

5 .0 0

N a 2SaOa ...............   .1 .9 5
N fljS jO s . . . . . . . . .  .0 .9 9
N a sSaOa ......................... 3 .9 6

M nC la ............................3 .3 5
M nC la ............................ 1 .16

Nâ SaOs . . 
NnaSaOa . .

 2 .04
 1.02

A rN O j  ...............................2 .61
A g X O , ...............................1 .33

(N H .la C a O , ....................0 .7 3
(N H ^ a C a O , .................... 1 .6 7

10.21
5 .1 8

2 0 .7 3

IS . 72 
G.4S

10 .6S
5 .34

7 .05
3 .65

3.64 
S .31

R e f. In d e x  
F o r m u la  D u e  to

K aC rO , ...................26 .3 7
K aC rO , ...................13 .6 2
K aC rO , .................. S .35
K aC rO , ...................13 .8 1
K aCrO * ...................  8 .2 0

K I
K I ..............................10 .1 8
K I  ............................  4 .54

K I
KI
M ffSO ,
M g S 0 4

K N O a . 
K N O , .

K .S O . . 
K.SOt .

4 .1 9  
S .22

. 6 .45  

.2 3 .3 5

3 .23
5 .9 5

5 .3 3
2 .2 9

2 .5 0
1 .50
2 .5 0
1 .50

2 .7 7
3 .09
1 .27

1 .27  
2 .5S

1.20
4 .34

1 .2 8
2 .5 0

1 .7 0
0 .77

F o u n d , 
P e r  c e n t.

4 .5 3
2 .4 9
1 .5 3
2 .53
1 .5 0

2 .6 0
3 .03
1 .35

1 .25
2 .45

1.20
4.34

1 .36
2 .51

1.71
0 .74

nut.
— 0.17
— 0.01
+ 0 .0 3
+ 0 .0 3

0.00
_-0.1T
— 0.06
+ 0 .0 8

— 0.02
—0.13

0.00
0.00

-t-O.OS
+0.01

+0.01
— 0.03

3 L e e . c it. .4m . C h c m . S o c .,  27  ( 1 9 0 5 ) .  9 64 .
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The density of a  solution at 20“C. can be calculated by 
means of these factors by multiplying the factor by tho 
percentage of the salt and adding 0.99823. By reversing 
this process the percentage of salt can be found from  the 
density.

Knowing tbe refractive index of the solution and of 
water a t the same tem perature and the specific gravity of 
the solution at 20“C ./4''C ., the percentage by volume of the 
two salts can be calculated as the following illustration 
shows:

C a l c u l a t i o n  o f  t h e  A m o u n t  o f  P o t a s s i u m  I o d i d e  a n d  S o d i u m  
T i i i o s u l f a t e  i n  a n  A q u e o u s  M i x t u r e  

O b s e r v e d  D a t a  :

S p ec iflc  g r a v i ty  2 0 V 4 ° .......................................................................  1 .0 2 7 9 7
Im m e rs io n  r e f r a c to m e te r  r e a d in g  o f  m i x t u r e ..................... 20 .2 7
Im m e r s io n  r e f r a c to m e te r  r e a d in g  o f  w a t e r ........................ 1 3 .9 1 -

T h e  o b s e rv e d  sp ec iflc  g r a v i ty  m in u s  th e  sp ec iflc  g r a v i ty  o f  w a te r ,  
1 .0 2 7 2 9  —  0 .9 9 S 2 3  =  0 .0 2 9 7 4 , 

d iv id e d  b y  th e  r e s p e c t iv e  sp e c if lc  g r a v i ty  f a c to r s  o f  t h e  s a l t s  (T a b le  
V ), g iv e s  t h e  p e r c e n ta g e  c o n c e n t r a t io n  o f  s in g le  s a l t  s o lu t io n s  h a v 
in g  th e  s a m e  sp e c if lc  g r a v i ty  a s  th e  m ix tu r e .

0 .0 2 9 7 4 /0 .0 0 7 1 8  =  4 .1 4  p e r  e c n t.  p o ta s s iu m  io d id e  
0 .0 2 9 7 4 /0 .0 0 7 9 1  == 3 .7 4  p e r  c e n t  s o d iu m  t i i io s u l f a te  

T h e  p e r  c e n t ,  o f  s a l t  c a lc u la te d  f r o m  t h e  sp e c if lc  g r a v i ty  d iv id e d  
by th e  a p p r o p r i a t e  r e f r a c t iv e  In d e x  f a c t o r  (T a b le  I I ) ,

4 .1 4 /0 .2 9 S  -  13 .9 0  
3 .7 4 /0 .1 9 1  =  1 9 .5 0  

Upon th e  a d d i t io n  o f  th e  o b s e rv e d  r e a d in g  f o r  w a te r ,  g iv e ?  th e  r e 
f r a c t iv e  in d e x  r e a d in g s  o f  s in g le  s a l t  s o lu t io n s  h a v in g  th e  s a m e  
speciflc  g r a v i ty  a s  th e  m ix tu r e .

1 3 .9 0  +  13 .91  =  2 7 .S I ,  r e f r a c to m e te r  r e a d in g  f o r  K I  
1 9 .0 0  - f  13 .9 1  =5 3 3 .4 7 , r e f r a c to m e te r  r e a d in g  f o r  X a-S jO a 

T ile  d if fe re n c e  in  r e f r a c to m e te r  r e a d in g s  o f  t h e  r e s p e c t iv e  s a l t s ,
3 3 .4 7  —  2 7 .S I  == 5 .0 0

d iv ided  in t o  t h e  d if fe re n c e  b e tw e e n  th e  o b s e rv e d  r e f r a c to m e te r  r e a d 
ing  a n d  th e  r e a d in g  f o r  s o d iu m  t i i io s u l f a te  a lo n e ,

3 3 .4 7  —  2 9 .2 7  =  4 .2 0
g ives  th e  p r o p o r t i o n  o f  p o ta s s iu m  Io d id e  in  th e  m ix tu r e  ta k e n  a s  
u n ity .

4 .2 0 /5 .0 0  =  0 .7 4 2  p o ta s s iu m  io d id e  
1 .0 0 0  —  0 .7 4 2  =  0 .2 5 8  s o d iu m  th i o s u l f a t e  

I te f e r r in g  b ac k  to  t h e  p o s s ib le  c o n t e n t  o f  e a c h  s a l t  c a lc u la te d  
from  th e  sp e c if lc  g r a v i ty ,  a n d  m u l t ip ly in g  e a c h  by  t h e i r  r e s p e c t iv e  
p r o p o r t io n a l  p a r t s  J u s t  fo u n d , w e  h a v e :

4 .1 4  X 0 .7 4 2  =  3 .0 7  p e r  c e n t  p o ta s s iu m  io d id e  
3 .7 4  X  0 .2 5 S  =  0 .9 0  p e r  c e n t  s o d iu m  th i o s u l f a t e

4 .0 3  p e r  c e n t  t o t a l  s a l t s .

I f  the products of the refractive index and specific grav
ity factors lie close together, an error in the determination 
of refractive index or specific gravity causes a  larger error 
in the final result than if  they lie farther apart. The above 
method offers a rapid  means of analyzing some mixtures 
which cause considerable difficulty when determined by 
ordinary analytical methods. Table V I gives a summary 
of a large number of determinations made by the above 
method. The range of concentration of the components is 
shown, as well as the maximum and minimum variation of 
the results from the truth.

Combinations of S a l t s  
U se d

T a b l f .  V I

R a n g e  o f  C o n c e n tr a t i o n  
o f  C o m p o n e n ts  

M ax . M in .
P e r  c e n t  P e r  c e n t

D if fe re n c e  B e tw e e n  
C o n c e n tr a t i o n  

F o u n d  a n d  t h a t  
K n o w n  to  b e  P r e s e n t  

J in x .  M in .
P e r  c e n t .  P e r  c e n t

K2C r04-fX aC l ...............

........
P O .+ x V a ^ O ,

K jCrO .-flvC rjO j ........
KCIOjT-K^Cr/); ..........
Ji8MV4-Na2i>20 j  .........
K X 0 i% '< jKC10’ •• 
R a c u i c a U 3
Su <CifI,Oj),4-HgCl~ . .
K.Fe(C^)V4-Tc2s ro , ' . . :
(M I*)iQ i9 ,+ K 2SOi . . .

.5 .0 0  

.3 .9 0  

. 2 .So 
.5 .0 0  
.3 .3 5  
.2 .3 0  
.5 .0 0  
. 2 .5 0  
.4 .3 4  
.1 .7 5  
.2.01 
.2.01 
.2 .5 0  
.2 .4 1  
.1 .7 0

1 .1 7
0 .9 9
0.94
0 .9 9
1.10
0 .9 9
1.00
1 .03
1 .02
0 .05
1 .28
1.0S
1.00
0 .77
0 .7 3

—0.1S 
—0.21 
+0.0S

io.oo 
0.11 
0 .17  
+ 0 .1 4  

— 0.04  
—0.13 
+  0 .0S
4-0.33
- fo .ro
4 -0 .0 2
+ 0 .0 0
— 0.04

+0.01 
4-o.oi 
— 0 .0 3  

0.00 
— 0.04  
+0.01 
- - 0 .0 7  
- - 0.02 
- - 0 .0 4  

— 0.02 
— 0.21 
— 0 .03  0.00 
— 0.01 

0.00

M IX T U R E  OF T H R E E  S A L TS, O N E OF K N O W S  C O N CEN TRA TIO N  

A ND TW O  OF U N K N O W N  CO N C E N T R A T IO N —TllC method of 
calculation is best illustrated by an example.
C a l c u l a t i o n  o f  t h e  A m o u n t  o f  S o d i u m  C h l o r i d e  a n d  M a g n e s i u m  

S u l f a t e  i n  t h e  P r e s e n c e  o f  a  K n o w n  A m o u n t  o f  S o d i u m  
T i i i o s u l f a t e  

O b s e r v e d  D a t a :
S p ec ific  g r a v i ty ,  2 0 ° / 4 ° ...................................................................... 1.0130(5
Im m e rs io n  r e f r a c to m e te r  r e a d in g  o f  m i x t u r e .................... 4 0 .9 2
Im m e rs io n  r e f r a c to m e te r  r e a d in g  o f  w a t e r ............................ 14 .4 9
C o n c e n tr a t io n  Of s o d iu m  th i o s u l f a te ,  p e r  c e n t ...................  2 .04

T h e  p e r c e n ta g e  o f  th e  s a l t  o f  k n o w n  c o n c e n t r a t io n  d iv id e d  by  I ts  
r e f r a c t i v e  in d e x  f a c t o r  ( T a b le  I I ) ,

2 .04
 =  1 0 .0 8
0.191

g iv e s  in  te rm s  o f  s c a le  d iv i s io n s  th e  e f fe c t o n  th e  r e f r a c t iv e  in d e x  
d u e  to  th e  s a l t .  T h i s  v a lu e  s u b t r a c t e d  f ro m  th e  o b s e rv e d  r e f r a c t iv e  
in d e x ,

4 0 .9 2  —  10.CS =: 30 .2 4  
y ie ld s  a  v a lu e  e q u iv a le n t  to  th e  r e a d i n g  o f  a  s o lu t io n  c o n ta in in g  
o n ly  th e  tw o  u n k n o w n  s a l t s  in  th e  s a m e  r a t i o  a n d  c o n c e n t r a t io n  a s  
th e y  o c c u r  in  th e  a b o v e  m ix tu r e .

T h e  p e r c e n ta g e  o f  th e  s a l t  o f  k n o w n  c o n c e n t r a t io n  m u l t ip l ie d  by 
i t s  sp ec ific  g r a v i ty  f a c t o r  ( T a b le  V ) ,

2 .0 4  X  0 .0 0 7 9 1  =  0 .0 1 0 2 4  
g iv e s  I t s  e f fe c t u p o n  th e  sp ec iflc  g r a v i ty .  T h i s  v a l u e  s u b t r a c te d  
f ro m  th e  o b s e rv e d  sp ec iflc  g r a v i ty ,

1 .0 4 3 6 8  —  0 .0 1 0 2 4  jfer 1 .0 2 7 4 2  
g iv e s  th e  g r a v i ty  o f  th e  m ix tu r e  a s  i t  w o u ld  be p ro v id e d  th e  s a l t  
o f  k n o w n  c o n c e n tr a t io n  w e re  n o t  p r e s e n t .

U s in g  th e  c a lc u la te d  f ig u re s  ( r e f r a c t iv e  in d e x , 3 0 .2 4  a n d  sp . g r . 
1 .0 2 7 4 2 ) , th e  p e r c e n ta g e  o f  th e  tw o  s a l t s  o f  u n k n o w n  c o n c e n t r a t io n  
c a n  be c a lc u la te d  In  th e  m a n n e r  i l l u s t r a t e d  f o r  a  m ix tu r e  o f  tw o  
s a l t s ,  b o th  o f  u n k n o w n  c o n c e n tr a t io n .

The above method was employed by the author in analyz
ing the soluble portion of some “ egg laying ” tablets, which 
consisted of potassium chroinate, sodium chloride, and mag
nesium sulfate. Another example of the application of this 
method was a stock tonic which consisted of sodium chloride, 
sodium thiosulfate, and magnesium sulfate. Table V II  
gives a summary of several determinations made by the 
above method. The range of concentration of the com
ponents is shown, as well as the maximum and minimum 
variation of the results from the truth.

T a b l e  V II
C o m b in a t io n s  o f  S a l t s  

U se d , th e  Q u a n t i ty  o f  th e  R a n g e  o f  C oncen*
F i r s t  S a l t  N a m e d  B e in g  t r a t i o n  o f  Corn- 

K n o w n  in  E a c h  C ase  p o n e n ts

D if fe re n c e  B e tw e e n  
C o n c e n tr a t i o n  F o u n d  

a n d  t h a t  K n o w n  
to  B e  P r e s e n t

M ax . M in . M ax . 
P e r  r e n t  

+ 0 .1 4  
— 0.09 
— 0 .15  
4 -0 .1 4  
4 -0 .1 4

M in . 
P e r  c e n t  

4 -0 .0 5  
4 - 0.02 
—0.11 
4-0.01
+ 0 .0 4

P e r  c e n t  P e r  c e n t  
N j 034"N«i C I4 * ^ 1 . . . . . . 2 . 1  < 0 .92
N a2S 20 34 -N a C 1 4 -K I  ...................... 2 .4 1  0.C1
N a C 1 4 -M g S 0 44 -K 2C r0 *  ...............2 .3 0  1 .15
A g N O s4 -K N 0 *4“ K C l0 8 ................3 .0 0  0 .09
M n C l24 -B a C l24 -C a C l2 .................. 2 .4 9  1.04

The statement has been made earlier in this paper that 
the methods described are very rap id ; consequently some 
statement of the time consumed by an analysis might be 
of value. A brief statement is given to show the average 
working time for the methods described in this paper, not 
including, however, time consumed by any volumetric or 
gravimetric determinations necessary to determine the con
centration of the salt assumed to be known before the 
methods described are applicable. No account is taken of 
the time necessary to bring the solutions to constant tem
perature, as this requires little or no attention from  the 
analyst. The estimation includes time consumed in calcula
tion. In  any case where only the refractive index is desired 
the time consumed should not exceed 10 min. When both 
the refractive index and specific gravity are to be deter
mined, the time should not exceed 25 min. Both of these 
estimates are liberal, and the probabilities are that still less 
time than that stated would be sufficient.

S u m m a r y

Methods have been worked out fo r determining the per
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cent by volume (g. per 100 ce. of solution) of salts in 
aqueous solution by the aid of the immersion refractometer. 
The methods are applicable to single salts; mixtures o f two 
salts, one of known and one of unknown concentration; 
mixtures of two salts, both of unknown concentration; mix
tures of three salts, one of known and two of unknown 
concentration.

The per cent by volume of salt in aqueous solution neces
sary to cause a change of one scale division on the immer
sion refractom eter has been worked out fo r several salts.

The effect of 1 per cent by volume of salt upon the 
density of an aqueous solution at 20°C. was determined for 
several salts.

Influence of Certain Organic Accelerators on Vulcanization of Rubber1
By George Stafford Whitby and Osman James Walker

M cG  l l  U s  VBH9 t t ,  M o n t r h a l ,  C a n a d a

The experiments recorded in  this paper refer to the in- 
fluence of 1 per cent of («) piperidine piperidyl-ditlriocar- 
bamate,1 (b ) hoxamethylenetetramine, and (c) thiocarbani- 
lide on the rate of vulcanization of a 90 :10 rubber-sulfur 
mix and on the tensile properties, vulcanization coefficients, 
and aging qualities of the vulcanizates produced.

The rubber employed was pale Hevea crepe. The stocks 
were sheeted out to a thickness of about three-sixteenths of 
an inch.’ Vulcanization was done in an oil bath provided 
with suitable stirring arrangements.4 The rubber was en
closed in a mold consisting of two steel plates, the upper 
plate being 0.5 in., and the lower one, which contained a 
cavity fo r the reception of the rubber slab, being 0.S in. 
thick. The upper and lower parts  of the mold were fastened 
together by means of ten bolts and nuts, a  thin gasket of 
lead foil and a small amount of a litharge-glycerol paste 
being used to secure oil-tightness. In  order to allow for 
the heating np of the mold, the oil was raised, before the 
mold was introduced, to a tem perature 20° above that at 
which it was desired to carry out the vulcanization.

A fter vulcanization, two dumb-bell test pieces were cut 
from each slab. One of these pieces was subjected to a ten
sile test a fte r  3 days and the other 7 mo. later. F o r carry
ing out the tensile tests, sliding steel wedge-shaped grips, 
short enough to allow of the ends of the test piece p ro 
jecting beyond the grips, were employed.1 The dead weight 
method was used fo r applying the load. The loading was 
done in a uniform manner, measurements o f elongation 
being made, on gage lines,’ a t definite intervals. Stress- 
strain curves were plotted.

The results obtained are shown in the accompanying 
tables and figures. The main series of vulcanizations on 
each mix was done a t 141° (40 lb. steam ). In  the case of 
the control mix and of the mixes containing hexamethylene- 
tetramine and thiocaxbanilide, respectively, vulcanizations 
were also carried out at a higher tem perature, viz., 148° 
(50 lb. steam ). In  the case of the mix containing the 
piperidine salt, a  second series of vulcanizations was carried 
out at a lower temperature, viz., 130° (25 lb. steam ), the 
rate  of vulcanization being too high to allow of accurate 
experiments a t 14S°.

P „  represents the breaking stress in lb. per sq. in.; L B 
the percentage length a t  break; P R X ^ n  /100, the tensile

1 P resen tod  before tho  R u b b e r  D ivision  a t  th e  G ist M eeting  o ! th e  A m eri
can  C hem icnt S ocie ty , R o ch este r, N . Y ., A pril 26 to  29, 1921.

* I n  th e  p rep a ra tio n  of th is  com pound  th e  p iperid ine  can  conven ien tly  be 
app lied  in  th e  fo rm  of a n  aqueous so lu tion .

» T ho  a u th o rs  a re  m uch in d eb ted  to  M r . TV. B . W iegand  fo r m ak ing  the  
mixings.

* T h e  oil used  w as a lig h t eng ine o il know n in  th o  S ta n d a rd  Oil sy stem  as  
Z one Oil.

1 Cf. G . S taffo rd  W h itb y , " P la n ta tio n  R u b b e r  a n d  th e  T estin g  of R u b b e r,"  
IQ20, 261, L ongm ans.

* In  o rder to  o b ta in  those lines  fine th e y  w ere d raw n  w hile tho  ru b b e r  w as 
s tre tch ed  to  tw ice its  len g th . A fter h is  s tre tch in g  th e  ru b b e r  w as allow ed to  
re s t  for som e tim e before bein g  te sted .

product divided by 100, i. e., the breaking stress referred to 
the cross section at failure, 011 the assumption that the 
volume remains unchanged; L,.0, the percentage length at 
a load of 750 lb. per sq. in.; V. C., the vulcanization coeffi
cient.

The stress-strain curves are shown only from a point 
corresponding to a length of about 400 per cent, as the 
later portion of the curve is the portion which can be de
termined most accurately and is all that is necessary in 
order to obtain the desired inform ation as to relative rate 
of curve, breaking points, ete. The curves referring  to ten
sile tests made 3 days afte r vulcanization are drawn with 
unbroken lines; those referring to tensile tests made after 
aging 7 mo. with broken lines. L:„ form s a convenient 
reference point, the figures corresponding to which enable 
the relative positions of curves corresponding to different 
periods of vulcanization and the shifting of the curves 011 

aging to be read easily.
•

T a b l e  I .— C o n t r o l  (0 0  f a r t s  r ü b b f . r : 10  p a r t s  s u l f u r ) .
A f te r  A g in g  7 m os.

T i m e , P  
M i n .  b

P  X I,T» ^  TJ
100

v. c. r  p  X L  T
r'B _2jîLn L»o V.C 

100

A t  1 4 1 °
A 1 2 0  8 7 5  0 7 0  S 4S7  051  2 .27  A ' 10-40 0 3 0  0 0 7 2  8 S8 2.58
1! 1 50  11G0 0 3 0  1 0 7 8 S  S6 G 3 .2 7  IT  1 2 8 5  8 8 0 1 1 3 3 5  8 1 3  3.59
C ISO  12 0 0  8 7 5  1 1 2 S 8  S 00  4 .31  C ' 1 2 8 0  S 27  105S 5  7 54  4.20
D  2 1 0  B r i t t l e  (b ro k e  a t  150  lb / s q .  4 .9 7  

in .)
A t 14 8 °

E  75  9 3 0  0 5 0  8 8 3 5  0 1 3  2 .0 7  E ' 1 0 7 0  8 0 5  0 5 7 0  8 3 0  3.23
F  00  12 5 1  S S 0  1 1 0 0 S  S 02  4.41

T a b l e  I I . — C o n t r o l 1 p e r  c e n t  p i p e r i d i n e  p i f e r i d y l - d i t h i o -  
c a r b a m a t e )

A f t e r  A g in g  7 m os.

M in . P I. P  X L
B B 

100

L A'. C. P I. P B X Lb I. v  c .
T i m e , B no  

A t  141
B » 100 ™

G 10 112 5 0 1 3 10271 8 4 8 l.S S O ’ 150 0  8 7 8  1 3 1 7 0  770  2.03
II 15 1 2 2 0 003 11 0 1 7 S27 2 .0 0 I I '  1457  8 5 3  1 2 4 2 8  7 45  2.43
I 1 7 .5 1 3 1 5 S 70 1 1 4 4 0 705 2 .7 0 1’1420  S 1 5  1 1 5 7 0  7 30  2.01
J 2 2 .5 152 5 83 0 1 2 7 0 0 744 3 .0 5 .1' 1S 03 8 0 5  1 4 5 1 0  0S3 4.00
K 25 1 8 7 0 S45 15801 T'J:; 3 .72 K ' 1S41 7 85  1 4 4 5 2  001  4.15
L 30 1S2G S24 15047 702 

A t  130

4 .4 0 1 /  1 7 3 8  751  13 0 5 3  034 4.73

M 45 1201 0 0 2 1 1 6 4 4 8 3 0 2 .0 0  M ' 13 0 2  872  1 1 3 5 3  70S  2.S0
N CO 165 7 874 14481 770 3 .0 0 N ' 1 0 7 2  8 3 3  1 3 0 7 8  740 3.55
O 75 10S 7 S2 0 13834 7 23 3 .7 3 O ' 1 7 6 0  S04 1 4 2 2 4  000  4.33
P 00 1054 SOO 1 3 2 3 2 7 0 0 4 .50 P '  2 0 4 0  S 03  163S1 0 0 6  5.10

T a b l e  I I I . —  ( C o n t r o l  - f -  1  p k r  c e n t ,  h e x a m e t h y l e n e t e t r a s i i n e )

T i m e ,
M i n .

P  X I,
n n

100
V. c.

A f te r  A g in g  

P  L

A t  1 4 1 °
Q 30 7 45 9 4 0 700 0 9 4 0  3 .64
R GO 114 8 9 5 9 1 1 0 1 0 9 1 0  4 .7 6
S 75 1 0 7 0 9 2 8 99 2 9 884 5 .28 S ' 1 2 9 2 S S 0 11370 SOS
T 90 131 2 9 3 5 1 2 2 6 7 8 7 3  5 .41 T ' 12 9 0 8 8 0 1 1352 SOS
U 1 05 1 3 3 0 9 2 5 12 3 0 2 8 6 2  5 .6 9 U ' 1 3 6 2 8 6 5 11781 7S6
V 120 13 3 6 9 1 0 1215S 8 4 4  5 .7 9 V ' 1 4 4 0 8 0 7 12 4 8 5 77S

A t 14 8 °
w 30 10S 7 9 70 10 5 4 4 9 1 6  4 .71
X 45 15 2 3 9G0 14621 •SSO 5 .32 X ' 1 5 0 0 SS 0 1 3 2 0 0 790
Y 6 0 1 4 1 3 9 0 0 12 7 1 7 S 23  6 .07 X ' 13 5 0 S 35 11272 749
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T a b l e  IV.— (Cosxitor. +  1 p e k CENT. TH ocaebanilide) 
A f te r  A g in g  7 inos .

T i m e .
Min.

I  120  
I I  1 50

III  ISO
IV  105  

V 2 1 0

V I 75  
V I I  00  

V I I I  105 
IX  120

T P XL^ B A B
® 100

0S 0  9 2 0  025 0
10 5 0  9 3 7  983 0
127-1 9 1 0  1 1 0 9 3
1 2 7 0  8 0 8  11 0 2 4
B r i t t l e  ( b r o k e  a t  

lb / s q . i u . )

9 4 0  9 3 5  87 S 0
1118  8 0 0  995 0
1 2 7 0  8 5 0  1 0 7 0 0

V. C.

A t 1 4 1 °
(9 3 0 )  a, 
SOI 3. 
8 1 9  4.
791  5.
2S 5  0.

A t 1 4 8 ” 
901  3.
8 3 4  4,
773  5.

.08
1 IS 
87 
21
02

P L PB XLd L „ „ ,H

1 ' G80 8 0 0  5 4 8 8 (8 1 3 )
I I '  1 2 4 3  8 5 0  1 0 0 4 0  7 8 0
I I I ’ 1 3 9 0  8 47  11 7 7 4  754
I V ' 1 1 2 6  8 0 0  909S  737
V ' B r i t t l e  b ro k e  a t  2 28  

ID /s q .in .)

41  V I ' 1 1 1 9  S 7 8  9 8 2 4  S21
53  V I I '  1 4 8 5  8 0 0  1 2 7 4 0  7 00
21  V I I I '  127 2  7 7 0  9 5 0 3  700
,5S I X ' B r i t t l e  ( b ro k e  a t  2 4 0

Ib / s q . in . )

D is c u s s io n  o f  R e s u l t s  

c o n t r o l— The optimum cure at 141° is obtained at about 
180 min. The maximal tensile strength shown by the rubber 
is lower than that usually shown in tests with first latex rub
ber, probably owing, in p a rt a t least, to the circumstance 
that the cross section of the test pieces used (%  x 3/1G in.) 
was greater than usual. On aging the vulcanizates, the 
breaking points, the position of the stress-strain curves, 
and the magnitude of the vulcanization coefficients alter in 
a normal manner. The downward movement of the stress- 
strain curve on aging appears to be noticeably slower than 
that found by de Vries and Hellendoorn1 in aging experi
ments a t tropical temperatures with rubber samples cured, 
with 7.5 per cent of sulfur, a t 148°.

Comparing vulcanization at 148° with vulcanization at 
141°, it may be noticed that the curve for F  (90 min. at 
148°) is almost coincident with tha t fo r C (180 min. at 
141°), showing that an increase in tem perature of 7° 
roughly double: the rate of vulcanization.

F ig . 1— V u l c a n iz a t io n  o f  C o n t r o l  (9 0  R u b b e r  : 10 S u l f u r ) a t  141°  
AND AT 148°

p i p e r id in e  p ip e r id y l -d it h io c a r u a m a t e . Rate o f Cure— 
The optimum period of cure a t 141° may bo considered as 
being 25 min. Hence the “ acceleration factor ” 1 of the 
piperidine salt may be considered as 180/25, i. e., 7. Com
parison of the vulcanization results a t 130° with the re
sults fo r the control a t 148° shows that 1 per cent o f the 
piperidine salt leads to vulcanization in a shorter period 
of time at 130° (25 11). steam) than in its absence is re
quired at 148° (50 lb. steam ). (The optimum time a t 130° 
may be taken as 75 min.).

Tonsil Properties—The accelerator has an important 
effect in increasing the tenacity developed by the rubber on 
vulcanization, the maximal breaking stress developed (1S70 
lb. per sq. in.) being 45 per cent greater than that de
veloped by the control (1270 lb. per sq. in.). The accelera
tor, however, reduces the extensibility. I t  has the further

1 A r c h . R u b b e n u J tu u r ,  4 . l i )2 0 ,  4 20 .
1 C o m p a re  T w is s  a n d  B r a z ie r ,  J . S o c . C h o n .  I n d . ,  39 , 1 9 -0 ,  12o .

F ig . 2— V u l c a n iz a t io n  w it h  1 p e r  c e n t  P ip e r id in e  P ip e r id y l -D it i i io -
CARBAMATE AT 141° AND AT ISO®

effect of bringing the optimum stress-strain curve into a 
lower position on the paper, L ;.,  being 7 2 3  in the presence 
of the accelerator and S00 in its absence. These note
worthy effects of the accelerator, leading to a  lower but 
longer stress-strain curve, may readily be seen by compar
ing Curve K , Fig. 2, with Curve C, Fig. 1.

Coefficient o f Vulcanization—The vulcanization coellicient 
at the optimum cure is somewhat reduced by the accelerator 
(3.72:4.31).

Aging—The aging qualities of vulcanizates prepared with 
the aid of the accelerator appear to be normal. They do 
not differ in any essential respect from  those of the control 
or from those of rubber-sulfur vulcanizates in general as 
studied by deVries and Ilellendoorn.1 There is no evi
dence of the use of this vigorous accelerator leading to rapid 
deterioration. The curves move in a  normal manner, and, 
if  anything, at a  slower rate than in the case of the control. 
In  all cases L B falls; Pjj shows no serious falling off, and, 
in cures short of the optimum, it rises.

I t  is of interest to compare the effects of piperidine 
piperidvl-dithiocarbamatc with those of other powerful 
accelerators fo r which data have been published. The 
dithiocarbamate prepared from piperidine, when tested in 
a mix containing rubber and sulfur only, is by no means 
as powerful as Cranor’s results* show the corresponding 
compound prepared from dimethylamine to be when tested 
in a mix containing zinc oxide in addition to rubber and 
sulfur. Quite possibly, however, the piperidine compound 
would prove to be similar to the dimethylamine compound 
in its degree of activity if  it were tested in the presence of 
zinc oxide. The results obtained with the piperidine com
pound in the absence of zinc oxide agree with the results 
obtained by Cranor with the dimethylamine compound in 
the presence of zinc oxide in the following respects: In
both cases the accelerator raises the maximal breaking 
stress attainable, and this maximum corresponds to a lower 
stress-strain curve. They differ in the following respects: 
(1) According to Cranor’s data, the dimethylamine com
pound does not reduce the ultim ate elongation; (2) where
as the vulcanization coefficient at the optimum cure is very 
greatly reduced by the presence of the dimethylamine com
pound, it is reduced only to a comparatively small extent 
by the piperidine compound. This last difference is not 
unexpected, in view of the much greater degree of activity 
of the former compound when used in the presence of zinc 
oxide.

The piperidine salt has almost exactly the same degree
• r . o c .  d t .
- I n d ia  R u b b er  W orld ,  1 9 1 9 ,  1 3 7 .
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F ig . 3— V u l c a n iz a t io n  w it h  1 t e r  c e n t  H e x a m e t h y l e n e t e t r a m in e  
a t  141° AND AT 148°

of activity as aldehyde ammonia—an accelerator which has 
been extensively tested in a  simple rubber-sulfur mix by 
Twiss and Brazier.1 These authors give the “ acceleration 
factor ” of aldehyde ammonia as 7.5. A comparison of the 
effects of the piperidine salt and of aldelr’de ammonia 
shows the following:

1—The cfTect on the ■vulcanization coefficient at the optimum 
cure is of the same order, a reduction, but not a very great one, 
being noticeable.

2—The effect on the position of the stress-strain curve and on 
the ultimate elongation a t the optimum cure is similar, the curve 
lying lower and Lb being smaller than with the controls, although 
the effect of aldehyde ammonia in these respects is not quite so 
marked as that of the piperidine salt.

3—The piperidine salt appears to have a marked advantage 
over aldehyde ammonia in regard to the tensile strength of the 
vulcanizatcs; for, whereas the former greatly enhances the max
imal tensile strength, the latter increases it only a little.

H E X A M E T H Y iiE N E T JE T R A su ite . Hate o f Cure— In  these ex
periments hexamethylenetetramine appears as only a very 
mild accelerator; the rate of cure at 141° being only a little 
more than 1.5 times the rate  shown by the control (say, 180: 

.105-120).
Tensile Properties— The ultimate elongation (L B ) shown 

by the rubber a t the optimum cure is increased. The curve 
corresponding to the optimum cure is higher in the presence 
than in the absence of the accelerator by a length of about 
50 per cent. The most striking effect o f the accelerator on 
the tensile properties is to be seen in the slowness with 
which the tensile properties of the vulcanizates change over 
a rather wide range of curing intervals The tensile 
strength, the ultimate elongation, and, as m ay be seen by 
a-glafice at Fig. 3, the position of the stress-strain curve, 
change only remarkably slowly. Whereas, ii> the case of 
the control, a reduction of one-third in the time of cure 
below the optimum (from 180 to 120 min.) shifts the curve 
(L ..J  by 150 per cent, a  similar reduction (from  120 to 90 
min.) in the case of the mix containing hexamethylene
tetramine shifts the curve only 29 per cent. Hence it would 
appear that the addition of hexamethylenetetramine to a 
pure gum stock has the effect of enabling the period of 
vulcanization to be varied over a comparatively wide range 
without much change occurring in the tensile properties 
o f the resulting vulcanizates.

The maximal tensile strength developed is slightly, but 
not, as with piperidine piperidyl-dithiocarbamate, strik
ingly, greater than tha t developed by the control.

These conclusions as to the effect of hexamethylene
tetramine on the tensile properties o f rubber-sulfur vul- 
eanizates are in general agreement with conclusions indi-

T Loc. cit.

cated by data published by Twiss and Howson1 fo r the same 
accelerator. These authors, too, find the tensile strength 
maximum to be ilat. They also find the position of the 
stress-strain curve (indicated by the length at 0.5 kg. per 
sq. mm.) to change more slowly in  the presence than in 
the absence of the accelerator; although the difference is 
not so marked as in the present experiments. The results 
of Twiss and Howson show hexamethylenetetramine to be 
considerably more active in the presence of zinc oxide than 
in its absence, 1 per cent in the presence of zinc oxide hav
ing an acceleration factor o f ra ther more than 2.“ They 
also show that the llatness which is characteristic of the 
tensile strength maximum when the accelerator is used in 
the absence of zinc oxide is no longer to be seen when zinc 
oxide accompanies the accelerator.

Vulcanization Coefficient—Although hexamethylenetetra
mine accelerates the rate at w’liich the optimum cure (as 
judged by tensile properties) is reached, it increases the 
amount of su lfur in combination at this cure. W hether this 
effect is due to the production of an acetone-insoluble mate
rial from the accelerator and sulfur cannot be said.

Aging—The vulcanizates prepared with hexamethylene
tetramine behave normally during the aging period.

Comparison o f the Effects o f Piperidine Piperidyl-dithio
carbamate and Hexamethylenetetramine—The effects of 
these accelerators present a noteworthy contrast, which 
shows clearly how different properties may be conferred 
upon rubber by the use of different accelerators.

1—'Whereas the piperidine salt diminishes the extensibility of 
the rubber, hexamethylenetetramine increases it. Further, the 
latter accelerator makes the rubber comparatively insensitive to 
changes in the time of vulcanization from the time giving the 
optimum cure, whereas the former accelerator has no such in
fluence in altering the sensitiveness of the rubber to change in the 
vulcanization period.

2—Whereas the piperidine salt has a marked effect in increas
ing the tensile strength developed, hexamethylenetetramine has 
little or no such favorable effect.

3—Whereas use of the piperidine salt results in a reduction 
in the vulcanization coefficient at the optimum cure, hexamethyl
enetetramine results in an increase.

(_

F i g . 4— V u l c a n i z a t i o n  w i t h  1 p e r  c e n t  T i i i o c a r b a n i l i d e  a t  141° 
a n d  a t  148°

t i i i o c a r b a n i l i d e —A comparison of the results for the 
mix containing thioearbanilide with those for the control 
shows that, both fo r vulcanizations at 141° and for those 
at 148°, the form er results are substantially similar to the 
latter, as regards tensile properties. Hence, with respect

' J . S o .  Chem. In d ., 39  (1920), 2S7i; C f. also T w iss and  B razier, Ib id ., 131t.
*C f. also C ra n o r , Lee. cit. C ra n o r’s  resu lts  w ith  hexsnicthlene-tf'tram iD C 

also show  th e  a c ce le ra to r to  be m ore ac tiv e  in  th e  presence o f zinc oxide than  
w as found b y  T w iss  a n d  H ow son or  in  th e  p resen t experim en ts to  be in  the 
absence of the  ox ide . T h e y  also in d ica te  t h a t  in  th e  presence of zinc oxide 
th e  accele ra to r lead s  to  ce ra tin  irregu larities  in  th e  m a n n e r in  w hich th e  stress 
s tra in  cu rv e  sh if ts  o n  con tinued  v u lcan iza tion  T h ese  irreg u la ritie s  have been 
exam ined  m ore closely by  T w iss  a n d  H ow son. {Loc. cit.)
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to tensile properties, thiocarbanilide is without accelerating 
effect. The presence of thiocarbonilide in the pure gum 
stock in  question leads, however, to some increase in  the 
combined sulfur, the vulcanization coefficient a t the 180- 
min. cure being raised from  4.31 to 4.87. This is in accord 
with results of K ratz , Flower and Shapiro.1 I t  is possible 
that the apparent increase in the vulcanization coefficient 
is due to the formation of acetone-insoluble products as a 
result of interaction between sulfur, thiocarbanilide or its 
decomposition products, arid, possibly, caoutchouc.

The tliiocarbanilide is without effect on aging.

S u m m a r y

1—In  a simple rubber-sulfur mix piperidine piperidvl- 
dithiocarbamate is a comparatively powerful, and liexa- 
methylenetetramine a weak, accelerator, 1 per cent reducing 
the time of optimum cure to one-seventh and to two-thirds, 
respectively, of the time required in the absence of the ac
celerator.

2—These two accelerators present a notable contrast in 
their effects on the tensile properties of the rubber. The 
piperidine salt greatly enhances the tensile strength which 
can be developed; it leads to a smaller ultimate elongation 
and a lower position of the stress-strain curve (strains as 
ordinates) at the optimum cure. Hexamethylenetetramine 
enhances the tensile strength only a little; it leads to a 
greater ultimate elongation and a higher position of the 
stress-strain curve at the optimum cure; it also has the 
effect of causing the tensile properties to change with ex

ceptional slowness with change in the length of the vul
canization period.

3—The piperidine salt reduces somewhat, whereas hexa
methylenetetramine increases somewhat, the coefficient of 
vulcanization at the optimum cure.

4—In  the absence of zinc oxide, thiocarbanilide is with
out accelerating effect on the vulcanization, considered with 
respect to tensile properties. I t  increases somewhat the 
vulcanization coefficient a t the optimum cure.

5—In an aging te s t of 7 mo.’ duration, pure gum vul- 
canizates prepared with the aid of the accelerators in ques
tion are found to age normally.

A d d e n d u m .  Vulcanization tests which Mr. Arnold II. 
Smith has kindly carried out with m aterial supplied by the 
authors show that the presence of zinc oxide increases the 
accelerating activity of piperidine piperidyl-dithiocar- 
bamate very greatly over that found, in the absence of zinc 
oxide, in the experiments recorded above. In  a m ixture 
similar to that used above, but containing in addition 10 per 
cent of zinc oxide, the acceleration factor fo r 1 per cent of 
the piperidine compound is in the neighborhood of 200; 1 
mins. heating at 141" giving an over-cure, and a good cure 
being obtainable by 4 mins. heating a t a tem perature as low 
as 105° (3 lb. steam ).1

1 I t  i s  p r o p o s e d  t o  r e c o r d  m o r e  f u l l y  t h e  d a t a  r e l a t i v e  t o  t h e s e  t e s t s  
i n  t h e  C o r r e s p o n d e n c e  c o l u m n  o f  a  s u c c e e d i n g  i s s u e  o f  T h i s  J o u r n a l .

LABORATORY AND PLANT

A Combined Extractor, Reflux Condenser, Still and Autoclave2
By Alfred T. Shohl and Mathilde L. Koch

D e p a r t m e n t  o p  C h e m i c a l  H y g i e n e , S c h o o l  o p  H y g i e n e  a n d  P u b l i c  H e a l t h , J o h n s  H o p k i n s  U n i v e r s i t y , B a l t i m o r e , M a r y l a n d

the bottom entrance of the gage is a tinned tube, E, bent 
to reach nearly to the bottom so th a t the contained liquid 
may be syphoned off. Near the top are riveted three right- 
angled strips of metal, F , 0.5 in. wide and projecting 0.5

A good extraction apparatus to accommodate largo 
amounts of material a t a charge, an apparatus to make, 
absolute alcohol, and an autoclave were needed in the labora
tory. Because of limited funds available a single piece of 
apparatus was designed to meet these needs. In  use it 
proved to be not only more economical, but also more effi
cient in several respects than any available apparatus.

I t is a modification of an ordinary autoclave such as is 
used in sterilizing under pressure. A glass tube gage which 
is added shows the level of the contained fluid and has a 
charging funnel and a draw-off spigot. The autoclave is 
converted into a refluxing or extraction apparatus by un
screwing the blow-off valve and inserting the upright con
denser. The condenser is of such a type that, by changing 
its position, it may be converted into a condenser for a still.

The apparatus consists of six p arts : (1) The main body 
with lid, (2) extraction trays, (3) autoclave attachment, 
(4) a special fitting or stuffing box, (5) a connecting tube, 
and (6) a condenser with stand.

The main body (Fig, 1) o f the apparatus consists of a 
riveted copper cylinder to which is soldered a seamless cop
per bottom. A glass tube gage connects to the body above 
and below through two 3-way stopcocks, A and B, and also 
above with a charging funnel, C, and below with a draw- 
off spigot, I). Thus fluid can be drawn off and fresh fluid 
added while the apparatus is in operation. The inner sur
face of the main body is heavily tinned. Connecting with

1 T h  s  J o o n s .u , ,  12 (1921). 130.
2 Received A pril 29, 1921

FlG.2

F iglZ

PERFORATED COPPER 
B A S K E T S

in. from the side. These are in the same horizontal plane 
and equidistant and are the supports for tb t -action 
trays.

The extraction trays (Pig. 2) contain the i il to bo 
extracted. They may be either cylindrical o • aped.
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and are made of wire mesh or of tinned metal perforated 
with numerous small holes. The size of the holes depends 
on the nature of the material to be extracted. Three strips 
of metal converge from  the upper edge to the center, and 
at the union there is a knob which serves both as a handle 
to piek up the tray  and as a spreader to distribute the 
extracting fluid as it drops from  the condenser.

The lid of the apparatus is of cast brass. This lid is 
seated on the east brass ring  which forms the top of the 
main body by means of a ground joint. I t  is held in place 
by six toggle bolts with wing nuts. There are two threaded 
holes through the lid. The central hole carries the auto
clave attachment. The other is provided fo r a thermometer.

The autoclave attachment (Fig. 3) consists of a blow- 
off valve, G, which screws into hole 0 , and also, attached 
by riglit-angle side arms to the central tube carrying the 
blow-off valve, a safety valve, II, and a pressure gage, I. A 
special fitting or stuffing box (Fig, 4 ) ,  with ground joint, of 
the same size and thread as the blow-off valve, can be screwed 
in place of the blow-off valve when the apparatus is used 
as an extractor, still, or reflux condenser. The ground joint, 
J ,  of Fig. 4 is tapered and is female. In to  this nut fits 
a connecting tube. This connecting tube (Fig. 5) is of 
brass, lined with block tin. I t  has a ground male taper 
joint, K , a t oue end and a ground female taper joint, L, at 
the other, so that below it connects with the main body of 
the apparatus and above with the condenser.

The condenser (Fig. 6) is a block-tin, coiled pipe sur
rounded by a copper cylinder water jacket. One end of 
the pipe, M, extends a short distance below the condenser, 
while the other end, N, extends above the condenser in a 
rough semicircle. Both ends are tapered male ends. The

w ater jacket fits into a stand made of two bands of strap 
iron held together by and resting on three legs. The heat
ing is accomplished by gas or by an electric hot plate.

When the stand supporting the condenser is placed upon 
the lid of the main body, the legs of the stand interlock 
their feet with three of the wing nut clamps and thus hold 
the condenser in position. By inserting tube (Fig. 5), 
that is, fitting K  into J  and L into M, the apparatus is in 
position to be used as an extractor or as a reflux condenser.

When the condenser stand rests beside the apparatus with 
the upper end of the condensing tube N fitted into the 
tapering jo in t J ,  the apparatus is in position to be used 
as a still.

When the blow-off valve G is screwed into hole 0 , the 
apparatus is ready fo r use as an autoclave.

The apparatus is most satisfactory for the extraction of 
material either in the dry, powdered state or in the fresh, 
moist state, w ith the different fa t solvents or with water. 
W ithout removing or disturbing the material, the solvent 
can be drawn off and fresh solvent added fo r reextraction. 
Then without cooling the extract can be concentrated and 
the solvent recovered by distillation. Absolute alcohol can 
be made from ordinary alcohol by refluxing the alcohol over 
lime, and the absolute alcohol can then be distilled without 
exposure to the air. Extraction or distillation can be con
ducted under either positive or negative pressure.

The advantages of this apparatus are that it is easily 
set up and readily transported; it is easy to clean, and, 
above all, simple to operate. I ts  greatest value is that it 
allows a combination of procedures such as refluxing and 
distilling, o r extracting and distilling, in a single piece of 
apparatus.

Radiation Effects in Thermometry
By Clark S. Robinson]

D e p a r t m e n t  or C h e m i c a l  E n g i n e e r i n g ,  M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y , C a m b r i d g e , M a s s a c h u s e t t s

A thermometer, pyrometer, or other tem perature measur
ing device, when inserted in a gas fo r the purpose of meas
uring its temperature, does not, except under unusual con
ditions, record the true gas temperature, and the deviation 
may, in cases of high temperature, amount to several hun
dred degrees, and a t ordinary temperatures it may be as 
much as ten or more degrees.

I t  has long been known that heat is transm itted by radia
tion in a similar manner to light, and that i t  can be reflected, 
refracted, and absorbed. That different substances have 
different radiating as well as different absorbing powers 
has also been known, and as early as 1S14 Dr. William 
Charles Wells 2 perform ed many interesting experiments on 
these phenomena. However, while the effects of radiation 
on thermometer and pyrometer measurements of gas tem
peratures have been well known by physicists, i t  has not 
been common knowledge that thermometer or pyrometer 
measurements are subject to such deviations. Thousands 
of tests on furnaces, boilers, and the like have been made 

* by engineers, in which gas tem perature have been measured 
by the usual means, and furnace efficiencies calculated, 
when the temperatures thus measured may have been far 
from the.fact. I t  is the purpose of this article to explain 
how' true gas tem peratures may be calculated, and to give 
the results of some experiments made by H r. Goodman 
Mottelson in connection with his thesis on this subject a t 
the Massachusetts Institu te  o f Technology during the past 
year.

1 R e c e iv e d  J u n o  24 , 1921 .
J A n E s s a y  o n  D ew , L o n d o n , 1 0 1 4 . '

T h e  C a l c u l a t i o n  o p  T r u e  Gas T e m p e r a t u r e s

A thermometer or other tem perature measuring instru
ment, when introduced into a gas, tends to approach the 
tem perature of the gas. In  order to do this it must re
ceive heat, if  the gas is a t a higher temperature, or it must 
lose heat, if  the gas is a t a  lower temperature. This flow 
of heat to or from  the thermometer occurs in two ways, by 
conduction and convection between the gas and the ther
mometer, and by radiation between the thermometer and 
the surroundings, usually the walls of the chamber or flue. 
Imagine, fo r instance, a tube in a  fire-tube boiler, through 
which hot furnace gases are passing, giving up p art of 
their heat to the cooler walls of the tube. A pyrometer 
inserted in the tube, if  a t the gas temperature, would radi
ate heat to the cooler tube, which would lower the thermom
eter temperature. H eat would then flow into it from the 
gas, and when equilibrium was reached the pyrometer 
would be a t a tem perature sufficiently below gas tempera
ture, yet sufficiently above tube temperature, so that its 
loss of heat by radiation to the tube would ju s t compensate 
fo r the heat gained by conduction from the gas.

On the other hand, a thermometer inserted in the air 
between the tubes of a steam coil heater for air. where the 
heating tubes are hotter than the air. would indicate a 
tem perature between th a t of the air and that of the hot 
surfaces, the thermometer reading too high where in the 
former case i t  would read too low.

The rate o f flow of heat by conduction from the gas to 
the thermometer can be expressed by the equation
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J = / i 0A (T  —/,) (1)

where —=lieat flow per unit time 
0

hc — coefficient of heat transfer by conduction, expressed 
in suitable units, such as B.t.u. per °F. temperature 
difference between gas and thermometer per hr.

T  = air temperature, in °F. abs.
t, = thermometer temperature, in °F. abs.
A = area of surface thermometer through which heat is 

flowing.
The rate  of flow of heat by radiation from  the thermom

eter to the surrounding Avails can be expressed by the 
equation (in English units)

— = R jX0.102XA [ ( — ) * - ( — V I (2)0 LMOO/ MOU'' J
where It, = black body coefficient of material from which ther

mometer is made.
/„ = temperature of surrounding walls, in F. abs.

A t equilibrium Equations 1 and 2 are equal. Therefore,

<3)
From this equation it is possible to calculate the true gas 

temperature, T, from  the thermometer reading <», if the 
values of hc, R(, and tw are known.

The heat transfer coefficient, hc, can be calculated from 
the Beckett equation1 when the gas is moving under forced 
draft :

0.44 yo-H>»C;< (m -0.081)
>c~  —0.027)

where /i„ = B .t.u./hr./sq. ft. of heating surface/°F. difference 
V = lbs. of gas/sq. ft. of cross section of gas pass./sec. 
T=tem perature of gas in °F. abs.

Cp = specific heat of gas at constant pressure 
to = mean hydraulic radius of the gas passage in ft. 
M =  molecular weight, of the gas 

When the gas is moving under convection currents only, 
Equation 6 is to be used.

The black body coefficient (R<) fo r a number of sub
stances are given approxim ately in the following table:

S u b s t a n c e . R .
A b so lu te  b la c k  b o d y ................................................................................................  1 .0
H ig h ly  o x id iz e d  i r o n ................................................................................................  0 .0 0
P o lis h e d  c o p p e r ...............................................................................................O .O T toO .lO
O x id ized  c o p p e r  ........................................................................................................  0 .7 0
M onel m e ta l  ................................................................................................................  0 .06
G old, p o lis h e d  .............................................................................................................  0 .0 5
S ilv e r  p o l is h e d  ...........................................................................................................  0 .03
N iekef, p o l is h e d  ........................................................................................................  0 .3 5
P la t in u m  ...................................................................................................................... 0  24
G lass  .................................................................................................................................  0 .9 0

F or the wall temperature, tw, when the walls are incan
descent, the optical pyrometer may be used, or, for lower 
temperatures, thermocouples may be immersed in the wall 
surface. W here the wall tem perature cannot be measured, 
another method, to be described below, may be used.

E x a m p l e s

The following data were taken with a small electric 
furnace, 2-in. inside diameter, with the walls heated to ap 
proximately 725°C., as measured by an optical pyrometer. 
Thermometers were suspended ju st at the level of the open 
top of the furnace. Three thermometers were used, all of 
the usual mercury-in-glass laboratory type, and calibrated 
against each other. One of these was used as such, while 
the second had the bulb covered with a  tightly fitting, pol
ished silver shield, and the third was shielded with polished 
copper.

The following readings were made:
1 M. I .  T . T h e s i s  1 9 2 0 .

U n s h ie l d e d  
° C.
255
255201
2 5 5
2 03201
205
207
265
209

A v er. 2 6 1 .0

S il v e r  S h ie l d  
° C.
15S
162
102
1 58
100
161
102
1 05
103
102
1 0 1 .3

C o p rE ii S h ie l d  
° C.
179  
1 85  
185  
1 8 2  
181 
184  
1 7 8  
182  
177
180

1 8 1 .3

Any motion of the air about the thermometers was due 
in this case to convection currents alone.

Calling tt the tem perature of the unshielded thermometer, 
and ts that of the one with the silver shield, Equation 3 
may be written fo r each as follows:

Eliminating tw and solving for T

T _ ll'xaiia[ ( 4 ) - ( a ) ‘] +i:a --iA
It.

h '—hc
(5)

The value for hc may be calculated from  the formula 
(English Units)

A,=0.7 — —  (6)
aio

which is fo r use when the flow of gas by a  surface is due 
to convection currents only, Equation 4 being used for 
forced draft. In  this case A t is the difference in tem pera
ture between the hot walls and the thermometers, and must 
be calculated for each one separately. Under the conditions, 
Equation 5 must be rewritten, using hct for the value of hc 
fo r the unshielded thermometer and hca fo r the silver 
shielded one.

~ h „ - h „

R, = 0.03, R, = 0.90. (, = 261.6° C. = 963° F .a b s .,/ .=  
361.3° C. =783° F. abs.

-261.6) X I.8(725- 
Ä« = 0 .7 -f |-----

37c
- =  2 .9

, , (725-161.3)X l.8
/¡„ = 0 . /+ --------- —  =

3/o
3.4

•. T =

0.03
0.03X0.162 [(9.63)‘ —<7.S3)<] + —  X963X2.9—7S3X3.4 

0.03
o ^ - 9# ' 4

T = 772° F. abs. = lo o t C.
I t  will be noted that the silver thermometer under these 
conditions read G°C. too high, while the plain glass one read 
107°C. too high. The copper covered thermometer gave an 
intermediate reading, since its value of R< is between that 
of silver and glass, that is, 0.07 to 0.10.

Another experiment was made with the same electric 
furnace to show' the effect of various shields fo r thermom
eters.

U n s h ie ld e d
T h e rm o m e te r

“C.2" o 
2 81  
2 75  
2 79  
284

A v er. 278

S ilv e r  S h ie ld  
”C.
1 09
174
1 71
104
100
109

B la c k  
I r o n  S h ie ld  

°C.
3 1 3
3 10
3 1 6
3 1 2
3 1 0

3 1 5

G la s s  S h ie ld  
°C .
2 9 2
297
299
2 9 9
2 9 7

Ü 6
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2 90 2S2 272
291 2 8 0 2 60
2 9 0 293 260
293 284 2 63
292 293 263

291 2 SÖ 2 0 5

The shields were then removed, giving the following
readings, the thermometers remaining in practically the
same positions as before.

287  
2 77  
281  
281 
281

A v e r . 2 81
The following data were obtained in a heated galvanized 

pipe 12 in. in diameter, through which a warm mixture of 
air and burner gases was passing at the rate of 2.3 lbs. per 
sq. ft. of cross-section of the pipe per second.

S ilv o r  th e r m o m e te r  =  1 2 3 ,,t 1 2 6 ° , 1 2 4 °  C. A v e r . =  1 2 4 °  C.
P la i n  th e r m o m e te r  =  1 5 2 ° , 1 5 0 ° , 1 4 9 °  C . A v e r . =  1 5 0 °  C.

Using Equation 4, hc was found to be 3.0 in English units. 
0.44 X (2.3)°8 X (715)»-» X 0.24 X (0.2o -  0.0S 1)

(30)MX (0.25-0.027) 
using for T the value 715 obtained from the reading of the 
silver thermometer as being near the true temperature, a 
small error in this tem perature being negligible. Using 
Equation 5, i

K = - = 3.0

0.03X0.162

T = -

150X1.S+402 
100

0.03

y  / 125X1 -8+492 Y1! 0,
/ ~ V 100 t J +0

03 
1.90

X(762 — 715)X3.0

0.90-X 3 0 - 30  
T = 712° F. abs. —122 C.

In this ease, the silver thermometer read 2” C. too high, 
and the glass one 2S° too high.

Two thermometers, one silver and the other plain, were 
inserted in the intake manifold of a gasoline engine whose 
intake gases had been previously heated, and which were 
moving at a high velocity, 7.5 lbs. per sq. ft. per sec. Under 
these conditions, the value of hc was great enough nearly to 
overcome the effect of radiation, and the two thermometers 
read the same a t 60 °C.

Tests were made in a galvanized iron pipe 7 in. in diam
eter, in which burner gases containing some su lfur dioxide 
were flowing at the rate of 0.125 lbs. per sq. ft. per sec.

The silver became tarnished during the test, and its reading 
fell off somewhat, as is shown in the following tab le :
S ilv e r  ....................2 0 2  2 9 2  2 9 0  2 9 2  2 9 3  256  2 5 3  251  24S °C .
P la i n  ....................2 7 0  2 7 7  2 7 8  2 7 8  2 7 8  2 4 7  2 4 5  243  2 4 1 °C .
D if fe re n c e  ____ 10  15  1 2  14  10 9 8 8 7 ’ C.

The tarnished silver was then compared in a heated pipe 
with a thermometer shielded with polished wonel metal.

1S3 185  1 87

ISO 1 7 0  179

2 8 0  2 78  278

1S 9  1S9 192

1S 2  185  ISO

2SC 2 87  2SS

T a r n is h e d  s i l v e r ................. 18S  18S
A v e ra g e  =  1 S 8 °C .

M o n el m e ta l    ISO 1S5
A v e ra g e  - -  1 8 3 'C .

P la i n  g la s s  ............................ 2 7 0  274
A v e ra g e  — 2 8 1 °  C.

The silver shield was then polishetf and compared again
with monel metal, the gas velocity having changed.
P o lis h e d  s i lv e r ......................174 1 75  1 7 7  17S  177  17S  1 7 0  109

A v e ra g e  — 173  °C .
M o n e l m e ta l  ........................ 195  1 0 9  2 04  2 0 4  2 0 4  2 0 0  2 01  204

A v e ra g e  =  2 0 2  "C .
P la i n  g la s s  ............................ 283  2S 5  2 8 3  277  2 9 0  282  2 8 7  2S7

A v e ra g e  — 2 S 4 °C .

Conclusions

1——Thermometers fo r measuring gas temperatures must 
have their readings corrected fo r the effect of radiation to 
the surroundings.

2— F or measurements perm itting small errors, a silver 
shield will give fairly  close approxim ations if uncorrected. 
I t  is necessary, however, to correct the silver thermometer 
reading in order to get accurate temperatures.

3— F or corrosive gases monel metal can be used in place 
of silver, but the reading should be corrected except for 
very approximate work.

4— Where gas is moving a t very high velocity, any ther
mometer will read practically the true tem perature, the 
large deviations occurring where the gas velocities are very 
low.

5—Thermometers will read true gas tem perature exactly 
only when the surrounding walls are a t the same tempera
ture as the gas.
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ADDRESSES AND CONTRIBUTED ARTICLES
The Chemistry of Acenaphthene and Its Derivatives 1,2

By D orothy A. H ahn and H arriet E. Holmes
M r .  H o l t o k h  C o l l e g e ,  S o o t i i  H a d l e y ,  M a s s a c h u s e t t s

The purpo&e of this paper is to present an outline of the 
chemistry of acenaphthene, accompanied by a fairly  com
plete bibliography of the substance. Such an outline has 
not as yet been attempted, and it seems desirable because 
of the fact tha t it may serve to call attention to the many 
gaps which exist in the chemistry of this very interesting 
substance and thus may lead to a thorough and systematic 
investigation of its derivatives. In this connection it may 
be pointed out that within recent years methods for sep
arating acenaphthene from coal ta r have been perfected 
so th a t it is no longer the rare and expensive preparation 
which it was when the first systematic investigation of its 
derivatives was undertaken by C. Graebe3 and his co-

* R eceived  Ju n o  20, 1921.
• T h e  w ork  rep re sen ted  in  th e  com pila tion  of th is  m a te ria l w as dono in 

p a rtia l fu lfilm ent of th e  req u irem en ts  fo r the  dec ree  of M .A . a t  M t. H olyoke 
Collcgo. A cknow ledgm ent m u s t be m ade to  D r. G . C . B ailey , D irec to r of 
Orgllnic R esearch  a t  th e  R esea rch  L abo ra to ries  of T h e  B a rre t t  (Company, fo r 
the  suggestion  th a t  su ch  a  sum m ary  m igh t bo of va lue  a t  th is  tim e.

J C , G raebe, Ber.. 20 (18S7), 657; C . G raebe an d  E . G feller, Ber., 25 
! 1892), G52; A rm ., 376 (1893), 12; C . G raebe an d  J ,  Jcq u ie r, A nn ., 290 (1S96)‘ 
195; C . G raebe, A nn., 327 (1903),

workers in Germany and by T. Ewan and J. B. Cohen1 at 
nbout the same time in England. The research initiated by 
these men was neglected for a period of seven years, when
F. Sachs and G. Mosebach2 entered the field w ith the 
avowed purpose of systematically filling in the gaps in the 
chemistry of acenaphthene. These investigators point out 
in the introduction to their second paper tha t the extreme 
meagerness of the information which exists in regard to the 
chemistry of acenaphthene is very surprising in view of the 
fact tha t the chemistry of napthalene, to which it is so 
closely related, has been brought to a state of dazzling com
pleteness. The very fact that so many derivatives of naph
thalene have been prepared and their constitution exactly 
determined Is, however, of the greatest importance for the 
future development of acenaphthene chemistry. This fact 
will be referred to again later in this paper, but a t the 
present time it need only be pointed out tha t by the appli-

1 J .  Chem. Soc., 55 (1SS9), 57S.
* Bcr.t 43 (1910), 2473; 44 (1911), 2S52.
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cation of a method developed by Graebe1 in 1903, derivatives 
of acenaphthene may be readily transform ed into the cor
responding derivatives of naphthalene, thus affording a 
direct and easy method for the definite identification of 
new compounds.

The practical aspects of the chemistry of acenaphthene 
have also been emphasized by Sachs and Mosebach, who 
call attention to the fact tha t the recent discovery of such 
taluable dyes as Ciba Scarlet G,3 Thioindigo Scarlet 2G,3 
and Ciba lied IT make a  thorough investigation of the sub
stitution products of acenaphthene increasingly desirable. 
Unfortunately the task which Sachs and Mosebach set for 
themselves lias only been begun, and the investigation even 
of those substances which have been described has not been 
completed.

In summary it may be said tha t this field offers consid
erable attraction for research since the orientation of new 
derivatives may be readily elucidated and since acenaph
thene itself is now available in the United States.5 The 
present article alms to present the chemistry of the hydro
carbon in such a way as to emphasize the many gaps 
which exist in the literature relating to acenaphthene and 
its derivatives in the hope tha t a realization of the vast 
amount of work still to be done may stim ulate American 
chemists to further research in this field.

O u t l i n e  o f  T r e a t m e n t  o f  S u b j e c t

The various topics to be considered will be arranged In 
the following order: The discovery of acenaphthene and 
its relation to acenaphthylene will first be described. The 
hydrogenation, pyrogenic syntheses, the thermo- and photo
chemical transform ations of the substance, and its various 
addition products will then be reviewed briefly. This will 
be followed by a few general remarks in regard to the con
stitution of acenaphthene, acenaphthylene, and some of 
the more important oxidation products which have been 
obtained from these substances. The possibilities of isomer
ism among the substitution products of acenaphthene will 
be considered, together with methods for identifying the 
different compounds according to the general method devel
oped by Graebe. A systematic study of the halogen, nitro, 
amino, hydroxy, and sulfonic acid derivatives of acenaph
thene will follow. Finally a careful analysis of methods 
of oxidation and a systematic review of the various prod
ucts of oxidation will be attempted. The chemical prop
erties and commercial applications of these substances will 
be considered in some detail, and in all cases where patents 
have been issued the fact will be noted. In this connection 
acknowledgment m u sb te  made to  The B arre tt Company lor 
their courtesy in allowing the use of abstracts covering all 
patenls mentioned in this paper.

Methods have been developed for the synthesis of sub
stituted acenaphthenes,0 but the products which have been 
obtained in this way will not be considered in the present 
survey of the chemistry of acenaphthene.

D is c o v e r y  o f  A c e n a p h t h e n e  a n d  I t s  R e l a t i o n  t o  

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

Acenaphthene, Cl:H 10, was discovered by Berthelot, who
1 .Inn ., 327 (1903), 77.

2 C iba S carlc t G , B as le r chem ischen F a b r ik , D .R .P ., 205,377.

3 Thioindigo sca rle t 2G , K alle  an d  Co.

4 C iba R ed  R , M .L .B .
5 A cenaph thene m a y  b e  o b ta in ed  in  sm all lo ts  fo r research  purposes b y  

application to  th e  R esearch  D e p a r tm e n t of T h e  B a rre t t  C om pany .
6 C om pare C . G raebe, ‘‘T h e  S yn thesis  of S u b s titu te d  A cenaph ty lenes,"  

■A""., 327 (1903). 77; E . B cschke, A n n ., 369 (1909), 157, 184; M . F reu n d  and  
K- F leischer, “ S yn thesis  oi the  H igher In d nnd iones,"  A nn ., 373 (1910), 291; 
3 »  (1913), 182; 402 (1913), 51; C . G raebe, A n n ., 327 (1913), 77.

succeeded in isolating it from coal tar,1 and who also 
prepared it by the action of acetylene upon naphthalene 
at the red heat.3 The formula determined b? Berthelot was 
later verified by C. Graebe5 as a result of vapor density 
determinations. Further investigation of the chemistry of 
the substance by Berthelot and Bardy led to its synthesis 
by heating etliylnaphthalene a t  red heat.1 The pioneer 
work of these earlier investigators was confirmed by that 
of A. Behr and jjV. A. van Dorp,5 who also succeeded in estab
lishing a definite relationship between this hydrocarbon 
and a very closely related, but less saturated compound, 
C,.II,. which they called acenaphthylene. The discovery of 
the latter substance led to a number of experiments which 
involved the hydrogenation and halogenatlon of both hydro
carbons, and which were made the subject of investigation 
by M. Blumenthal,“ by E. Bamberger and \V. Lodter,’ and 
by C. Liebermann and L. Spiegel.* This work was, how
ever, of very little Importance, except In so fa r as It tended 
to establish somewhat more definitely the relationship be
tween acenaphthene and acenaphthylene, since the com
pounds which were prepared in this way were not always 
pure chemical individuals and, even in cases where they 
were, their exact constitution was not established.

The first really systematic and exact work on acenaph
thene was that of Graebe and his co-workers. These in
vestigations will be reviewed in some detail, but before 
proceeding to their consideration the fact should be noted 
that interest in the hydrogenation* and in the pyrogenic 
syntheses10 of acenaphthene have continued up to the 
present time. Indeed photo- and thermochemical changes 
have- come definitely to be recognized as playing an ex- 
Iremely important role in the chemistry of acenaphthene. 
The extended investigations of Dziewonski and his co
workers can only be mentioned in this connection.11

The separation of chemically pure acenaphthene from 
coal ta r presented many experimental difficulties, in view 
of the fact that the hydrocarbon possesses the power of 
forming addition products with an unusually large number 
of other compounds. This property seems to extend to a t 
least some of its derivatives, w ith the result tha t unstable 
compounds or eutectic mixtures arise. Since these sub
stances frequently possess more or less constant melting 
points and boiling points their formation is often confus
ing and harassing to the Investigator. In  certain instances, 
however, as in the case of the picrates, such addition prod
ucts may be utilized for the separation or identification of 
the hydrocarbon in question. The extent to which inves
tigations along these lines have been carried can only be 
indicated.1-

1 Jahretber, 1867, 591.

2 Hull. 90c. chim., <? (186S), 255.

3 Ber.. 5 (1S '2 ), 15.
4 Bull. >«c. chim. [21 18 (1872), 231.

5 Ber., 6 (1873), 753.
6 Ber., 7 (1874), 1092.
7 Ber., 20 (188?), 3073; 21 (1888), 836.

S Ber., 22 (1889), 779.
9 P . S ab a tie r , B u ll.to c . ch im , [3] 25 (1901), 610, 671, 678; Compt. rend. 

112 (1901), 1254; M . P ad o a  an d  W . F ab ris , A lii, accad. L in e d , [5] 17 (1908),I, 
111; W . N . Ipa titr , Ber., 42 (1909), 2092.

10 R . M eyer and  A. T azen , Ber., 46 (1913), 3183; J .  E . Z a n e tti a n d  G . EglofT. 
T h i s  J o u r n a l ,  9 (1917), 474; R . M eyer a n d  W . M eyer, Ber., 51 (1918). 
1571.

11 D ziew onski, Ber., 36 (1903), 962; P . R eh lander, Ber., 36 (1903), 1583; 
D ziew onski, Ber., 45 (1912), 2491; 46 (1913), 1986; 47 (1914), 1679, 2680; 48. 
1915), 1917; 51 (1918),457.

12 B erthelo t, Ccvr.pt. rend., 102 (1886), 1211: W . R . H odgek inson , 1'roc. Chem, 
Soc., 12 (1896). 110; C . L. Speyerg, J .  A m . Chem. Soc., 18 (1896), 146; W . H , 
P erk in s  J .  C him . Soc., 69 (1896), 1025; G . F ellin i; Gazz. chim . xtul., 31 (1901),
1, I ;  E . Billows, X. Krust ilineraloQ ., 37 (1903), 396; 38 (1904). 505; G . S chu ltz .
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T h e  C o n s t i t u t i o n  o f  A c e n a p h t h e n e  a n d  C e r t a i n  or 
I t s  D e r i v a t i v e s  

Fairly large quantities of acenaphtliene became available 
in 1S73, when it was observed to separate in the form of 
flat prisms from ta r distillates collected between the tem
peratures of 250“ and 300°. The substance obtained in this 
way on recrystallization from alcohol gave a relatively 
pure product which melted between 94° and 90° and which 
boiled between 2(17° and 269“ (uncorr.).1 This discovery 
marks the beginning of a more exact investigation of the 
chemical properties of the substance. Acenapthene readily 
loses two atoms of hydrogen to form acenaplithylene and 
on further oxidation gives naphthalic acid. The la tter 
fact wras used to establish the exact constitution of ace
naphthene. I t  was found, for example, tha t the crystalline 
product melting a t 2G0C which is formed by the action of 
potassium bichromate and sulfuric acid upon acenaphthene 
was identical w ith an acid having the same formula, 
CuITsOi, and the same properties, which had been syn
thesized by E. Bamberger and M. Philipp’ from Estrand's 
nltronaphthallc acid. Since the la tte r had been identified 
as an a-ti or peri-derivative of naphthalene, the cor
responding dicarboxylic acid was assumed to have tile 
configuration

IlOOC COOII

and from this it followed th a t the relationship between 
acenaphthene and acenaplithylene must be expressed in 
the following m anner:

H 2C— C IIj H C = C H

+  Hs

This conclusion was confirmed many years la ter by Baly 
and Tuck3 as a result of the ir investigations upon the ab
sorption spectra of naphthalene and acenaphthene.

The solution of the problem as to the constitution of ace
naphthene served a t once to elucidate the relationship of 
acenaphthene to other of its oxidation products which were 
formed simultaneously with naphthalic acid. When oxidation 
was carried out, for example, in acetic acid by means of 
chromic oxide a crystalline compound melting a t 232“ was 
obtained. On analysis this was found to correspond to the 
formula, C ,JI0O;. Its  constitution was assumed to be

y GO
■''"liBl 

''CO
since on oxidation with potassium perm anganate it was 
readily converted into naphthalic acid,4

/COOHj
; «ti(\

V

C o H <
x COOH

The discovery of these relationships paved the way, 
moreover, for the development of a general method by 
means of which it is now possible to determine the position 
taken by different substituents in the various derivatives 
of acenaphthene. According to the nomenclature adopted 
by F. Sachs and G. Mosebach,1 all derivatives of acenaph
thene may be regarded as representing substitutions in the 
■following form ula:

1 2 
h 2c - c h 2

' V / N
6 5

From this it is apparent that four different monosubsti- 
tiHicn products of acenaphthene are possible, of which 
three represent substitution in the naphthalene ring. On 
the basis of theory, seventeen disubstitution products are 
possible if the entering groups are alike, and of these nine 
represent compounds in which both substituents are pres
ent in the aromatic p art of the molecule. I t will be shown 
la ter in this paper tha t these theoretical possibilities have 
not as yet been realized in the case of any single type of 
acenaphthene derivative. As early as 1874, however, Blu- 
m enthal2 found it convenient to employ oxidation reactions 
in order to distinguish between compounds in which the 
hydrogen of the methylene groups had been replaced and 
those in which the substituent occupied a position in the 
naphthalene ring. If, for example, a substance having the 
formula C,iH,Br gave naphthalic acid upon oxidation it 
was assumed to possess the formula

/C H B r

CHj
This very crude method w as la te r perfected by C. Graebe3 

who, as the result of some very brilliant work, was able 
to assign exact formulas to monosubstituted nitro, bromo, 
acetyl, and benzoyl derivatives of acenaphthene. All of 
the substances under investigation by Graebe a t this time 
were found to  give o-substitution products of naph
thalene, and from this it followed tha t these respective 
groups occupied the 5-position in acenapthene. For 
example, Graebe was able to establish the constitution of 
Quincke's nitroacenaphtlienc by converting it into a- 
naphthylamine as a result of the following transforma
tions:
H2C - C H 2 CHOO CHOO COOH COOII 

I I  I / I

and  k .  W u rth , J . Gcsbil. 48 (1905), 125,152, 177, 200; I I . H aak h , Ber.,42 (1909:, 
4594; G . S . G ibson, J  .Chem. Soc.t 93 (190S), 209S; A .B ußuet, Compt rctid., 149’ 
(1909), 857; D . T y le r, J .  Chern. Soc.t 97 (1910), 2620; O. M orgenstern , M onaish, 
3 X (1910) ?S 5; I . C strom isslensky, J .  prakt. Chem. [2] 84 (1911), 495; J . J» 
Sudboroug.h, J .  Chem. Soc., 109 (1916), 1339; M . G in a , Gazz. chim . ital., 45 
(1915), I I ,  348; A. KmifTmnnn, Ber., 50 (1917), 335; M . G in a , Gazz. chim. ita l, 
46 (1916), I, 289; P . lv rem ann , M onatsh. 40 (1919), 1S9.

1 A. B eh r an d  W . A. v a n  D orp , Ber., 6  (1873), 60.

2 E .  B am berger an d  M . P h ilipp , Ber., 20 (1887), 237.
3 Proc. Roy. Soc.t 24 (1908), 223; / .  Chem. Soc., 93 (190S), 102.

4 G. G raebe, Ber., 20 (1887), 657.

N 0 2 N 0 2 NH2 NIIj
The constitutions of only a very few monosubstitution 
products of acenaphthene have been established with cer
tainty. They include those which have just been men
tioned, viz., 5-nitro-, 5-bromo-, 5-acetyl-, and 5-benzoyl- 
acenaphthene, and one or two others which can be dis
missed almost as briefly. For example, 5-nitroacenaph- 
thene gives the corresponding amino compound upon reduc
tion. and th is in tu rn  yields halogen derivatives when 
treated according to the Sandmeyer reaction. A 5-car
boxyl derivative has also been obtained and identified. All

IB er., 44 (1911), 2S52.
2 Ber., 7 (1S74), 1092.
3  A nn ., 327 (1903), 77.
4 C om pare  N . Iirio n e’s  D isse rta tio n , G enf. 1S93; also M . G uinsbourgs 

D isse rta tio n  G cnf. 1S94, a n d  P . H a a s ’s D isse rta tio n , F reiburg , 1901.



Sept., 1921 TH E  J O U R NA L  OF I N D U S T R I A L  A N D  ENGINEERING CH E M IS T R Y 825

other monosubstitution products, as well us a large num
ber of the higher substitution products, of acenaphthene 
which have been described in the literature possess struc
tures which are more or less uncertain, since their exact 
constitutions have not as yet been accurately determined 
according to the method developed by Graebe.

H a i .o g e n  D e r i v a t i v e s

Halogen derivatives of acenaphthene were first inves
tigated by Blumenthal,1 who studied the action of halogen 
upon acenaphthene and acenaphtliylene under a variety of 
different conditions. Several different compounds contain
ing n halogen are mentioned, but most of these are of such 
doubtful purity as to leave their chemical constitution very 
much in question. Among them, however, is to be found 
a white crystalline compound which is described as melting 
at 52° to 53° and to which the probable formula

/CM.
C i„T-I6Bi<  i

X OIl2
is given. These Investigations were followed by others 
equally indefinite by J. T. Kebler,2 E. Bamberger,3 and T. 
Ewan.1. In all of these cases it seems probable th a t the 
separation of pure products was handicapped by (lie pres
ence of eutectic mixtures, so th a t it was not until 1903 
that perfectly pure 5-bromo-acenaphthene was isolated.5 
This substance corresponds to the compound described by 
Biumenthal and was obtained in excellent yields by a mod
ification of his method. The corresponding chlorine deriv
ative was prepared by H. Crompton0 by an application of 
the same method. Crompton’s la ter investigations were 
directed toward the study of other halogen derivatives of 
acenaphthene and of the ir oxidation products,7 and included 
important data in regard to the freezing points of eutectic 
mixtures. In  this connection it should be noted th a t the 
spectrochemical behavior of the halogen derivatives of ace
naphthene has been studied by J . E. Purvis®, and by K. von 
Auwers.9 In  1910 the constitutions of 5-chloro-, 5-bromo-, 
and 5-iodo-acenaphthene were confirmed by F. Sachs and
G. Mosebach, who succeeded in preparing these substances 
from 5-amino-acenaphthene.10

N it r o  D e r i v a t i v e s

The nitration of acenaphthene was first investigated by 
P. Quincke,11 when a m ixture, consisting of two substances 
which were later identified as 5-nitro-acenaplithene and 
5,0-dinitro-acenaphthene, Svas obtained. I t  is to be noted 
that under w hat seem to be very much the same conditions, 
E. Jandrier12 obtained a mono-nitro derivative m elting a t 
155’. The results described by Quincke have been con
firmed by N. Briones13 and by C. Graebe.14 The la tte r  suc
ceeded in so modifying the procedure as greatly to im
prove the yield and was the first investigator to prepare a 
Perfectly pure product, melting a t 106° (Compare Quincke,

1 Ber., 7 (1874), 1002.
2 A m . Chem. J . ,  10 (1888), 217.
3 B n . ,  21 (18S8), 836.
4 J .  Chem. Soc., 55 (1889), 591.
5 A nn., 327 (1903), 85.
0 Proc. Chem. Soc., 24 (1908), 241.

,  7 Proc. Chem. Soc., 26 (1910), 226; 28 (1912), 191; J .  Chem. Soc., 101 (1912)
1315; 103 (1913), 1302.

8 J . Chem. Soc., 11 (1912), 1315.
9 Ber., 46 (1913, 29S8.
10 Ber., 43 ( i9 1 0 , 2473.
11 Ber., 20 (1887), 609; 21 (1888), 1454.
12 Compl. rend., 104 (1887), 185S.
13 B ull, soc. c h i m (3) 14 (1895), 116.
14 A nn,, 327 (1903), 80.

101“ to 102°). The method of Graebe was la ter slightly 
modified by F. Sachs and G. Mosebach, whp detail experi
ments by means of which yields averaging*84 per cent of 
theory were obtained. These investigators1 also succeeded 
In improving the yield of 5,6-dinltro-acenax)hthene (40 per 
cent) and in definitely establishing its constitution:

CHi— CHi

I NO I NO
They have also prepared 4-nitro-5-amino- and 4-nltro-a-oxy- 
acenaphthene as a result of n itrating the acetyl derivatives 
of 5-amino-acenaplHhene.

A m i n o  D e r i v a t i v e s  

The reduction of nitro derivatives of acenaphthene has 
been effected by the application of a variety of different 
methods.2 The best yields have been obtained by Sachs 
and Mosebach, who claim 77 per cent of theory in the case 
of 5-amino-acenaplithcue, against 50 per cent yields by 
Graebe and still smaller yields by all earlier methods. 
According to Sachs and Mosebach the acetyl derivative of
5-amino-acenaphthene shows a melting point of 192°, 
as against 185° (Graebe) and 174° (Quincke). 5-Amino- 
acenaphthene lias been made the starting  point In the 
preparation of a number of interesting derivatives, among 
which are 4-nitro-5-amino-acenaphthene, 4-nitro-5-oxy-ace- 
naphthene, and 4,5-diamluoacenaphthene. 5,G-Diamino-ace- 
naphtheue has been obtained by reducing the corresponding 
dinitro derivative.

In  conclusion it may be noted tha t th e , chemistry of the 
amino derivatives of acenaphthene is a t the present time 
very incompletely developed. This is the more striking 
because of the number of possibilities for research which 
these compounds afford. For example, mono-amino deriva
tives may be diazotized and the resulting diazo compounds 
may then be coupled In a great variety of ways. Acenaph- 
thene-azo-jg-naphthol

c iQ
>C,oH* “N’H 'Ci „He -OH 

C H /
has, for example, actually been obtained from 5-amino-ace- 
naphthene in this manner.3 The diamino derivatives, of 
which seventeen are theoretically possible while only two 
have actually been prepared, afford an opportunity for still 
other lines of work. For example, 4,5-diamino-acenapli- 
tliene has been observed to condense with diacetyl in 
alcohol solution to give

C H ,—CII, 

N = C —CHj 
v  v w  1 \ / \ / _  N = C -C II„

while 5,6-diamino-acenaphthene lias been found to yield
a number of different products under the action of carbonyl
oxygen. The same substance reacts readily with phthalie
anhydride to give

c h J ^ - x - c

• • _N(  )C .H ,CHS-
CO

and with formic acid to give a somewhat sim ilar com
pound, viz.,

1 Ber., 44 (1911). 2860.
2 C om pare Q uicke, Ber., 21 (1888), 1456: G rnbe, A n n ., 327 (1903). 81: 

H . C rom pton , Proc. Chem. Soc., 27 (1911), 165; F . Sachs an d  G . M osebach , 
Ber.. 43 (1910). 2473; 44 C9111)> 2852.

3 Sachs an d  M osebach, Loc. cit.
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CHr

Ah_ < - >
N V ; u-x /

.Moreover, when 5,6-diamino-acenaphthene’ is gently 
warmed with carbon bisulfide it reacts to give

H B O ~ k\ s
A number of observations in regard to the products 

which are formed by the condensation of aeenaphthene- 
quinone with aromatic diamines suggests tUo possibility 
th a t this type of reaction might yield interesting results if 
applied to the dlnmlno derivatives of acenaphthene itself. 
For example, Liebermann and Zsuffa2 have observed that 
acenaphthenequinone combines readily with 5-ethoxy-2- 
amino-diphenylamine to form a product

A
Cl CtH,

which reacts with woolen fabrics to produce a yellow dye. 
The possibilities represented by this type of reaction be
come apparent froiu a consideration of the fact that 
acenaphthenequinone has been found to react readily with 
amino hydrogen in a number of other different compounds. 
For example, its action when condensed with amines, with 
hydrazines, and with hydroxylamines has been made the 
subject of investigation by G. Ampola and V. Recchi,3 L. 
Behrend,' J. Hermes,5 K. Auwers,0 F. Uilmann and E. Cas
sirer,7 A. Cruto,8 G. Charrier,® L. Fransconi and F. Piraz- 
zoli,10 and certain of the observations along these lines have 
been deemed of sufficient commercial importance to cover by 
patents.11 Ortho-oxy-aryl hydrazines, fo r example, condense 
with ortho-diketones, acenaplithenequinone, etc., to give 
products which dye wool different colors varying from 
orange to fed to green, i t  should t e  borne in mind, moreover, 
in this connection that the original methylene groups present 
inr acenaphthene remain unchanged in all compounds which 
result from reactions which involve the. amino hydrogen of 
mono- and diamino derivatives of acenaphthene, and that 
the existence of methylene groups in condensation products 
of this type suggests the possibility of a variety of further 
reactions.

H y d r o x y  D e r i v a t i v e s  

Very little work has as yet been done upon these hydroxy 
derivatives of acenaphthene which represent substitution of 
ring hydrogen, and a t present only three have been men
tioned in the literature. 5-Oxy-4-nitroacenaphthene,

H ,C —CH,

-X 0 2

OH
1 C om pare Sacha a n d  M osobach, Ber. 44 ,'(1911), 2S52.
2 B c r ., 44 (1911), 852.
3 A lii ,  accad. L in e d ,  8 (1S99), 209.
4 J .  prakt. Chem. (2) 6o (1S99), 1.
5 D isse rta tion , Kit1], 1S9S.
6 .4nn ., 378 (1910), 210; also com pare A. C ra to , C. .1., 10 (1916), 1S57 . 

an d  G . C h arrie r, C. .-I., to  (1916). 1172.
7 Ber., 43 (1910). 439.
S G an. ehim . ¡til, 45 (1925), I I ,  324.
9 Ib id ., 45 (1 9 1 5 ), I, 516.

10 G an . ehim. ital., 33 (1903), I . 36.
 11 C om pare  H oliday  an d  H odgek insoii B rit, r a t e n t 3730 (1SS3) ; M .L .R .,
D .U .P. 258,099; L eonhard t an d  C o., D .R .P . 258,017; Basier chem ischen F uo - 
rik , D .R .P . 218,992 (1910).

and the corresponding 5-oxy-4-amino derivative have been 
described by Sachs and Mosebach,1 while the preparation of
5-acenaplithoi is covered by patent.2 Patents also exist5 
which describe the preparation of indlgoid dyes by con
densing 5-oxyacenaplilhene or its derivatives with the usual 
reagents. The chemistry of those hydroxy derivatives of 
acenaphthene which result from the substitution of methy
lene hydrogen will be discussed fully in connection with the 
oxidation products of acenaphthene.

A number of investigations have been undertaken with 
the aim of substituing a carboxyl group for a ring hydro
gen atom in acenaphthene. Bertlielot* tried treating  ace
naphthene with phosgene and was unsuccessful. E. P. 
H arris’ used chloroearbamic acid and obtained an acid 
amide as the immediate product of the reaction. This 
when hydrolyzed gave acenaphthoic acid, m. p. 217°.

H jC -G H i 
I ! •

COOH
The same substance was prepared by C. Liebermann0 by 
the direct action of oxalyl chloride upon acenaphthene 
(yield 30 per cent) and by Grignard,7 both by the action 
(«) of CO: upon the magnesium derivative of acenaphthene 
and (6) by the hydrolysis of the nitrile. The la tte r was 
obtained by treating u-bromo-acenaphtliene with mag- ■ 
nesium and cyanogen chloride. The acid which is prepared 
in these different ways is the only compound of its class 
which has been investigated up to the present time.

S u l f o n i c  A c i d  D e r i v a t i v e s  

Very little is known in regard to the action of sulfuric 
acid upon acenaphthene and only two sulfonic acid deriva
tives are described in the literature. One of these sub
stances was obtained by E. Oliveri-M andala8 as a result of 
heating acenaphthene with an equal weight of concen
trated sulfuric acid on the water bath for 2 lirs. and then 
a t 115° to 120° for half an hour. The following formula 
was assigned to the product:

H2C —CH,

iO JI
The preparation of the other acid is covered by a German 
patent” and involves the form ation of a monosulfonic acid 
derivative of acenaphthene in which a hydrogen atom of 
the methylene group has been substituted. This acid was 
obtained by the action of chlorosuifuric acid a t a tempera
ture ranging between 15° and 20° and is described as being 
very reactive in the presence of halogen and of oxidizing 
agents.

1 Loc. cil.
2 E lberfe lder F arben fab riken , See Ber., 44 (1911), 2860.
3 F . B aye r a n d  C o ., D .R .P . 237,199, 237,266, 241,825, 241,82? and 

241,S27. Also com pare B rit . P a te n t  3730 (1818), w hich corresponds to
D .R .P . 237,266.

4 B ull. soc. chirn. [2t 13 (1S70), 391.
5 G att-erm arm , .-Inn., 244 (1S8S), 29; E . P . H arris , D isse rta tion  G ottin - 

E e n , 1SSS.
6 Ber., 44 (1911), 202.
7 .4nu. ehim. ph'/s., [9] 4 (1915), 28.
8 A tii .  accad. L in e d , 21 (1912), I , 779.
9 K alle an d  C o .. D .R .P . 24S.994 (1910).
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O x i d a t i o n  P r o d u c t s

The most detailed work whieli has as yet been done in 
rhe lield of acenaphthene chemistry has been concerned 
with a study of the products which are formed as a re
sult of its oxidation. This lias been due to the fact that 
the great majority of im portant commercial applications 
of acenaphthene deal with substances which are obtained 
by the action of various reagents upon acenaphthene
quinone, acenaplitlienone, or naphthalic acid, or upon some 
mixture of these and other derivatives which contain 
oxygen. The results of even the earliest studies in the 
oxidation of acenaphthene and its derivatives1 showed con
clusively th a t the products obtained as the result of any 
given reaction varied very considerably and tha t the yield 
of any single component of the reaction product depended 
very definitely upon the conditions.

It remained for C. Graebe in a series of brilliant investi
gations2 to clear up the confusion which inevitably arose in 
regard to the relationships existing between acenaphthene 
and the various products which are formed as a  result of 
its oxidation, and to establish the exact conditions under 
which the best yields of the more important of these pro
ducts could be obtained. I t  is not within the scope of this 
paper to describe these processes in detail, but attention 
may properly be called to some of the conclusions which 
were arrived a t as a result of this work.

Reasoning from purely theoretical considerations the 
oxidation of acenaphthene may be assumed to proceed in 
the following stages:

H -C—CH. ' h c = c i i  H O HC -C HO II
I

/ \ / \  /  \  / V

acenaphthene 
O C -C O  

I
/V

->

acenaphthylene afcenaphthyieneglycoi 
OHC COOH HOOC COOH 

I
A /

N A / \ A /  \ / N
acenaphthenequinone naphthaldeliydic acid naphthalic acid 

Intermediate between acenaphthene and acenaphthene
quinone, though deviating slightly from the straight course 
of oxidation indicated above, is still another substance 
which may also be regarded as a product of direct oxida
tion, namely, acenaplitlienone.

H.C -C O  
I I

A A
\ A /

Ail of these substances have been found actually to exist, 
although all have not been obtained by the direct action of 
oxidizing agents upon acenaphthene itself. In addition to 
these, still other compounds are known which may be as
sumed to represent secondary products of oxidation, and 
one of which at least has been shown to be present in all 
oxidizing mixtures. They are btacenaphthylidene ketone 
and biacenaphthylidene diketone, and may be assumed

C = C O = C
G io H « / | | N c .H e a iK iC io H e /j i ^ C ,  H6, 

^C H , C O ' x GO CO '
to result from the condensation of one molecule of ace-

1 C om pare  B ehr a n d  V an D orp , Ber., 6  (1S73), 60: .-inn., 172 (1874), 263; 
M . B lum cn tha l, Ber., 7 (1 8 /4 ), 1092; Q uincke, Ber., 20 (1 8 8 0 , 609; 21 (1S88), 
14i>4; C ro m p to n , Proc. Chetn. Soc., 28 (1912), 194.

2 Ber., 20 (1SS<), 2 3 /, 6 0 / ,  25 (1S92), 652; .-trm., 276 (1893), 12; 290(1896). 
390 (1896), 195, 205; 327 (1903), 17.

naphthenequinone with one molecule of acenaphthene or 
with one molecule of acenaplitlienone, respectively.

The mixture which is actually formed by the action of 
oxidizing agents upon acenaphthene always contains a 
number if not all of these substances. The three which 
are practically always present and which are produced in 
relatively large quantities are acenaphthenequinone, 
naphthalic acid, and biacenaphthylidene diketone. Two 
others, acenaphthene and naplithaldehydic acid, have also 
been isolated in small quantities,1 while the presence of 
acenaplithenone is a t least indicated. The practical im
portance of acenaphthenequinone and naphthalic acid was 
immediately recognized, and the researches of Graebe had 
as their principle objective the determination of the exact 
conditions under which these substances were respectively 
formed. As a result of these experiments, methods were 
finally developed by means of which 40 per cent ace
naphthenequinone and practically theoretical yields of 
naphthalic acid could be obtained by the direct action of 
reagents upon aeennphthene. These classical researches of 
Graebe represent such an exact and careful study tha t no 
reports as to modifications and improvements in method 
occur in any of the succeeding literature on the subject. 
I t has in fact been found difficult always to realize fully 
the yields which are described in these experiments, and 
P. Uilman,2 for example, sta tes th a t although he has fol
lowed Graebe's procedure as closely as possible he has been 
unable to obtain yields above 40 per cent of naphthalic acid, 
although theoretical yields are claimed for the process. 
Graebe himself emphasizes the need of the most minute 
care in maintaining the very exact conditions which he 
describes during the entire course of the oxidation. He 
also emphasizes the need of great precision in handling the 
resulting mixture, since the exact concentrations of sodium 
hydroxide and sodium carbonate which are used a t differ
ent stages in the separation seem to be of the utmost Im
portance. If  these reagents are used carelessly, or in 
other concentrations than those which are described, they 
may act to produce chemical changes in the substances 
whose separation is desired. For example, the separation 
of acenaphthenequinone depends upon its solution in aqueous 
sodium hydroxide. I f  the alkali Is dilute (5 per cent) 
practically all of the qulnone Is precipitated unchanged 
upon the addition of mineral acid, while If the alkali is 
concentrated (30 to 35 per cent) the solution gives an 
almost quantitative yield of naplithaldehydic acid.

The history of the development of the chemistry of the 
oxidation products of acenaphthene followed the natural 
course. Separate methods for the preparation of ace
naphthylene glycol, acenaplithenone, acenaphthenequinone, 
naplithaldehydic acid, and naphthalic acid were first studied 
and perfected, after which investigations in regard to tne 
chemical reactions and important commercial applications 
of these respective compounds were undertaken. The la tte r 
portion of this paper will be devoted to a summary of the 
lesults which have been arrived a t in each case to date, 
but before proceeding to the separate discussion of these 
different substances the fact may be noted tha t a t least 
in one of their applications, namely in the field of dye 
chemistry, it is not always necessary to separate them 
individually from the mixtures in which they occur. Recent 
German patents cover the condensation of the crude 
products obtained by the direct oxidation of acenaphthene, 
with such substances as indoxyl, isatin, oxythionaphthene, 
and others which may be used in the preparation of red 
vat dyes. According to D. R. P. 236.536 of the Easier ehem-

1 Ber., 43 (1910), 440.
2 Ber., 43 (1910), 440.



828 THE  JO U R NA L  OF I N D U S T R I A L  A N D  ENGINEERING C H E M IS T R Y Vol. 13, No. 9

ischen Fabrik, for example, the crude oxidation product 
from acenaphthene and sodium bichromate in acetic acid is 
treated in (he presence of an amine with bisulfite in 
aqueous solution, when a substance which is assumed to 
be an arylido-bisulfite derivative of aeenaphthenequinone 
separates from the solution in crystalline form.1 This is 
then treated with 3-oxy-l-thionaphthene or the correspond
ing acid according to the method described in D.R.P. 
I00.01G. Iu eases where the oxidation of acenaphthene is 
effected by the action of esters of nitrous acid such as 
ethyl and amyl nitrite,“ the crude product, which contains 
along with other substances a compound having the com
position of aeenaphthenequinone monoxime, may be con
densed in the presence of formic or oxalic acid with in- 
doxyl, 3-oxy-l-thionaphthene, or their respective deriva
tives.’ A supplement to this patent covers condensations in 
the presence of reducing agents other than formic and 
oxalic acid.* The significance of these facts will become 
more apparent after a more detailed study of the chemistry 
of the oxidation products of acenaphtliene.

Acenaplitliylene glycol,

yCHOH 
C, ]Ninon

represents a product which has not as yet been obtained by 
the direct oxidation of acenaphtliene. I t  has been pre
pared from acenaphthylene bromide (1) by first transform 
ing the la tter into its acetate and then saponifying the pro
duct,1 and (2) by boiling the bromide with water.3 In  both 
Instances die yields are relatively small, and for this reason 
the substance is a t present of litle more than theoretical 
interest.

Acenaphtlienone,
/C H .

Ci h /  |
XX)

has been prepared from acenaplitliylene glycol (1) by 
treating the substance with sodium alcoliolate and methyl 
iodide,“ and (2) by boiling for a few minutes with con
centrated hydrochloric acid and then distilling with steam, 
when acenaphtlienone appears in the distillate.4 I t  has also 
been prepared by starting  with aeenaphthenequinone. In 
this case two methods of procedure are possible. The 
quinone may either be subjected to direct reduction in 
acetic acid solution by means of zinc dust, or it may be 
converted into its dichloride by treatm ent with phosphorus 
pentachloride and the product then reduced. Both methods 
give approximately the same yield (35 to 37 per cent of 
the aeenaphthenequinone taking part in the reaction), but 
the second is the more convenient since less care is re
quired in carrying out the experiment. The dichloro de
rivative of acenaphthenequiuone

/C  Cl,

C' “<¿0
which is formed as the intermediate product in this re
action is an interesting substance and its possibilities as a 
reagent in condensation reactions seem never to liave been 
fully exploited.1

1 C om pare B asle r chem ischen F ab rik , D .R .P . 205,37?, an d  211,696.
2 K alle  a n d  C om pany , D .R .P . 224,979 an d  228,698 (1911); also B rit . P a t 

c n t  19,340 a n d  19,341; a lso  F ren ch  P a te n t 419,370.
3  B asle r chem ischen F ab rik , D .R .P . 232,714 (1911).
4  B asle r chem ischen F ab rik , D .R .P . 233,473 (1911).
5 T . E v a n  an d  J . B. C ohen , J .  Chemi Soc., 55 (1SS9), 5S0.
0 C . G raebe a n d  J .  Jequ ie r, .Arm., 290 (1896), 205.
7 T . E v a n  an d  J . B . C ohen , Loc. cit.
S C . G raebe an d  J .  Jequ ie r, Loc. cit.
9 B asler chem ischen F ab rik , D .R .P . 210,813 (1909).

H .C -C O
1 1

Still another method for the preparation of ace- 
naphthenone involves the action of aluminium chloride 
upon a-naphthy 1 acetyl chloride dissolved in nitrobenzene. 
The product is poured upon ice, and the acenaphthene is 
separated first by steam distillation and then by distillation 
under reduced pressure.2 The reaction in this case may be 
expressed in terms of the following equation:

CH.COC1 
i

0 0 : —
Acenaphtlienone has been applied in a number of con

densation reactions. I t  itself polymerizes in the presence 
of alcoholic alkali or acetyl chloride to give biacenaphthyl- 
idene ketone,

C — c
Ci l l /  I | ">C, IT,

\C O  C H ./
Acenaphtlienone, or derivatives of acenaphtlienone in which 
the hydrogen of the methylene group has not been replaced, 
gives indigoid dyes3 when condensed w ith derivatives of 
isatin, or naphthisatin which contain an a-ketone oxygen 
atom. A supplement to D.R.P. 212,S5S provides for the 
substitution of 2,3-diketo-dihydrothionaphthene in place of 
aeenaphthenequinone in condensation reactions w ith ace- 
naphthenone.1 I t  should be noted th a t in addition to a 
reactive carbonyl group acenaphthen one possesses m ethy
lene hydrogen hich is very reactive. In view of th is fact 
it seems ra th e r rem arkable th a t the litera tu re  dealing 
w’ith  the chem istry of th is substance should be re la ti . ely 
so m eager.

acenap iithenequ ixoxe—Aeenaphthenequinone is always 
formed in the oxidation of acenaphthene. Neither the 
character of the oxidation medium nor the quantities 
in which it is used seem to influence the yield of ace- 
naphtlienequinone very materially, but, on the other hand, 
the speed with which the reaction is carried 011 appears to 
be of great importance. Even under the most favorable 
conditions, however, the yield of aeenaphthenequinone does 
not exceed 40 per cent of theory. This is due a t least In 
p art to the fact th a t the substance itself is very reactive. 
In the presence of oxidizing agents, for example, it tends 
to undergo further oxidation, passing into naphtbalic acid, 
and in the presence of alkali (employed to effect the 
separation of aeenaphthenequinone in most of the earlier 
investigations) it may undergo a variety of transfor
mations. To mention but two of many reactions which may 
result, from the action of alkali, the substance may add one 
molecule of base to form a salt of naphthaldehydic acid or 
It may condense to give biaeenaphthylidene-diketone. The 
device of precipitating the quinone in the form of its bisul
fite addition product3 or in the form of its monoxime1 does 
not appeal* to have eliminated completely the difficulties 
presented in the preparation of this valuable and impor
tant compound. Methods of catalytic oxidation, involving 
as they do the immediate removal of the oxidation product 
from further action of the oxidizing medium, would seem 
to offer promising results but, so fa r as is indicated by any

1 B asler chenischen F ab rik , D .R .P . 230,237 (1909).
2 F r. B ay e r an d  C o ., D .R .P . 237,S19 an d  237,266.
3 Basler chem ischcn F ab rik , D .R .P . 220,244 (C .I.B .A .); F rench  P a te n t 

30,542; C om pare D .R .P . 212,S5S (C .I.B .A .); also D .R .P . 213,992 (B .A .S .F .),- 
K rench P a te n t 10.541.

4 A nn ., 376 (1S93), 7.
5 A. R eissert, Ber., 44 (1911), 1749. C om pare  K alle  an d  C o., D .R .P  

2 24,979 an d  22S.698; B rit . P a te n t 19,340 an d  19,341; F ren ch  P a te n t  419,379; 
also  F rancescon i, Gazz. chim . ita l., 33 (1903), 42 ; a n d  J .  C . C ain , " T h e  M anu : 
fac tu re  of In te rm ed ia te  P ro d u c ts  an d  D y es ,"  p . 242, 1919, M acm ilian  .Co.
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references in the literature, they have not as yet been ap
plied to the solution of th is particular problem.

The litera tu re  dealing with the chemistry of acenaph- 
thenequinone is very voluminous. I t consists in large part 
of descriptions of condensation reactions which commonly 
involve one molecule of the quinone and one or more mole
cules of the different compounds which have been found to 
be capable of coupling with it. Some of these* reactions, as 
for example, those which are brought about by the action 
of amino hydrogen and which resu lt in the elimination of 
water, have already been considered in connection with a 
discussion of the properties of the amino derivatives of 
acenaphthene. A nother general type of reaction takes place 
when acenaphthenequinone is condnsed with arom atic 
hydrocarbons or th e ir  derivatives in the presence of alu
minium chloride.1 In this case the oxygen of the carbonyl 
group reacts w ith ring hydrogen atoms, and the elimina
tion of w ater is accompanied by the form ation of sub
stances which belong to the group of fluorescoin dyes:

/CO XX)
C,„H6< | + 2C 6H 6 VCl0H c< |

NC0 XC(C6H 5)2
This reaction seems lo be capable of as many different forms 
of application as are possible in the case of phthalic anhy
dride and other substances of this class. A th ird  general 
type of condensation takes place as a result of the action 
of acenaphthenequinone upon or •«»lie combinations which 
contain halogen. Here the elimination of halogen acid is 
accompanied by the substitution of organic residues for one 
or both of the hydrogen atoms which occupy peri-positions 
to the carbonyl of the quinone. References to this type of 
reaction have already been considered in connection with 
the preparation of certain of the derivatives of acenapli- 
theue and also in connection'with the synthesis of the high
er indandlones.

The fourth and most important general type of conden
sation reaction Involves the preparation of vat dyes belong
ing to the class of indigoids. This particular phase of the 
chemistry of acenaphthenequinone is of great commercial 
importance. The literature is voluminous and includes a 
large number of German patents. This field of work was 
opened up as a result of the discovery, made more or less 
siinultaneously in 190S by A. Bezdrik coiieratlng with P. 
Friedlander2 and by A. Grob,3 th a t the oxygen of the car
bonyl groups in acenaphthenequinone is capable of enter
ing into condensation reactions with indoxyl and w ith ox.v- 
thtonaphtliene to form products which are analogous to 
Indigo and which possess the following unsymnietrieal for
mulas :

/CO
C10H6<  I /C O x

\ c = C <  >Cr.H<

and acenaphthene-indol-indigo 
/CO

C10H ,< | x COv
x i= c < ^  . J>c 6h 4

acenaphthene-thionaphthene-indigo 
The second of these two substances represents .a valuable 
sulfur vat dye and is known commercially under a number 
of different names, viz., Ciba Scarlet G (B.A.S.F.). Thio- 
indigo Scarlet 2G (Kalle and Co.), Helidone Scarlet C 
(M.L.B.).

The original paten ts-1 which covered the preparation of

1 C o m p a re  M . Z su ffa , H er., <3 (1910, 2D15).
2 Monatsch,, 29 (190S). 339.
3 B er„ 41 (1908), 3331.

4 D .R .P . 2 0 6 ,« 7  an d  205,377 (B .A .S .F .). -

the parent substances were quickly supplemented by others 
which describe the ir bromination,1 the dye obtained from 
Ciba Scarlet G, for example, being known under the trade 
name of Ciba Red R. Later patents describe the formation 
of halogenated red vat dyes which are formed under a 
variety  of different conditions.2 These are so phrased as to 
cover all halogenated products which may be regarded as 
derived from acenaphihenequinone, its homologs, and sub
stances analogous to it.

Succeeding patents describe the behavior of acenaph
thenequinone in the presence of various derivatives of 
indoxyl and oxythionaphthene respectively.3 Ciba Orange 
G represents, for example, a substance which is obtained 
by brominating the condensation product from acenaph
thenequinone and 0-amino-3-oxythionapbtbene,

A gray-black vat dye'1 is prepared by condensing 5-amino-
3-oxyfhtonaphthene with acenaphthenequinone, and cou
pling this compound with that obtained by condensing 6- 
amino-3-oxythionaphthene w ith acenaphthenequinone. Bro
mination of the product is included in certain instances. 
The scope of this work has gradually broadened and has 
come to include reactions between acenaphthenequinone and 
a large number of different organic compounds such as. for 
example, B-naphthindoxyl,3 phenyl-thioglycol-o-carboxylic 
acid,0 etc. Indeed the paten t litera tu re  on th is subject is 
frequently very difficult to follow, since the specifications 
which cover the condensations of acenaphthenequinone and 
its derivatives with derivatives of indoxyl, oxythionaph
thene, and similar substances are phrased in such general 
terms that they may be said to include all the reactions 
which are possible between carbonyl oxygen, present in 
every variety of a-diketone grouping, and reactive methy
lene or methine hydrogen present in any form of combina
tion.7

Other indigoids are theoretically possible and aeenaph- 
thene-selenonaphthnetndigo, for example,

/CO
Cl0H <  I /C O x  

x : = c <  / O fTTi

has been prepared and described by I. R Lester ana R. 
Weiss.8 This appears, however, to be a substance of no 
commercial importance.

Kalle and Company suggest the treatm ent of acenaph
thene quinone with caustic alkali prior to condensation, 
since a  water-soiuble body,

= 0  
.011

N )X a
has been observed to form as a result of this action. This 
yields vat dyes when condensed with 3-oxythionaphthene, 
etc.8 The same firm also describes the treatm ent of ace- 
imphthenequinone with mild reducing agents when the fol
lowing transformations occur:

1 C o m p are  D .R .P . 198,510 a n d  196,349 (B .A .S .F .)  re sp ec tiv e ly .
2 D .R .P . 213,504, 212,870, 237,199, 237,266, 241,825, 211,826, 241 ,827 ; 

also B rit . P a te n t  3730.
3 D .R .P . 234,178 (F r. Bayor and  Co.).

4 D .R .P . 258.099 (M .L .B .).
5 D .R .P . 235,811 (M .L .B .).

6  D .R .P . 205,377 (B .A .S.F .).
7 D .R .P . 209,910, K alle  a n d  C o., 1909.

8 Ber., 45 (1912), 1835.

9 C om pare D .R .P . 209.910, 243,536, 246,338 (K alle  an d  C o.),

c „ h 6<^
■c
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,CO , C - 0 - C - 0 H
2CioH:1x I —̂ "Ciolîex

Y~!0 \
/ C -O H

__ I ^>CioHa — 20iotïfi\ 1
0  N 3 -O H C O  X 3-O H

The last compound Is capable of condensing with indoxyl 
or with 3-oxynaphthene to form violet or violet-red vat 
dyes.1 Both modes of treatm ent of acenaphthenequinone 
are covered by French patents- which include the prepara
tion of all derivatives of the above dyes which can be ob
tained by brominating, diazotizing, etc.

In conclusion it should be noted th a t many of the reac
tions described in these patents have not been applied since 
the use of simple derivatives of acenaphthenequinone in 
the various types of condensations has been prevented by 
the fact th a t very few of these < compounds are as yet 
actually known.

o t h e r  o x i d a t i o n  p r o d u c t s —In continuing the system
atic survey of the chemistry of the oxidation products of 
aeenaptithene it must be confesrrd tha t very little of im
portance remains to be said. Biacenaphthylidene ketone 
and biacenaphthylidene dlketone,

,C =  C C =.C
C i0h /  | | V ^ I I .  and C u l l /  | I '>C J0II.

x CO O H /  X X )  C O /
rejiresent secondary products formed by the action of 
various reagents upon acenaphthenone and acenaphthene- 
quinone. Both compounds were Investigated by Graebe and 
have already been referred to.

Naphthaldehydic acid Is an interesting substance, the 
salts of which seem to exist in two tautomeric modifications, 
viz.,

,011
,C < yCHO

C „H 6< 1 X)K and C,oHc<
X X )  'COOK

I t  is formed when acenaphthenequinone is dissolved in 
aqueous potassium hydroxide (30 to 33 per cent). The 
free organic acid Is precipitated by mineral acids and puri
fied by crystallization from dilute alcohol. The yield is 
almost quantitative.3 Naphthaldehydic acid condenses with 
phenylhydrazine to give

X3H—N H —NH —CsHs 
C10H ,< > 0

\ C  = N = N H —CeH,,
Its condensation products with acetone and acetophenone 
have been investigated by J. Zink,5 and those with methyl- 
»«-tolyl ketone and pinacoline by S. Wiechowski.6 P aten ts 
based upon the formation of naphthaldehydic acid from 

. acenaphthenequinone have already been referred  to.7
The oxidation of acenaphthene to naphthalic acid or its 

anhydride was studied by all of the earlier investigators in 
the field of acenaphthene chem istry.8 The process in every 
Instance involved the use of sodium or potassium bichro
mate and sulfuric acid, but the yield seems to have varied 
very considerably. Behr and van Dorp obtained yields of 
16 to 20 per cent, while Graebe was able to secure results 
which he described as alm ost quantitative. F. Ulimann9 
was, however, unable to increase his yields above 40 per 
cent even by using sodium bichromate and following

1 D .R .P . 224,158, 224,979; also  U . S. P a te n t 955,170 an d  B rit . P a te n  
21 ,5 /9 .

2 F rench  P a te n t 40 . ,224, 40 /.2 2 5 , 4 0 /,228 , 4 0 /,2 2 i , 407.228.
3 A n n ., 290 (1896), 202; Ber., 25 (1892, 657; .In « ., 276 (1893), IS
4 .4nn ., 276 (1S93), 14.
5  M onatsh., 22 (1901), 813.
6 A/onawft., 26 (1905), 749.
7 iD .R ,P . 213.536 (K alle  a n d  C o.).
8  B ohr, an d  W . A. v a n  D orp , Ber., 6 (1873, 60; A n n ., 172 (1874), 263; 

E .1 B am berger a n d  M . P h ilipp , Ber, 20 (1S87), 237; C . G raebe, Ber., 20 (1887), 
< ^7; 25 (1892), 652; T . E w an  an d  J . B. C ohon, J .  Che m, Soc., 55 (1SS9), 578.

9 B er., 43 (1910), 440.

Graebe’s procedure very exactly. The difficulty seems to 
be tha t of carrying the reaction far enough to avoid the 
presence of the lower oxidation products of acenaphthene 
and yet stopping it before any appreciable quantities of 
naphthalic acid have been decomposed. I t  may be noted 
in this connection tha t the ease with which peri-derlva- 
tives of naphthalene undergo oxidation is very great.1

As its name shows, the sim ilarity in the behavior of 
naphthalic and phthalic acids was recognized at an early 
date.2 The fact th a t the resemblance between the two 
substances is very close and very striking might be as
sumed to indicate the possibility of a large number of 
im portant applications for naphthalic acid. For example, 
the very valuable but somewhat Incomplete collection oi 
names and references to derivatives of phthalic anhydride 
which has been compiled by Dr. Max Phillips of the Color 
Laboratory, Bureau of Chemistry, W ashington, D. C.,3 sug
gests many Interesting lines of investigation which might 
be undertaken in connection with a more extended study of 
the chemistry of the anhydride of naphthalene-peri-dicar- 
boxylic acid. Very little work has as yet been done in this 
field. The action of naphthalic anhydride upon dimethyl- 
m-am I noplienol has been the subject of investigation by E. 
F errario  and L. F . W eber,1 but aside from this no refer
ences to direct condensations have been noted in the liter
ature.

A number of derivatives of naphthalic anhydride have 
been described. F. Ulimann and E. Cassirer5 have suc
ceeded in preparing naphthostyril by means of the following 
transform ations:

- a - M"  
< Z > - Ao

Among the other derivatives which have been investigated 
are chloronaphthalic acid,0 bromonaphthalic acid and the 
corresponding iodide,7 4-nitronaphthalic acid and the cor-

yCO
C,„H5Br<Ç ^>N II

responding imide,8 4-aminaphthalic acid, 4-hydroxynaph- 
thallc acid, S-nitronaphthalic anhydride, and 3-aminonaph- 
thalic anhydride.“ The oxidation of 4-bromonaphthalic acid 
to bromophenylglyoxyldicarbonic acid 

Br

COOH 

CO-COOH

COOH
has also been described.10

In  conclusion it may again be stated th a t the footnotes 
which accompany the foregoing synopsis represent all of the 
references to the chemistry of acenaphthene and its deriv
atives which can be obtained by a fairly close and sys
tematic study of the literature. The discussion has been 
as detailed as it has seemed practical to make it in the hope 
that the material presented might prove of actual service 
os a basis for further research in this field.

1 C om pare  G . E rre ra  an d  G . A jon, Gazz. chim . ital., 4 4  (1 9 1 4 ), I I ,  92.
2  A . B eh r a n d  W . A. v a n  D orp , Loc. cil.
3  T h i s  J o u r n a l ,  13  (1 9 2 1 ), 2 4 7 .
4  Arch. set. phys. na t., 2 5  (1 9 0 8 ), 5 17 .
5 B e r ., 4 3  (1 9 1 0 ). 4 3 9 ; C pom aro  C . G raeb e , Ber., 3 5  (1 9 0 2 ), 44 .
6  H .  C ro m p to n  a n d  W . R . S m y th e , Proc. Chem. Soc., 2 5  (1 9 1 2 ), 194.
7  B lu m en th a l, B er., 7  (1 8 7 4 ), 1 092 ; G raeb e , - t nr... 3 2 7  (1 9 0 3 ). 8 6 .
8 Q uincke, Ber., 2 1  (1 S 8 8 ), 1 4 5 5 ; G raebe, A n n ., 3 2 7  (1 9 0 3 ), 8 2 .
9  See G raebe, Loc, cit.

10 A n n .,  3 2 7  ( 1 9 0 3 ), 9 0 .
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European Practice in Cellulose Acetate and Dopes During the W ar 1,2
By Philip Drinker

L a b o r a to r y  o f  A p p lie d  P h y s io lo g y , H a r v a r d  M e d ic a l S ch o o l, B o s to n , M a s s a c h u s e t t s .

Although many substances have been suggested and many 
formulas developed for the coating and preservation of a ir
plane fabrics, with the exception of the relatively non- 
inflammable cellulose esters typified by the cellulose ace
tates, none have received governmental recognition for any 
extended period of time. In this connection, the cellulose 
nitrates have received but minor consideration, primarily 
ou account of their greater inflammability, combined with 
the fact tha t they do not exhibit properties other than 
those shown by the corresponding acetic esters.

An historical account of the development of airplane 
(lopes necessarily involves an account, first, of the trial 
and rejection of cellulose ester substitutes, and secondly, of 
the improvement of the many combinations and modifications 
in which cellulose acetate enters as the primarily solid con
stituent. So far as the w riter is aware, the most complete 
and comprehensive data on the general subject of airplane 
dopes and cellulose acetate thermoplastic combinations arc 
contained in a 1050-sheet typewritten Report 10,086 of E. C. 
Worden, made in 101S, and the 5040-sheet typewritten 
Report 13,228, with index, of E. C. Worden, Philip Drinker, 
J. S. Buford, Leo E utstein , and R. G. Dort,* made in 1919, 
to the Bureau of A ircraft Production In Washington— 
reports embodying the results of extended investigations 
made by the w riters abroad and in the United States. Many 
of the facts and figures incorporated in this article have 
been abstracted from these reports.

In Europe, a t least, the term dope was in use in 19143 
as indicating the nitrocellulose and cellulose acetate solu
tions which are applied to airplane fabrics to im part in
creased tensile strength, tautness, and resilience, and to in
crease impermeability. Present practice requires the sev
eral coatings to give a total weight increase to the fabric 
of approxim ately 2 ounces per square yard ((30 to 70 
grams per square m eter), and to retain the ir protective 
beneficial qualities on exposure to atmospheric w eathering 
conditions, usually fo r periods of GO to 90 days. These 
specifications are the outgrowth of experience during the 
war, a t the commencement of which requirem ents were 
less rigorous.

An account or tne various r  rencn dopes nas D e e n  given 
by M. Deschiens,3 who records the use of nitrocellulose 
coating, In 1896, on a balloon destined for polar exploration. 
In this case the dope was purely for protection and not for 
tautening effects. Substitutes such as casein, glue, gelatin, 
starch pastes, rubber, etc., have been tried a t various times, 
in both England and France, but their use has never passed 
beyond, the experimental stage, and, a t the outbreak of the 
war, the use of nitrocellulose and cellulose acetate dopes 
was firmly established in Europe and existed to a certain 
extent in the United States. As a result of its greater in
flammability, the nitrocellulose product was soon rejected 
by the French, while, as the w ar progressed, the British 
program called for a like procedure when adequate supplies 
of cellulose acetate were available. Marked preference was 
also shown by the Italians for cellulose acetate dopes. The 
example of the other Allies was la ter followed by the United 
States, the American program calling for all planes des-

1 P r e s e n te d  b e fo r e  th e  S e c t io n  o f  C e llu lo s e  C h e m is tr y  n t  t h e  6 1 s t  
M ee tin g  o f  th e  A m e r ic a n  C h e m ic a l S o c ie ty , R o c h e s te r ,  N . 1’., A p r i l  
28 to  29 , 1921 .

’ P u b lis h e d  by  p e rm is s io n  o f  t h e  C h ie f  o f  A ir  S e rv ic e , IL  S. A rm y .
* N u m b e r in  t e x t  r e f e r  to  B ib l io g ra p h y  a t  e n d  o f  p a p e r .

tlned for the front to be coated with acetate dopes, nltro 
dopes being limited to training planes. This procedure was 
identical with that of the British.

C o m m e r c i a l  D e v e l o p m e n t  o f  C e l l u l o s e  A c e t a t e

Prior to the summer of 1914, cellulose acetate was manu
factured In commercially Interesting quantities by only three 
European firms, viz.; the Bayer Company a t Leverkusen, the 
Société Chimique des Usines du Rhône a t Lyons, and the 
Cellonite Company (Dreyfus Bros.) a t Basle. Bayer 
acetate was used by certain British firms and is reliably 
reported as being satisfactory, while tha t furnished by the 
French company was also received with favor. In  France 
the Usines du RhOne product was in general use, so that 
the outbreak of hostilities found the British depending for 
their supply on their French Allies and on the product of a 
neutral country, no adequate supply of German acetate 
having been accumulated.

As the war progressed and their airc ra ft program aug
mented, the French required more and more of their own 
product, with the result th a t shipments to Great Britain 
were reduced to a minimum. The British program called 
for an amount of acetate soon evident to be fa r  in excess 
of the assured supply, coming as it did from outside sources. 
This sta te  of affairs resulted in negotiations with the 
Dreyfus Bros.* whereby the erection of a large plant for 
the manufacture of cellulose acetate was undertaken at 
Sponden, England. This plant also included a synthetic 
acetic acid and acetic anhydride unit. To assure further 
their own supply, a sim ilar but smaller Dreyfus p lant was 
built by the French a t Rouen, while plans for a Dreyfus 
plant at Milan were laid down by the Italians. This exam
ple was later followed by the United States a t Cumberland, 
Md. Throughout (he war, the French used the Usines du 
Rhône product in greater part—a product characterized by 
its uniformity in the chemical and phvsical qualities essen
tial for dopes. With the completion of the Dreyfus Eng
lish plant, British dopes were made alm ost solely from this 
la tte r  source of acetate, a s ta te  of affairs prevailing a t 
the close of the w ar when a standard dope form ula, oblig
atory fo r all m anufacturers, had been developed. T hat the 
Dreyfuss acetate successfully m et the specifications for 
this standard dope over an extended period is sufficient 
proof of its uniformity.

The cellulose acetate resources of Germany have been 
said to be greater than those of the Allies. The acetate of 
the Bayer Company has already been mentioned as one of 
the three types produced in Europe a t the outbreak of the 
war. Personal visits by E. C . Worden5 and the writer.* 
on behalf of the Bureau of A ircraft Production, to a 
small plant a t Mainz showed an additional source which 
Is known to have been utilized by the Germans during the 
war. Samples of gelatin-coated gas-mask eye pieces, made 
of cellulose acetate, from the Aktiengesellschaf't fOr Anilin 
Fabrikation were also ol served from time to time. Fabrics 
from German and Austrian planes invariably showed cellu
lose acetate dope, and, knowing their plant resources, it is 
but reasonable to presume they had no special difficulties 
in meeting requirements, although no reliable data  are 
available to us on their cellulose acetate output. All the 
plants known to have been engaged in Its production were 
located fa r from the front, and evidences of destruction of
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their chemical factories by Allied a irc raft were not appar
ent. In fact, the general atmosphere of the enemy chemical 
plants, as disclosed from visits to their factories in the 
occupied region, was decidedly one of prosperity and pre
paredness for the future.

C h e m i c a l  C h a r a c t e r i s t i c s  o f  C e l l u l o s e  A c e t a t e  

Of the many variations in processes used for the produc
tion of cellulose acetate all employ the same basic prin
ciples, viz.; acétylation of cellulose by glacial acetic acid 
and acetic anhydride in the presence of a catalyst such as 
sulfuric acid. The Dreyfus processes’ involve the use 
of paper as the preferred source of cellulose, while it is 
understood th a t the Société Chimique des l'sines du Rhône* 
employs a long-staple cotton, previously treated. For air
plane dope, in both cases the objective is an acetone-soluble 
acetate, between the dlacetate and triacetate in acetic con
tent, which is attained by acétylation tem perature control 
and the subsequent ripening process. In  an exhaustive study 
of the subject, E. C . Worden” has traced the develop
ment of cellulose acetate from the carbohydrate acétyla
tions of Schiitzenberger through to the modern period, and 
has pointed out the importance of the Dreyfus discoveries 
in the development of this art. In  this article, he shows 
tha t the acetates preferred for photograph films and a rti
ficial filaments differ fundamentally from the product used 
for dopes, the former demanding clarity as an essential 
characteristic, while the la tte r must possess relatively 
greater tensile strength, clarity of the dope film being of 
less importance. Prim ary acetates, possessing acetone 
solubility us a permanent characteristic, and having passed 
through the chloroform-soluble stage, are among the qual
ities necessary for dopes in which chlorinated solvents do 
not enter. H. Ost,10 C . Cross and E. Bevan,11 and 
G. J. Esselen, J r .” have contributed to the literature on 
this subject, the last author discussing the colloidal nature 
of the cellulose acetate molecule and distinguishing the 
chloroform and acetone-soluble acetates by the solvents 
which may be employed.

Of the Usines du Rhône and Dreyfus products, the for
mer generally possessed the more rapid acetone solubility, 
due perhaps to finer sta te of mechanical division of the 
particles. Dreyfus aimed to produce an acetate of relatively 
higher viscosity”  which could be applied in a three- 
coat doping scheme, and which would give a film of tensile 
strength equal to that formerly attained by applying as 
many as six coats. This resulted in a substantial solvent 
economy so imperative in the successful prosecution of the 
British aircraft program.

S o l v e n t s ,  D i l u e n t s ,  P l a s t i c i z e r s ,  a n d  P i g m e n t s  

The selection of solvents and solvent combinations was 
determined by eacli country prim arily from the resources 
available, a condition which prevailed throughout the war, 
and which underwent a gradual development resulting In 
the ultim ate adoption of standard formulas. Since over 
fifty different solvent combinations—a number of them 
secret—emanating from the Allied governments and from 
firms supplying dope, were suggested and used a t one time 
or another, a detailed historical account would be inexpedi
ent. The subject can well be covered In a review of the 
essential points of difference of the various combinations, 
as their use developed during the course of the war. The 
use of tetracliloroethane as a solvent was prohibited by 
France, and later by Great Britain, because of its toxicity 
and tendency towards decomposition, as result of which 
the fabric was m aterially weakened. Actual fatalities" 
were traced to the toxicity of this solvent. The work of W.

Willcox, B. Spillsbury, and T. Legge15 showed that a 
characteristic type of toxic jaundice, affecting the liver, 
developed from inhaling tetrachloroethane fumes. Both 
countries, and Italy  as well, prohibited the use of chlorine 
substitution products, an example followed la ter by the 
United States. Consequent to these discoveries, the British 
enforced rigid ventilation of their doping shops and re
quired a t least th irty  changes of air per hour.

Somewhat before our entry into the war, the French were 
using a four-coat dope designed for purposes of camouflage, 
which a t tha t time was considered by them to be indispen
sable. A typical French dope, patented under the trade 
name of Acellos by Nauton Frères et de Marsae. the pat
entee being their chemist, T. Tesse,’“ was in special favor, 
while I j .  Clement and C. Rivière17 produced a some
what similar product. In  Acellos dope the scratch coat 
contained 3 to 5 per cent acetate and was low in high boil
ing solvents, by which means greater tautening effects were 
said to be produced. The second and third coats required 
S to 9 per cent acetate and about 2 per cent of mineral or 
metallic pigments, the  vehicle for which was usually 
eugenol, while other high boilers and pdasticizers, such as 
benzyl alcohol, triacetin, isoeugenol, carvacrol, safrol, iso- 
safrol, methyleugenol, and glyceryl benzoate, could be em
ployed. The fourth and final coat required about 8 per 
cent acetate, while the high boilers were again cut dojvn. 
The under surfaces of the planes received second and third 
coats of aluminium color and upper surfaces were given a 
variegated camouflage scheme intended to resemble the 
earth ’s surface. Planes used in night flying were colored 
dark, the dopes being applied exactly as were those for the 
day planes. None of the French planes destined for the 
front received a varnish coating of either oil or nitrocellu
lose base. This treatm ent was claimed to im part special 
characteristics of tautness and to increase invisibility of 
the plane from both above and below, an idea which grad
ually lost favor until, a t the end of the war, the French 
followed the British example and adopted colorless dopes 
with a finishing coat of khaki color on upper surfaces.

British practice went through a sim ilar but seemingly 
more logically coordinated and technically controlled devel
opment. While tlie French relied mainly on methyl acetate 
of local m anufacture for their low boiling solvent, the Brit
ish had recourse principally to acetone, furnished in large 
part by the United States and Canada. In a general report, 
J. Rarasbottom1 discusses cellulose acetate solvents and 
points out the latent solvent effects of a m ixture of ben
zene and alcohol, each of which in itself is a non-solvent at 
ordinary temperatures, a point mentioned later by G. .T. 
Esselen, J r .”  Efforts to obtain a satisfactory three- 
coat standard formula requiring the maximum amounts of 
the non-pyroligneous products, ethyl alcohol and benzene, 
resulted in 191S in a British form ula" in which ace
tone, methyl acetate, ethyl formate, or methylethylketone 
could be used as the low boiling solvents, alcohol and ben
zene as the diluents, benzyl alcohol as high boiler, and 
triacetin and triphenyl phosphate as softeners.3’

To these lists the French added a locally manufactured 
low boiling product, known as C.G.H., which consisted in a 
mixture of approximately 70 per cent methyl acetate, 10 
per cent acetone, 12 per cent methyl alcohol, and 2 per 
cent water. In addition to the high boiling solvents already 
mentioned, the French suggested acetoacetic ester and fur- 
furol, and towards the end of the war, amyl and Isobutyl 
alcohol,11 of which a French firm offered a considerable 
supply. Dec-hit ns’ mentions their having investigated 
in addition the following substances : methyl, ethyl, amyl,
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and butyl lactates and oxalates, glycol diaeetin, benzylidene 
diacetate, diphenyltolyurea, and cresol," none of which 
passed beyond experimental stages. Cyclohexanol and 
cyclohexanone” were also suggested from both B rit
ish and French sources, but were never used in any quan
tity, although said to be efficient. Acetic and formic acids 
were used experimentally as solvents and did not appear to 
weaken the fabric materially.2'

Unlike the British, the French dopes contained no solid 
softeners such as triphenyl phosphate, although the French 
had attempted using both this and tricresyl phosphate, 
principally as fire retardants.“

Having adequate supplies of phenol, the Italians gener
ally used a small percentage of this substance—2 to 3 per 
cent, depending on the type of fabric for which the dope 
was destined. Their formulas, like several of the French 
ones, were varied somewhat in w inter arid summer lo com
pensate for rapidity of solvent evaporation. The Italians 
permitted a certain latitude in the choice of low boiling 
solvent combinations and also used no tricresyl or triphenyl 
phosphates.

The United States developed a standard four-coat scheme 
in which (he scratch coat contained a small percentage of 
phenol and naplhalene, and, as antacid, a small percentage 
of urea or dicyanodiamide. For the three subsequent coats, 
there was included in the formula about 7 per cent of diace
tone alcohol, principally to prevent blushing, with small 
amounts of benzyl acetate and benzoate. The United States’ 
formula embraces the greatest number of ingredients, but 
it must be remembered th a t this formula was based on 
supply and economy in local resources.

G e r m a n  a n d  A u s t r i a n  P r a c t i c e

Critical periodic examinations of enemy fabric obtained 
from captured or destroyed aircraft, both lighter- and 
heavier-than-air, disclosed a few im portant points differen
tiating their fabric and dope from those of the Allies. The 
enemy planes were frequently camouflaged- In multicolored 
dyes, printed on the fabric in polygonal designs. The a ir
plane fabric was usually linen, showing evidences of heavy 
calendering, w ith a thread count averaging about 55 to 65 
per inch for the warp and 45 to 55 in the weft. The ten
sile strength gave average minimum figures of 70 to 80 
pounds per linear inch in the warp and 65 to 75 pounds in 
the weft, but it must be remembered th a t these figures are 
taken from used fabrics which had undoubtedly deteriorated 
to an appreciable extent, so tha t the tensile strength figures 
are probably low.

In most instances the doped fabrics were covered with 
an alcohol-soluble varnish, colorless or pigmented, showing 
a dry weight increase due to the varnish of anything from 
0.5 to 2 ounces per square yard. The dope films were of 
notably less w eight than those used by the Allies and were . 
in the neighborhood of 1 to 1.5 ounces per square yard. 
Comparative analyses of scrap Allied fabric showed a t 
least 2 ounces of dope film per square yard  and frequently 
more. A few German fabrics showed evidences of chlorin
ated compounds as cellulose acetate softeners, but ex
traneous m a tte r was, in general, not found to be present.

M e t h o d s  o p  A p p l y i n g  D o p e s

Since the major percentage of ingredients of both cellu
lose acetate and nitrocellulose dopes is made up of low 
Iwiling hygroscopic liquids, their evaporation is rapid, an 
effect in some measure retarded by the addition of softeners 
and high boiling solvents. In both types of dope the cellu
lose ester can readily be precipitated by the addition of 
water, which explains the formation of the w hite spots or

blushing so fam iliar on fabrics doped in damp and excep
tionally drafty doping shops. Directions by the manufac
turers and by all the governments required the dopes to be 
applied to dry fabric, while the United States alone en
forced any attem pt a t humidity control, the European Allies 
merely suggesting its advisability.

Great Britain and the United States both required spe
cial brushes, approximately 4 inches wide with 2-inch bris
tles firmly fixed in the stock, a special brush wash being 
supplied in which the brushes were kept when not in use. 
Special cans were provided by Great B ritain  and the 
United States, these being designed to hold a  conveniently 
portable quantity of dope of which a minimum of surface 
was exposed. Towards the end of the war a B ritish firm 
developed a type of brush, through the handle of which 
dope was fed by air pressure, the dope being contained in 
a  standard 10-gallon (Im perial) can. This brush, how
ever, received no general usage. Both British and French 
made it a practice to save the skins or films which formed 
on the edges of the dope cans, these films being furnished 
to the manufacturers, who again used them, with judicious 
blending, in making up fresh dope.

Cellulose acetate doped fabrics, unprotected by a varnish 
coating, temporarily lose their tautness on becoming soaked, 
the tautness again becoming normal on the fabric’s drying. 
This effect was most noticeable on French planes doped 
according to their four-coat scheme which required no var
nish and no solid softeners. H. Gault“  and the w riter 
have taken advantage of this in a patent application for a 
process in which fabric, both linen and cotton, is mechan
ically coated with a  cellulose acetate dope by spreading 
machine, for example, on both surfaces. When a  wing 
or oilier member is to be covered the doped fabric is soaked 
in w ater and applied, moist, to the frame. When dried 
and ’ varnished the fabric attains the required degree of 
tautness, while a t  the same time other properties con
ferred by dopes applied in the conventional manner are 
claimed to be equaled. The signing of the armistice pre
vented further investigations as to the value of this process, 
although laboratory and large-scale tests gave every indi
cation that it had decided practical commercial possibilities 
for aircraft and possibly for other industries.

Great Britain and the United States very generally ap
plied varnish covers and the colors for the insignia or iden
tification marks by air brush. This method of application 
can be used for oil or nitrocellulose varnishes with equal 
facility, but no cellulose acetate dope which could be 
sprayed was developed, although a certain amount of ex
perimental work was done.27

E f f e c t  o f  S u n l i g h t  o n  D o p e d  F a b r i c s

I t  has been shown how important a factor was the ques
tion of supply in determining the various dopes used by 
the Allies; no less important was this same factor in stand
ardizing the types of fabric. In place of line the United 
States gave precedence to a mercerized cotton of the type 
developed through the investigations of the Bureau of 
Standards, notably by E. Walen.2* This cotton fabric 
fulfilled the specifications of the Allied countries, although 
its general acceptance and recognition was slow. In Eng
land linen made from Irish  flax was preferred although 
cotton had fairly general acceptance, while France used 
linen, cotton, and silk. From her own resources Italy  ob
tained silk, and both France and Italy, purely from eco
nomic reasons, used considerable quantities of this fabric in 
spite of its high cost.

I t  has been stated tha t both France and Great Britain 
abandoned the use of tetrachloroethane as a cellulose acetate
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solvent In dopes because of its toxicity and tendency to 
decompose. The cause of this decomposition was frequently 
ascribed to sunlight, although investigations a t the begin
ning of the w ar do not appear to have been carried out to 
prove this point. The fact th a t both nitro and acetate 
doped fabrics gradually deteriorated, with a consequent 
loss In impermeability and tensile strength, was well rec
ognized, but no means of retardation by agents, other than 
varnish, appears to have been attempted.

During 1018, F. Aston, at the Royal A ircraft Establish
ment, England, showed tha t the destructive action of sun
light on fabric, not the dope film, was principally due to 
ultraviolet light of wave lengths lying between 2950 and 
4000 ii, arid that the effect of these rays could be dimin
ished by interposing an impervious layer or pigmented film. 
A fter testing various media, Aston showed tha t their coat
ing, PC. 10,™ effectively impeded the destructive action 
of sunlight. This particular varnish has a base of nitro
cellulose and khaki colored pigments of yellow ocher and 
lamp black, rendered plastic in a vehicle of castor oil. 
One coat of this varnish was applied by hand or air brush 
on upper suraces of British planes. Following Aston’s work, 
It was shown by others, notably the French, th a t the action 
of sunlight was more serious on silk than on cotton or linen, 
a point of interest to the Italians and French.”

A three-coat pigmented dope’1 was suggested by the 
British for Handley-Page night bombers, the resultant color 
scheme being much like that already In use by them a t  the 
time, except tha t under surfaces were also colored. The 
formula used for these pigmented dopes was very close to 
their standard and differed from the French colored dopes 
principally in the use of trlphenyl phosphate, of which the 
British made much point. Although the British pigmented 
dopes showed considerable promise, they had received but 
limited application a t the signing of the armistice.

S o l v e n t  R e c o v e r y “

Solvents lost In the doping of airc ra ft fabrics were rela
tively small, compared with the solvents used in the manu
facture of nitrocellulose powder, and it was quite natural 
tha t their recovery was of secondary importance in the 
question of solvent economy. By the centralization of plants 
engaged in covering and doping airplane parts, solvent re
covery was in a fa ir way towards practical realization a t 
the close of the war, so tha t a brief account will be given 
of two processes used in Europe.

L. Clement and C. Rivière attempted recovery by scrub
bing the solvent vapors In cold water, a small p lant for this 
purpose being built near Paris. The airplane wings were 
placed in horizontal troughs, of convenient height for the 
workers to dope, and the solvent vapors were drawn by 
fan  down through a pipe running along the lioor and thence 
to a scrubbing tower where the vapors met a descending 
shower of cold water, contact surface being furnished by 
coke. A number of doping troughs were connected in par
allel to the vapor pipe, each trough having a damper for 
connecting into the system. Rolling curtains were placed 
across the end of each, and as doping progressed one cur
tain  was rolled up and the other unrolled, thus affording 
a slight degree of control on the solvent content of the air 
entering the scrubber. The aqueous solutions a t the bot
tom of the scrubber contained approximately 2 to 3 per 
cent of recoverable solvents w ith a  total yield of about 30 
per cent. The solvents captured were necessarily limited 
to the water-soluble, although the solubility of such sub
stances iis benzene, oruinarily water-insoluble, is enhanced 
by the presence of benzene solvents which in themselves 
are water-soluble. I t  Is understood tha t the inventors

claimed better yields could be effected, but no evidence 
available lo the w riter shows tha t this was accomplished 
on a scale of commercial interest.

For the recovery of ether-alcohol In the gelatinization and 
drying of nitrocellulose powder, the process of J. Bregeat,“ 
which utilizes cresol, received extensive application 
during the war. I t  had been shown tha t certain phenolic 
bodies formed addition products with solvents such as 
acetone'1 which could be liberated on heating, the com
plex dissociating into Its original components. Bregeat 
used this basic principle In attem pting a substitute for sul
furic acid as an agent for ether-alcohol recovery, and first 
suggested the sulfonic acid of benzene but la ter found that 
cresol alone served as well and, in addition, was cheap and 
available In large quantities. The inventor claims the pos
sible recovery of a number of volatile solvents, among which 
are the methyl, ethyl, and amyl alcohols and acetates, 
acetone, benzene, toluene, xylene, and chloroform, from 
which it will be seen that the process is of interest in the 
cellulose acetate industries. Yields of 75 per cent of the 
solvents entering the system are guaranteed, while 92 per 
cent yields are said actually to have been obtained, figures 
which are supported by SI. Deschiens.“

The success of his French plants, notably a t Rlpault, Sev- 
ran-Uvry, and Toulouse, was such th a t Bregeat’s process 
was recognized in Italy  and England, where plants were 
built for ether-alcohol recovery. At H. M. Factory, Gretna, 
England,“ sulfuric acid“ had been abandoned and an 
experimental cresol plant installed, independent of Bre
geat’s engineering supervision. This plant proved so suc
cessful th a t a larger unit was undertaken, but was not 
fir l Khed until t i e  close of the war.

The plants built by Bregeat usually include three scrub
bing towers in which a large contact surface Is obtained by 
a system of horizontal lattices of wood, scrubbing taking 
place on the countercurrent principle. At Gretna, rotary 
scrubbers made by the Whessoe Foundry Company were 
used, these being built up in twelve compartments giving a 
twelve-stage absorption. Contact surface was obtained by 
V-shaped wooden sectors, about one-quarter of an inch in 
thickness and sufficiently close together to pick up a film 
of cresol through which the solvent vapor passed as the 
scrubber slowly rotated.

For the liberation of ether-alcohol from cresol, Bregeat 
usually employs heat alone, while a t Gretna live steam was 
considered essential. In either case the distilled solvents 
are subsequently rectified, while the cresol is returned to 
the scrubbers.

I t  lias been shown in airc ra ft manufacturing tha t the 
weight decrease of freshly doped fabric proceeds a t a fairly 
uniform rate  for the first 15 to 20 minutes, afte r which 
solvent evaporation rapidly falls off. Tests, with cresol as 
the absorbent and using the standard British dope (D.100 
specification), showed a yield of 50 to 60 per cent, with 
reliable indications th a t this would be exceeded in large- 
scale operations. W hether the fabric be doped in a vertical 
position from both sides a t once or horizontally, is of no 
moment as regards the effect of the dope, but the former 
method is more rapid and will therefore give greater con
centration of the solvent vapors in the air passing to the 
scrubbers. Vertical doping was adopted by the Volsin 
Company in whose a ircraft works, near Paris, a Bregeat 
recovery plant w as completed a t  the signing of the armis
tice. W ith locally devised improvements in the doping 
cabinets, all such modifications having as an objective tee 
increased solvent concentration entering the scrubbers, this 
plant possessed the equipment then believed the best ob
tainable and endorsed by the Allied services.
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R e c o v e r y  o f  C e l l u l o s e  A c e t a t e  F r o m  S c r a p  A  [» p l a n e  

F a b r ic

To alleviate its shortage, investigations were under
taken both by Independent firms and by the Allied govern
ments towards the recovery of cellulose acetate from dis
carded airplane fabric, w ith the object of its resolution as 
such or mixed in p a rt with fresh acetate. Mention has 
been made of the fact tha t the French used only cellulose 
acetate dopes on all planes, while the British used nitro
cellulose dopes on training planes and finished off the 
combat planes with n nitrocellulose varnish for protection 
against ultraviolet liglU. Of the two systems, the French 
afforded the better opportunity for cellulose acetate re
covery, inasmuch as the British required the separation of 
the two esters.

Of the several recovery processes suggested, all operated 
on the extraction principle and differed only In the choice 
of solvents and in certain details of mechanical manipu
lation. The SocIGtS Generale du Coton Industrie!*' 
suggested the use of cresol or furfurol as solvents, but it 
Is understood tha t the former alone was used. This pro
cess requires extraction at tem peratures in the neighbor
hood of 40° C., filtration of suspended mineral pigments, 
and precipitation of the cellulose acetate by benzene, fol
lowed by its purification with steam under reduced pressure, 
by which means it is claimed the acetate Is not injured. 
The acetate thus recovered is undoubtedly degraded to a 
certain extent, but it is claimed to be satisfactory for dopes 
when mixed with fresh acetate.

J. Lumsden and R. Mackensie“ proposed the use of 
solvents such as acetone for extracting the cellulose acetate. 
In one sense this would be an improvement over cresol, as 
the acetate need not be precipitated from solution but 
fresh dope could be made up with this as a basis.

Other solvents suggested were nitrobenzene, mixtures of 
methyl and ethyl alcohols and acetates, and tetrachloro- 
ethane. None of these methods were investigated on a scale 
of commercial in terest over any extended • period, mainly 
because the salvaging of scrap fabric was, at best, an un
certainty, although the French accumulated a considerable 
quantity.

S u m m a r y

Many processes utilized in the w ar for the manufacture 
and use of cellulose acetate and nitrocellulose dopes for the 
coating of airc ra ft fabrics have been made public since 
the signing of the armistice. Through the issuance of offi
cial governmental publications and articles in the technical 
journals, our European allies have taken a leading part 
in this commendable procedure.

In this brief review an account is given of the commer
cial development, in Europe, of cellulose acetate, certain of 
the physical and chemical characteristics required for its 
use in dopes, cellulose acetate solvents, diluents, thermo
plastic combinations, pigmentation, camouflage, applica
tion of dopes, and recovery of solvents and cellulose acetate 
from discarded fabric.
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1 ( 1 9 1 8 ) ,  5 6 0 ;  3 ( 1 9 2 0 ) ,  4 1 0 . A . F u c h s ,  C h im ie  <£ in d u s t r ie ,  3
(1 9 2 0 ) ,  167 .

18— J .  I n d .  E n g . C h e m .,  10 (1 9 1 8 ) ,  1 35 .
19— B r i t i s h  A ir  B o a rd  S p e c i f ic a t io n  D -100 , M a rc h  1918.

20— O n u s e  o f  a c e ta n i l id e  n s  s o f te n e r ,  s ee  B r i t i s h  E m a i l l i t e  C o m 
p a n y  a n d  J .  G o ld s m ith , U . S. P a t e n t  1 ,2 9 8 ,1 9 9 :  B r i t .  P a t e n t  1 2 4 ,5 1 5  
(1 9 1 0 )  ; a b s t .  J .  S o c . C h em . In d . ,  38 ( 1 9 1 9 ) ,  3 7 8 a , 472 «  ; C. A .,  13
(1 9 1 9 ) ,  1771 .

2 1 — J .  G ro le a  a n d  J .  W e y le r , B r i t .  P a t e n t  1 2 3 ,7 1 2  (1 9 1 8 )  : a b s t . .  
S o c . C h em . l a d . ,  3S ( 1 9 1 9 ) ,  7 1 4 a .

22— S ee a l s o  A . Z im m e r, J .  B r y c e  a n d  G. D a v ie s . B r i t .  P a t e n t  
12 4 ,8 0 7  (1 9 1 0 ;  a b s t . ,  J .  S o c . C h em . I n d . ,  38  ( 1 9 1 9 ) ,  3 7 9 a ;  C. A . ,  13 
1771 .

2 3 — C ello n , L td . ,  T y r e r  & C o., L td . ,  T . T y r e r ,  B r i t .  P a t e n t  1 3 0 ,4 0 2

(9 1 S )  ; a b s t . ,  J .  S o c . C h em . I n d . ,  38 ( 1 9 1 9 ) ,  7 1 4 a .
2 1 — See I I . F e n to n  a n d  A . B e r r y ,  P r o c . C a m b r id g e  P h i l .  S o c .,  20

( 1 9 2 0 ) ,  16 .

2 5 — S. G ro v e s  a n d  T . W a rd ,  B r i t .  P a t e n t  1 2 8 ,6 5 9  (1 9 1 7 )  ; a b s t . ,  
J .  S o c . C h em . I n d . ,  38 (1 9 1 9 ) ,  6 4 7 a :  C. A . ,  13 ( 1 9 1 9 ) .  3 0 2 8 . S u g 
g e s te d  B ine c h lo r id e  a n d  c a lc iu m  c h lo r id e  a s  f i r e  r e t a r d a n t s  in  n i t r o 
c e llu lo se  d o p es .

2 6 — F o rm e r ly  C h e f  d e  S e rv ic e  C h lm iq u e , S e c t io n  T e c h n iq u e  d e  
l ’A e ro n a u tiq u e .

27— S ee G. W a rd . B r i t .  P a t e n t  1 2 8 ,6 5 8  (1 9 1 7 )  ; a b s t . ,  J .  S o c  
C h em . I n d . ,  3 8  ( 1 9 1 9 ) ,  647« .
C h e m . I n d . ,  38 ( 1 9 1 9 ) ,  0 4 7 a .

2 8 — T h i r d  A n n u a l  I t e p o r t  o f  th e  N a t io n a l  A d v is o ry  C o m m itte e  fo r  
A e r o n a u tic s ,  1918 . F o r  W a le n ’s  a r t i c l e  o n  t a p e s ‘see  F o u r th  R e
p o r t ,  1919 .

29— B r i t i s h  E n g r .  S ta n d a r d  A s s o c . B u l le t in  83 ( A p r i l ,  1 9 1 8 ) .

30— S ee  L . V lg n o n , C o m p t. r e n d . ,  170 ( 1 9 2 0 ) ,  1322 .

31— F o r  a  p ig m e n te d  d o p e  fo r m u la ,  s e e  A . B a r r  a n d  I I . L n z e ll , 
B r i t .  P a t e n t  1 3 0 ,0 4 1  ( 1 9 1 8 ) ;  a b s t . ,  J .  S o c . C h em . In d . ,  38 ( 1 9 1 9 ) ,  
834 « .

3 2 — F o r  p h y s ic o c h e m ic a l d is c u s s io n  o f  r e f r i g e r a t i o n  m e th o d s  see  
M . P o n c h o n , C h im ie  ♦£ i n d u s t r ie  1 ( 1 9 1 8 ) ,  4 8 1  ; a b s t . ,  C. .1 ., 13 
( 1 9 1 9 ) ,  3 0 4 . F o r  o th e r  s o lv e n t  r e c o v e ry  p ro c e s s e s  s e e  E . W o rd e n  
“  T e c h n o lo g y  o f  C e llu lo s e  E s t e r s , ” 1 9 2 1 , I. 0 5 5 3 . 2 5 5 s .  S ee  a l s o  M. 
D e s c h le n s , l i e v .  p r o d , c h im .,  23 (1 9 2 0 ) ,  2 37 .

3 3 — U . S. P a t e n t  1 ,3 1 5 ,7 0 0 , 1 .3 1 5 ,7 0 1 :  B r i t .  P a t e n t  1 2 8 .0 4 0  
1 3 1 ,9 3 8  (1 9 1 7 )  : C an . P a t e n t  1 9 5 ,7 0 3  (1 9 2 0 )  ; a b s t . ,  C. A . ,  13  
( 1 9 1 9 ) .  2 9 8 3 ;  14 ( 1 9 2 0 ) .  3 2 0 ;  J .  S o c . C h e m . I n d . ,  37 ( 1 9 1 8 ) ,  1 9 4 a ;  
38 ( 1 9 1 9 ) ,  6 1 2 a , 7 5 1 a , 8 5 5 a . A . D a n ie l a n d  J .  B r e g e a t .  B r i t .  P a t e n t  
1 2 7 ,3 0 9  (1 9 1 7 )  : a b s t . ,  J .  S o c . C h em . I n d . ,  38 (1 9 1 9 ) ,  5 2 1 a ;  C. A . ,  
13 ( 1 9 1 9 ) ,  2 4 2 8 ;  F r e n c h  P a t e n t  A p p l. 8 3 .6 7 4  a n d  A d d n . 9 ,3 0 4
( 1 9 1 6 ) ,  9 1 ,7 2 0  a n d  A d d n . 1 0 ,4 7 9  (1 9 1 7 )  : B e lg . P a t e n t  1 6 ,9 5 6
(1 9 1 7 )  ; 1 8 ,3 8 8  ( 1 9 1 7 ) .  S ee  a l s o  b o o k le t o f  B r e g e a t  C o r p o r a t io n  o f  
A m e r i c a ;  P . R a z o u s . I n d u s t r i e  c h im iq u e  6 ( 1 9 1 9 ) ,  14 , 4 8 :  a b s t . ,  
C. A ., 13 ( 1 9 1 9 ) ,  2 7 3 9 :  C a o u tc h o u c  <{ G u tta -p e r c h a ,  16 (1 9 1 9 ) ,  
9 7 5 8 ;  a b s t . ,  C . A ., 13 ( 1 9 1 9 ) ,  1 5 4 8 . '  '*
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3 4 — J .  S c h m ld lin  a n d  R . L a n g , H e r .,  43 ( 1 9 1 0 ) ,  2 8 0 0 :  a b s t . ,  C. A .,  
5 ( 1 9 1 1 ) ,  4 8 7 ;  H e r .,  45 ( 1 9 1 2 ) ,  S 99  ; a b s t . ,  C. A . ,  6 ( 1 9 1 2 ) ,  242S .

T . Z in e k e  a n d  W . G a e b e l , A tm ., 388 (1 9 1 1 -1 9 1 2 ) , 2 9 9 ;  a b s t . ,  
C . A .,  6 ( 1 9 1 2 ) ,  17 5 3 .

35— I . M a s s o n  a n d  T . M e E w a n , J .  S o c . C h e m . I n d . ,  4 0  ( 1 9 2 1 ) ,  
32*.

3 0 — E . B a r b e t  e t  F i l s  e t  C ie ., B r l t .  P a t e n t  1 0 1 .7 2 3 , 1 0 1 ,8 7 5

( 1 9 1 0 ) ;  1 1 7 ,2 5 9  ( 1 9 1 8 ) ;  ü .  S . P a t e n t  1 ,3 2 0 ,4 3 2 ;  a b s t . .  J .  Soc . 
C h em . I n d . ,  37 (1 9 1 8 ) ,  4 5 a ;  38 ( 1 9 1 9 ) ,  5 2 1 a ;  39 ( 1 9 2 0 ) ,  1 4 5 a ;  
0 . A .,  11 ( 1 9 1 7 ) ,  2 8 0 ;  12  (1 9 1 8 ) ,  241 7 .

3 7 — F r e n c h  P a t e n t  A p p l. 1 0 3 ,58S  ( A u g u s t  2 0 , 1 9 1 8 ) .
3S— B r l t .  P a t e n t  2 ,3 0 5  (1 9 1 S )  ; a b s t . ,  J .  S o c . C h e m . I n d . ,  37

(1 9 1 8 ) ,  1 1 1 a .

Automobiles registered,- 
hundreds o f thousands.

Domestic production 
o f crude oil, tens o f 
millions o f barrets.

/  Statistics o f Motor Vehicle Registration
/  from 'Automotive Industries" feh 17, lâül.

/  Crude OH -Statistics as published
/  by the U.S. Geological̂  Survey.

1912 1913 1914 19/S 1916 1917 1918 1919 1920
Fig:. 1— R e la tio n  b e tw e en  au to m o b ile s  re g is te re d  a n d  p ro d u c tio n  o f  

c ru d e  oil
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Motor Fuel from Vegetation1

United States has increased from about 1,000,000 in 1912 
to about 9,000,000 in 1920, an average increase of over
1,000,000 a year. Crude oil, the principal source of fuel 
for motor vehicles, lias shown an Increase in domestic pro
duction during the same period from about 220,000,000 
barrels to 440,000,000 barrels a y e a r ; so that, while the 
number of motor vehicles in use has increased about

» R e a d  before th e  Cellulose Section  a t  th e  6 1 s t M ee tin g  o f th e  A m erican  
C hem ica l.S ocie ty , R o ch e ste r, N i  Y ., A pril 26 to  29 , 1921.

009 m  19!t  m  19i3 IS  14 /9151916 ¡917 1913 1919 1910
F ig . 2— P e r c e n t a g e  I n c r e a s e s  i n  M o t o r  V e h i c l e s  R e g is t e r e d . 

P r o d u c t i o n  o f  C r u d e  O i l , a n d  P r o d u c t i o n  o f  G a s o l i n e , Co m 
p a r e d  W IT H  19091

1 U . S . B u reau  o f  M ines, B u lle t in  191, 1 9 : A u to m o b ile  In d u str ies  
(F eb . 17, 1921), 3 0 6 ; re c e n t s ta t is t ic s , U . S . B u re a u  o f  M ines and  

G eological S u rv ey .

in the United States is around 20 per cent.1 The actual 
production of gasoline has exceeded this percentage of 
the crude since 1917. Refiners have met the rapidly in-

1 D av id  W h ite , J .  Soc. Automotive E ng . 43, (1919), 01.

By T. A. Boyd
G e n e r a l  M o t o r s  R e s e a r c h  C o r p o r a t io n 1, D a v t o n , O h io

For operating the motors of the country an enormous 
and ever Increasing amount of liquid fuel is required. 
This amount of fuel is so large th a t not only has great 
activity in the production of crude oil been necessary to 
meet the demand but the reserves of crude oil are also 
being rapidly depleted. The yearly production of petroleum 
has become so large tha t exhaustion of its reserves in the 
United States threatens to occur within a few years. The 
object of this paper is to present the danger with which 
motor transportation is threatened, with the hope of di
recting further attention to a possible means of solving 
this problem, which Is of such vital importance to the 
country.

T i i e  P r e s e n t  M o to r  F u e l  S it u a t io n  

T h e  n u m b e r  o f  a u to m o b i l e s  a n d  t r u c k s  in  u s e  in  t h e

ninefold, domestic crude oil production has only doubled. 
The relation between motor vehicles in use, as shown by 
registration figures, and the production of crude oil is 
given graphically in Fig. 1.

In  Fig. 2 the relative growths of the three factors, 
motor vehicle registration, crude oil production, and gaso
line production, are compared with 1909 values. The pro
duction of crude oil has increased since 1909 about 140 
per cent, and tha t of gasoline about 800 per cent, but the 
number of automobiles registered has increased 2570 per 
cent.

The normal gasoline content of the crude oil produced
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to  face. As gasoline lias become heavier, distribution and 
vaporization have become increasingly difficult ; it has be
come harder to s ta rt motors ; carbonization of cylinders 
has greatly Increased ; and contamination or dilution of 
the oil in the crankcase lias become much worse. But of 
most importance Is the increased tendency of the fuel to 
knock as its distillation tem perature rises. D istribution 
and valorization are being accomplished to a great extent 
by the application of heat in various ways ; but still fur
ther improvements along this line are essential, and they 
are being made as the results of experimental work point 
the way. A number of expedients for starting  cold motors 
when using commercial gasoline are now in use, and 
further improvements are constantly being made. Dilu
tion of the lubricating oil, which is aggravated by high 
boiling fuel, is a problem which in the light of experience 
appears capable of being satisfactorily solved. These 
difficulties are present on account of physical reasons, and 
they can be corrected by mechanical or physical means.

The fuel knock, however, under given conditions of 
pressure and temperature is a function of the chemical 
composition of the fuel. The paraffin hydrocarbons which 
make up the greater percentage of commercial gasolines 
are comparatively bad from a knocking standpoint, and 
their tendency to knock increases with boiling point. Since 
the fuel knock increases both with compression and tem
perature, this characteristic of commercial motor fuel 
limits the initial compression a t which it may be used. 
In limiting the compression it limits the efficiency a t whch 
the motor operates, in accordance with the curve in Fig. 4.

10 20 30 40 SO 60 70 60 90 ^
PER CENT DISTILLED

F ig . 3— C h an g e  in  V o la t ili ty  o f  M o to r G aso line , 1915 to  19211

1 U . S. B u re a u  o f M ines  d a ta  ta k e n  f ro m  “ T h e  T re n d  o f  th e  O il 
In d u s try  in  1920,”  by  Jo se p h  E . P o g u e , A U T O M O T IV E  IN D U S 
T R IE S , ( F e b ru a ry  17, 1921) .10-1.

creasing demands for gasoline from a production of crude 
oil which did not keep pace with the demand for motor 
fuel:

1— B y  irc re a s in g  th e  ovorago bo iling  p o in t of gasoline.
2— B y e x tra c tin g  liqu id  hy d ro carb o n s from  n a tu ra l  gas.
3— B y crack ing  h ea v y  pe tro leu m  oils.

There is a limit above which the average boiling point 
of gasoline cannot be ra ised ; although, at present, no one 
is able to predict accurately just what this lim it is. The 
amount of casinghead gasoline which can bo manufactured 
is small a t best, but it is very valuable both because of 
the low initial it gives to commercial gasoline on being 
blended with it, and because by proper blending it makes 
available for motor fuel a certain amount of high boiling 
oil which could not otherwise be used for this purpose. 
Tbe cracking of heavy petroleum oils as it is now con
ducted is wasteful from a fuel conservation standpoint, 
and the successful operation of a  cracking plant depends 
upon the margin between the price of fuel oil and that of 
gasoline. Tlie rapid increase in the use of fuel oil for 
certain land and marine purposes is gradually making it 
an essential for a class of transportation tha t will use a 
large amount of it and tha t represents a high type of de
mand which can command a supply on a price basis.

Of the means which have been used to increase the 
yield of gasoline above tbe normal 20 per cent from the 
crude oil, and which have been enumerated above, the most 
effective one is the simple expedient of cutting deeper into 
the crude. The general trend of the average boiling point 
of »iisoline has been upward ever since the early days 
of automobiles, when the fuel used was 76° gasoline. No 
authentic distillation data are available for the motor fuel 
in use prior to 1915. In  Fig. 3 are shown average distil
lation curves of commercial motor gasoline in the United 
States since 1915. The increase in distillation temperatures 
from 1915 to 1920, as shown in Fig. 3, represents a change 
in composition of gasoline which corresponds to a marked 
increase in the production of straight run  gasoline from 
a given amount of crude oil.

This increase in the end-point or the average boiling 
point of motor gasoline has Introduced some serious prob
lems which the automotive industry has been called upon

6  7  a 9  10 II 12
_ n .• Total Cylinder Volume
C o m p r i s ,  o n R .t,o =  ■ ■ ¿ ^ ¿ ' " 7 ^
4— R ela tio n s  b e tw e en  T h e rm a l E fficiency  a n d  C oncussion  R a 

tio  in  a n  I n te r n a l  C om bustion  E n g in e .
1 D ick in son , J .  Soc. A u to m o t iv e  E n g .,  12 (1 9 1 9 ) , 228.

The standard compression ratio for automobile engines is 
now about 4 :1. At the maximum compression reached with 
this compression ratio the knock is an inconvenience, but 
the seriousness of the knock lies In the fact th a t i t  inter
poses a barrier to any increase in compression above the 
present standard, and thereby lim its the therm al efficiency 
at which motors can be made to operate. The rising 
average boiling point of motor gasoline introduces ad
ditional difficulties on account of the fuel knock in pro
portion to the increase in boiling point. This apparent 
barrier to more efficient utilization of gasoline as a fuel 
for internal combustion motors is capable of solution, at
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F ig . G— R e la tio n  be tw een  m o to r  v eh ic les  in  u se  a n d  g aso lin e  
p ro d u c t io n l

3 U . S. B u re a u  o f M ines. B U L L E T IN  19 1 ; A U T O M O T IV E  IN 
D U S T R IE S , (F e b ru a ry  17, 1921), 306 ; r e c e n t s ta t is t ic s ,  B u re a u  o f 
M ines.

least to some extent, and considerable progress lias already 
been made along this line.1

In  Fig. 5 is shown the relation between motor vehicles 
in use and gasoline produced in the United States. The 
registration figures do not include a number of large users 
of gasoline, such as airplanes; tractors, of which more 
than 425,000 are estimated to have been in operation during 
1920 ;2 motors boats, of which 200,000 are estim ated to have 
been in service in 1920 ;3 etc. There is seen to be a con
siderable divergence between the curve of motor vehicles 
registered and th a t of gasoline produced. This divergence 
has occurred in spite of the fact that, as shown above, the 
average boiling point of gasoline has been gradually rising. 
Furtherm ore, the percentage of gasoline produced from the 
crude oil run by refineries in the United States lias 
gradually risen from about eleven In 1909 to eighteen in 
1914 and twenty-seven in 1920. In  interpreting the curve 
for 1920, it should be noted tha t high prices stimulated a 
phenomenal production of crude oil last year and th a t the 
sale of automobiles suffered from a serious depression 
during the last four months of the year.

As an illustration of the effect of demand on the end
point or the average boiling point of gasoline, the follow
ing figures are of interest. These figures have been taken 
from the second and third semi-annual gasoline surveys 
made by the United States Bureau of Mines, and they give 
average boiling points in ° F .4

1 T h o m as  M idgley, J r ., “ T h e  C om bustion  of F u e l in  th e  In te rn a l-C o m - 
bu stio n  E n g in e ,”  J .  Soc. Automotive Entj., 7 (1920), 489.

2 A n an a ly s is  of th e  fa rm  m a rk e t fo r m o to r tru c k s , pub lished  b y  th e  
G oodyear T iro  A R u b b e r Co.

3 A m erican  P e tro leu m  In s titu te , B ulletin  145, F e b ru a ry  26, 1921.

4 O il P a in t and  D rug Reporter, P e tro le u m  S ection , A ug u st 16, 1920, and  
F e b ru a ry  14, 1921.

J a n u a ry  1920 J u ly  1920 J a n u a ry  1921
C h ic ag o .................................................. 270 275 204
S an  F ran c isc o ......................................  262 270 265
Now  Y o rk .............................................  261 272 265
W a sh in g to n ..........................................  267 279 270
S a lt L ak e  C i t y ....................................  270 286 285
P it t s b u rg h ............................................. 257 275 244
N ew  O rle a n s ........................................  254 285 272

A v e ra g e ...............................  264 278 266

While, of course, a p art of the rise from 204 in January 
to 27S in July was due to the usual seasonal change in 
the quality of gasoline, a p art was also due to the taking 
of more gasoline from the crude in order to meet a demand 
for motor fuel, which was very large during the spring 
and summer of last year. The ratio of gasoline produced 
in January  1920 to the crude run by refineries during the 
same month was about 0.2G. This ratio reached a maxi
mum in June, a t 0.283.1

Stocks of gasoline usually reach a minimum point in 
September or October. In  spite of the phenomenal pro
duction of crude oil during 1920, and the rise in average 
boiling point of motor gasoline during the first half of 
the year, stocks of gasoline a t the end of September were 
lower than a t the same time in 1919, and very little higher 
than a t the end of September 1918, which was during the 
w ar and about the time of the gasollneless Sundays. The 
depressed condition throughout the country during the 
la tte r p art of 1920 reacted on the oil industry and in
fluenced the quality of gasoline. The general reductions 
in the price of gasoline which have occurred throughout 
the country during the past four months are an Indication 
of the conditions which have influenced its quality to the 
extent of bringing its average boiling point back almost 
to the January 1920 figure. But it is to be expected that 
a return to normal conditions will bring w ith It further 
Increases in the average boiling point of motor gasoline, 
especially since very little prospecting or drilling of new 
wells has been done so far this year.

The general trends which have been given above indicate 
tha t the raising of the average boiling point of gasoUne 
has been a necessity ra ther than a m atter of choice with 
refiners. I t  was necessary th a t fuel be supplied to the 
motor vehicles in use, the number of which has been 
growing a t a much faster ra te  than has the production of 
crude oil (Figs. 1 and 2). I t is impossible to predict 
accurately what the future will be, but the automobile, the 
truck, and the tractor have become necessities, and it is 
certain that they will be exploited still further.

In order to keep up production, the oil Industry must 
continually find new sources of crude oil. I t  is estimated 
tha t one-fourth of the oil produced comes from wells less 
than a year old.2 Some large producers of crude oil have 
expressed the belief th a t they will be able to find plenty 
of new sources of oil.3 The United S tates Geological Sur
vey has made a careful estimate of the unmlned supply 
of crude oil in the United S tates,4 and their estim ate, which 
is based on an exhaustive survey, together with the 
amount of crude oil tha t had been taken from the ground 
up to January  1, 1921, is given in Fig. 6. The unmlned 
supply a t th a t time, which was roughly 0,000.000,000 bar
rels, will be exhausted in about 13 years if the rate of 
production is maintained a t the 1920 figure (about 443.000,- 
000 barre ls ) .

1 U . S. B u rea u  o f M ines , R efinery  S ta tis tic s  for 1920.

2 R . D . B enson, “ P ro d u c tio n — th e  P re se n t,”  A m erican  P e tro leu m  In s ti
tu te , B ulletin  132 (D ecem b er 10, 1920), 31.

3 Thos. A . O ’D onnel, P re s id e n t of th e  A m orican  P e tro leu m  In s titu te , 
‘P ro d u c tio n — th e  F u tu re ,” A m erican  P e tro leu m  In s t i tu te ,  B ulletin  132 (D e

cem ber 10, 1920), 32; H e n ry  L . D o h erty , “ T h e  F u tu re  of th e  O il B usiness,” 
ib id ., 45.

4 D av id  W h ite , “T h e  U nm ined  S u pp ly  of P e tro leu m  in  th e  U n ited  S ta te s ,” 
J .  ¿oc.lyluiim o/i'pe Eng., 12 (1919), 361.
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F i g . 6— U n m i n e d  S u p p l y  o f  P e t r o l e u m  i n  t h e  U n i t e d  S t a t e s  a s  
E s t i m a t e d  b y  t h e  U .  S .  G e o l o g ic a l  S u r v e y 1

1 D a ta  f ro m  D av id  W h ite , J .  Roc. A u to m o t iv e  E n g .,  12 (1 9 1 0 ), 361, 
and  U . S. G eological S u rv ey  p ro d u c tio n  s ta t is t ic s .

Assuming tha t the estimate of the Geological Survey Is 
correct, it can be but a very few years until the total 
amount of crude oil th a t lias been mined will approach 
the amount of th is estimate. But, before the total amount 
of crude oil mined can reach the amount of crude oil 
originally in the earth, the slope of the production curve 
must fall off, on account of the reduction in the number 
of new producing wells being brought in and the gradual 
decline of old wells. This will bring the country face to 
face with a real shortage of motor fuel, and a t the best 
it will make us dependent upon foreign supplies of oil. 
Even if the estimate of the Geological Survey should be 
75 per cent in error, which Dr. David W hite of the United 
States Geological Survey thinks Is extremely improbable,1 
the nnmined supply of petroleum in the United States 
would last only twenty-three years a t the rate  a t which 
it was mined in 1920.

Dr. George Otis Smith, director of the United States 
Geological Survey,2 has estim ated th a t if the burden of 
supplying the 50,000,000 horsepower, which he gives as 
the average requirement of the United States, should fall 
upon the coal mines, on the basis of the best steam prac
tice of today, the present power requirements of this 
country could be met for 57,000 years. If  this burden were 
to fall upon our supply of oil, however, on the same basis 
of the best present-day steam practice, he estimates that 
the oil reserves of the United States would last only nine 
years and three months.3

1 " P e tro le u m  R esources of th e  W orld ,”  Sibley Journal E ng., N ovem bet 
1920, 156.

2 "A  W orld  V iew  of th e  O il S u p p ly ,” . A m erican  P e tro leu m  In s t i tu te , 
Bulletin  132 (D ecem ber 10, 1920), S.

3 T he U n ite d  S ta te s  B u roau  of M in es  h a s  e s tim a ted  th a t  on ly  a b o u t 20 
per cen t of th e  o il is  recovered  from  th e  e a r th  b y  p re se n t m othods of ex trac tion  
(G. A. B urrell, Oil Gat J . ,  O ctober 22, 1920, p age  S i) .  I t  is u n lik e ly  t h a t  all 
of th is  oil can  be recovered  by  a n y  m ean s , b u t  i t  seem s likely  th a t  a  process 
will be dev ised  fo r m ak ing  a  h igher p ercen tag e  of th is  oil availab le .

M o t o u  F u e l s  O x i i e r  T h a n  P e t r o l e u m  O i l s  

In view of the petroleum oil situation outlined above, 
conservation of m aterials suitable for motor fuel would 
appear to he a m atter of vital importance. As a  means 
toward such conservation any liquids other than petroleum 
oils that are suitable for motor fuels should be utilized to 
the fullest possible extent, and an increase in the pro
duction of such m aterials should be encouraged. Two 
liquids which are now used as motor fuel to some extent, 
viz., benzene and alcohol, appear to be very promising 
allies to petroleum oils as fuels for internal-combustion 
engines.

s h « . e —  I t  is probably only a m atter of time until some 
motor fuel will be manufactured in this counti’y from shale. 
But oil does not occur In shale as such, and it must be 
produced from the shale by a cracking process. Further
more, the oil so obtained usually contains but a small per
centage of low boiling m aterial tha t Is suitable for motor 
fuel, and the production of an increased percentage of 
light oil necessitates further cracking. The resulting ma
terial is high in content of olefines and must be blended 
with a large percentage of a saturated  oil before It can 
give satisfaction as a fuel for automotive engines. I t  
would seem that the greatest value of shale is as a source 
of fuel oil rather than of motor fuel. Conditions in Eng
land and other countries where motor fuel is produced from 
shale are quite different from those In the United States. 
The price of motor fuel in England during the la tte r part 
of 1920 was more than four shillings per imperial gallon. 
In  spite of this price, and of tiie facts tha t a large per
centage of their motor trucks are steam driven and tha t 
they have had a domestic production of gasoline from 
shale for many years, the motor fuel situation in England 
last year, as in  other European countries, was critical.

b e n z e n e —Benzene, or motor benzene, which is a re fin e d  
light oil, makes a desirable motor fuel when blended with 
gasoline. Such blends give a mileage about equal to gaso
line, and they give operation th a t is very smooth and free 
from fuel knock. However, the present production of light 
oil in the United States is less than 3 per cent of the 
amount of gasoline that is produced. If  all the bituminous 
coal mined in the United States in 1918 (579,3S8,000 to n s )  
had been treated for the production of motor fuel, the yield 
would have been less than one-fifth of the gasoline pro
duced in the United States in 1920.1

a l c o h o l  —The most direct route which we now know 
for converting energy from its source, the sun, into a 
m aterial that is suitable for use as fuel in an internal- 
combustion motor is through vegetation to alcohol. While 
it now appears that alcohol is the only liquid from a direct 
vegetable source tha t combines relative cheapness with 
suitability, any liquid material which can be prepared from 
vegetation and which is right from the standpoints of cost, 
boiling point, heating value, and operation in an internal- 
combustion motor will serve the purpose. The use of 
gasoline or benzene is drawing on the reserves which 
nature has stored up, but which have required long periods 
of time for formation. Because a long period of time is 
necessary for the formation of these m aterials the supply 
cannot be renewed. Alcohol Is obtained from a source the 
supply of which can be renewed from year to year and 
which does not depend upon a definite amount of raw 
material tha t has been stored up in the past.

A l c o h o l  a s  a  M o t o b  F u e l  

Alcohol has been used as a motor fuel to a considerable
'T h e  average y ie ld  of ligh t o il from  a  to n  of coal is  g iv en  as  1.54 g a l, 

"M in e ra l R esources of th e  U n ited  S ta te s ,”  1916, I I ,  515.
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extent and it has been found to be suitable for this pur
pose, and Indeed it has certain advantages; I ts  combus
tion is marked by cleanliness and freedom from any de
position of carbon in the combustion chamber. Because it 
boils at a definite and comparatively low tem perature it 
can be well distributed in multi-cylinder motors. On ac
count of its low boiling point it should give no trouble 
from dilulion of crankcase oil. Alcohol will stand very 
high initial compressions without knocking, and at high 
compressions its combustion is smooth and highly satis
factory. Because of the high compression a t which alcohol 
may be used the available horsepower of ii definite size 
of motor is much greater with alcohol than with motor 
gasoline, if each be run a t its most economical compression.

The curve In Fig. 4 shows how an increase in initial 
compression affects thermal efficiency. Since alcohol does 
not knock even a t compression ratios in excess of 8 .2 :1, 
which a t wide open throttle and average motor speeds 
gives a compression considerably above 200 pounds per 
square Inch, it may be run at such a compression that it will 
give as good fuel economy as gasoline, although Its heating 
value is considerably lower than th a t of gasoline. Compara
tive tests of alcohol and gasoline run at ISO and 70 pounds 
initial oompression, respectively, have shown that, in general, 
equal volumes of these fuels are required per brake liorso- 
power-hour.1

D i s a d v a n t a g e s  o f  A l c o h o l . —A s  a  m o to r  fuel a lc o h o l  h a s  

certain disadvantages which should be enum erated here:
1—Low healing value—around. SO,000 B.t.u. per gallon, as com

pared to about 120,000 B.t.u. per gallon of gasoline. Because of 
the freedom of alcohol from tendency to knock, this difficulty 
may be overcome by initial compressions which are high enough 
so to increase the thermal efficiency that the output per gallon 
of alcohol is equal to that of a  gallon of gasoline. Such a motor, 
however, would be a special device which could not run on 
gasoline, and which, therefore, would not be feasible under 
present conditions.

2—High latent heat and low vapor pressure make it hard to 
start. This difficulty has been overcome by blending with light 
petroleum oils, for which purpose casinghead gasoline is very 
suitable.

3—Is absorbed by cork carburetor floats, thus rendering them 
useless. Loosens gummy or other materials deposited in fuel system 
and thereby clogs screens in the fuel lines. If alcohol alone or blended 
is used as a fuel it necessitates metal carburetor floats and clean 
fuel lines.

4—Will not blend with petroleum oils unless it is either practically 
free from water, or unless a binder is used. A number of materials 
have been used to blend 95 per cent alcohol with petroleum oils, 
of which Lenzene is probably the best. The unsaturated mate
rials in cracked petroleum oils are effective and cheap, but the 
final percentage of unsaturation must be kepi low so as not to 
cause motor trouble resulting from the polymerization of such 
materials to gums or tars.

While some of the above difficulties are real, from the 
standpoint of a large percentage of the nine million motors 
now in use, they are such th a t old and new motors can 
readily be adapted to utilize alcohol as a fuel a t a much 
faster rate than the production and distribution of alcohol 
can be increased. So far alcohol as a motor fuel has been 
of very minor importance. The production of denatured 
alcohol in the United States has never exceeded 100,000,- 
000 gals, a year. While this is apparently a large figure, 
it is only about 2 per cent of the volume of motor fuel 
consumed in the United States last year.

S o u r c e s  o f  I n d u s t r ia l  A l c o h o l

At present the principal source of industrial alcohol is 
the blackstrap molasses obtained in the refining of cane 
sugar. The yearly consumption of Cuban and Porto Rican 
blackstrap in the principal American plants is about 130,-

1 U n ited  S ta te s  B u reau  of M ines, Bulletin  43 , 10.

000,000 gals, a year.1 Other sources of alcohol are starchy 
food stuffs and waste cellulose-containing material, such as 
wood. Two plants manufacturing alcohol from waste wood 
have been in successful operation in this country for the 
la st few years.2 These plants obtain a yield of from  15 to 
25 gals, of 95 per cent alcohol per ton of dry wood at a cost 
of about 25 cents per gallon. From the wood which is ab
solute waste, th a t is, which is not utilized for reworking or 
for fuel, it is estimated tha t there could be produced 240,- 
000,000 gals, of 95 per cent alcohol. This is on the basis of 
15 gals, per ton of dry wood, utilizing only soft wood waste.3

The large amount of motor fuel required seems to ex
clude the possibility of preparing any considerable per
centage of the necessary amount from foodstuffs. In 
illustration of this statem ent the following figures are of 
in terest/1

A vorago a n n u a l U . S. p ro d u c tio n  of corn, 1913-1919,
bushels  2,740,000,000

A verage a n n u a l acreage in co rn , 1913-1919 106,000,000
A lcohol from  th e  corn  a t  2.75 gallons p e r  bushel 7,500,000,000

The heating value of this amount of alcohol is about 
equal to th a t of 5,000,000,000 gals, of gasoline. The pro
duction of gasoline in the U. S. during 1920 was very 
close to this amount, it having been about 4,900,000,000 gals. 
The average acreage in corn as given above is equal to 
106,000 sq. miles, which is more than four times the total 
area of Ohio. In view of the fact that the possible alcohol 
production from corn represents close to 60 per cent of 
the total possible amount of alcohol tha t could be pre
pared from all of the starch and sugar containing food
stuffs produced in the United States, and th a t such a large 
acreage is required for its production, the possibility of a 
sufficiently large Increase in production of such materials 
to he diverted to the manufacture of motor fuel seems very 
unlikely. At any ra te  if large quantities of motor fuel 
are to be prepared from vegetation another material, if 
not instead of foodstuffs, a t least in addition to foodstuffs, 
must be relied upon as a source.

C e l l u l o s e  a s  a  S o u r c e  o f  M otor  F u e l

This m aterial is cellulose. I t  is suitable from a chemical 
standpoint, it is readily available, It is easily produced, 
and its supply is renewable. By the return  to the soil 
of the refuse material from the production of alcohol the 
soil would lose none of its constituents th a t are necessary 
in order to keep up its fertility. But a number of large 
problems will have to be solved before cellulose can be 
relied upon as a source of motor fuel.

The largest of these problems is the development of a 
commercial process that will give a  good yield of alcohol 
from cellulose. This is a problem which must be solved 
by men trained in chemistry. A yield of 20 gals, from a ton 
of material which is about 50 per cent cellulose is consider
ably less than one-half of w hat it should be. A yield of 
50 gals, of alcohol from a ton of wood or other cellulose 
containing material would give the m anufacture of motor 
fuel from such m aterial an entirely different aspect. If 
a yield of 60 to 05 gals, of motor fuel could be obtained 
from a ton of cellulose-containing m aterial by a process 
tha t would compare favorably in cost with th a t now used 
to make alcohol from wood its success would be assured, 
and the danger of a serious shortage of motor fuel would 
disappear.

1 G eo. M . A pircll, "A lcohol P ro d u c tio n  from  M olasses,” Chem. A g« ( N .Y . ) > 
29 (1921), S3.

2 E . C . S h erra rd , “ M an u fac tu re  of E th y l A tcohoi from  W ood  W a ste ,', 
Chem. A te ,  29 (1921), 53.

3 E . C . S h e rra rd , p r iv a te  com m un ication  “ B rief R e p o rt o n  W ood W aste  
A vailab le  fo r P ro d u c tio n  of E th y l A lcohol,"  F o re s t P ro d u c ts  L abo ra to ry .

4 B ased  on s ta tis tic s  of U. S. D ep t, of A gricu ltu re.
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Of almost equal Importance, w ith the development of a 
process is the problem of supply of raw  material. On the 
basis of 50 gals, to the ton, 100,000,000 tons of raw ma
terial would be required to yield the almost 5,000,000,000 
gals, of motor fuel produced in the United States last year. 
This is more than one-fifth of the amount of bituminous 
coal mined in the United States in 1019. Yet it is slightly 
less than the weight of hay produced in this country in the 
same year. Not only must there be a plentiful supply of 
raw material, but it must also be cheap. I f  it should cost 
one cent a pound or twenty dollars a ton the cost of the 
raw m aterial alone would be 40 cents a gallon, even on the 
basis of 50 gals, to the ton. The supply of raw  material 
must be constant enough to permit plants to be operated 
throughout the year, and the distance over which it is 
transported must be such tha t transportation charges will 
be low. The solution of the problem of supply will depend 
largely on the success that is met with in developing a 
satisfactory process, and it may lie in the utilization of 
waste m aterials and the production of rapid growing plants 
in a climate th a t permits growth during the whole or a 
large p art of the year.

I t is important tha t a change in government regulations 
be secured, in order both to simplify and cheapen this work. 
The adaptation of motors to utilize alcohol efficiently as 
fuel will come w ith the development of its  distribution 
and use as a fuel. There are no doubt a number of other 
and smaller problems which may require considerable 
effort, but which will be solved if the major difficulties are 
overcome.

The large amount of research work which has been done 
in the past by a number of different investigators in an 
effort to make alcohol from cellulose has resulted in cer
tain definite and important discoveries. I t  has been 
demonstrated tha t cellulose can be changed almost quan

titatively to dextrose, which in turn can be converted to 
alcohol.1 While it has been found tha t different m aterials 
serve as reagents for making this hydrolysis, only strong 
acids have so far been found to effect an approximately 
quantitative conversion of cellulose to dextrose. The cost 
of these materials and the diliiculty of their recovery makes 
a proccss for the m anufacture of motor fuel which is 
based upon their use fa r from commercial. But cellulose- 
containing m aterials give a considerable yield of ferm ent
able sugar upon being subjected to the action of very dilute 
acids at elevated temperatures and under pressure. This 
is the basis of the process tha t is now used in making 
alcohol from waste wood, and which gives a yield of from 
15 to 25 gals of alcohol per ton of dry wood.1 The fact 
that a quantitative conversion of cellulose to dextrose can 
be accomplished shows the possibility of this material as 
a source of alcohol, if a process can be found which will 
approach on the one hand, the cheapness of the dilute acid 
process and, on the other, the almost quantitative yields of 
the strong acid process.

The progress which has so far been made in the manu
facture of alcohol from cellulose, and the great necessity 
for and possibilities of such a process, justify a large 
amount of further research being put into an effort to make 
the preparation of a liquid motor fuel from cellulose a 
commercial success. And from all indications it will re
quire a great amount of further research work to accom
plish this result. The success of the efforts which are 
being made to establish or determine the chemical structure 
of the cellulose molecule should make a large contribution 
to the advancement of cellulose chemistry. I f  the produc
tion of a liquid motor fuel from cellulose can be accom
plished on a large scale, it will add greatly to the Im
portance and burden of this widely distributed and already 
very valuable product of nature, as well as solve the prob- 
’em of the future supply of motor fuel.

The Role of the Chemist in Relation to the Future Supply of Liquid Fuel1
By Harold Hibbert

D e p a r tm e n t o f  C h em is try , Y a le  U n iv e rs ity , N ew  H a v e n , C o n n ec tic u t

According to a recent report of the United S tates Geo
logical Survey, if the rate  of production of crude oil in 
1920, namely, about 443,000,000 barrels, continues to  be 
maintained our supply of crude oil will have become en
tirely exhausted in about 13 years. Does the average 
citizen understand w hat this m eans? In from  10 to  20 
years this country will be dependent entirely upon outside 
sources for a supply of liquid fuel fo r farm  tractors, motor 
transportation, automobiles, the generation of heat and 
light for the thousands of country farm s, the m anufacture 
of gas, lubricants, paraffin and the hundreds of other 
uses in which this indispensable raw  m aterial finds an 
application in our daily life.

It m ust be frankly  adm itted th a t a t the present mo
ment there is no solution in sight, and it looks as if  in 
the ra th e r near fu tu re th is country will be under the 
necessity of paying out vast sums yearly in order to ob
tain supplies of crude oil from  Mexico, Russia and Persia. 
I t is believed, however, th a t the chemist is capable of 
solving th is difficult problem on the understanding th a t he 
be given opportunities and facilities for the necessarily 
laborious and painstaking research work involved.

We already know, for example, th a t i t  is possible to 
obtain alcohol from  corn and a variety  of grains on the

1 R ea d  b e fo re  th e  C ellu lose  S ec tio n  a t  th e  61st M ee tin g  o f  th e  
A m erican  C hem ica l S oc ie ty , R o c h e s te r , N . Y ., A p r il  2G to  29, 1921.

one hand, and from wood, on the other. Such a synthesis 
of liquid fuel is, in the last resort, nothing more than the 
utilization of the energy supplied by the rays of the sun. 
Through this agent the young plant is developed, crops 
are grown and harvested and from  both a  liquid fuel, 
namely alcohol, can be m anufactured.

There appears to be no doubt th a t if the la tte r  could be 
obtained at a reasonable cost and in quantities sufficient 
for the purpose the problem would be solved, since the 
evidence is fairly  conclusive th a t alcohol is capable of re
placing gasoline with but little alteration necessary in 
the present type of engine design.

The problem thus becomes one of finding a sufficient 
supply of suitable raw  m aterial. As indicated by Boyd,3 
the available quantity of blackstrap molasses is sufficient 
to supply only a  very small fraction of the alcohol re 
quired, while the utilization of cereals cannot be under
taken without seriously endangering the nation’s food 
supply. On the other hand, as indicated in the interesting 
communications of both Boyd and W hitford,4 it would 
seem tha t cellulose in one form  or another should be cap
able of filling the role.

I t  is known th a t when wood (which consists of about 
50 per cent cellulose) is trea ted  w ith acids it  is converted

1 W ills ta tU r an d  Z echm eister, Her., 46 (1913), 2401; H . O st, if-id., 2995.
2 E . C . S herra rd , Chem. Aget  29 (1 9 2 i) t 76.
3 JO U R N A L , 13 (1921), 836.
4 To be pu b lish ed  la te r .
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into dextrose, which la tte r, on ferm entation, yields ethyl 
alcohol, one ton of sawdust giving about 20 gallons of 
alcohol or roughly about 35 per cent of the theoretical 
quantity. On this basis the supply of wood necessary to 
produce 4,430,000,000 gallons (the present annual require
m ent assum ing equal value per unit of motive power) 
would am ount to around 221,500,000 tons, equivalent to 
about 14,760,000,000 cubic feet (assum ing a cubic foot of 
wood to weigh 30 pounds). The to ta l am ount of wood 
available fo r liquid fuel which could be secured from  the 
forests of the United S tates w ithout encroachment upon 
the supply of other forest products is estim ated by Pro- 
fesor Hawley of the Yale F orestry  School as am ounting 
to about 11,030,000,000 cubic feet, or roughly 75 per cent 
of present requirem ents. This is made up as follows:
W a ste  in  th e  w oods a n d  a t  th e  m i l ls ..........................................  4,800,000,000
L osses f ro m  fire, in sec ts  a n d  fu n g i ( th i n n in g s ) ...................  1,730,000,000
E x cess  o f  p o ssib le  g ro w th  o v e r a n n u a l  c u t  ( th i n n in g s ) . . .  1,750,000,000 
In c re a se d  g ro w th  d u e  to  m o re  in te n s iv e  c ro p  m a n a g e 

m e n t ( th in n in g s )  .................................................................................  2,750,000,000

T O T A L .. .  .11,030,000,000
I t  is evident from- these figures th a t a considerable per

centage of the necessary raw  m aterial can be obtained 
from  domestic sources, but is it available as the basis of a 
commercial proposition? No definite figures are obtain
able as to the cost of transporting  th is enormous quantity 
of w aste lumber to suitable locations for conversion into 
alcohol, but the evidence indicates th a t i t  would be pro
hibitive under present conditions.

As stated  above, the present yield of alcohol is only 
about 20 gallons per ton of wood, whereas, theoretically, 
it should be around 60. Furtherm ore, the present cost of 
conversion, not assum ing any value for the wood, cannot 
am ount to less than approxim ately 20 cents per gallon. 
If  the chemist could improve the yield considerably there 
is the possibility of decreasing th is to around 10 cents, 
whereby the utilization of a wide variety  of w aste cellu- 
losic m aterial would then appear much more inviting.

In view of the cost of “assem bling” waste wood it would 
seem th a t products such as flax straw , hemp hurds, sorg
hum, bagasse, corn straw  and cobs, sugar cane and saw
dust would seem to m erit prior consideration, since the 
cost of “assembling” or “partially  assem bling” such m ate
rials has already been borne in connection with the m an
ufacture of the prim ary raw  product.

The problem as to the best and cheapest source of raw  
cellulosic m aterial is one which does not adm it of easy 
solution, and the in teresting  and valuable data  in P ro
fessor W hitford’s paper indicate the g rea t importance 
of location, namely, tropical growths as compared with 
those of more tem perate zones. His figures relative to 
bamboo and nipa palms are of in terest, since they indi
cate th a t an area  of the Philippines equal to some 63,300 
square miles, if  planted to  bamboo, could probably be 
made to yield, by proper selection and cultivation, suffi
cient cellulose to supply our present demands for liquid 
fuel in the form  of alcohol.

The whole subject requires serious consideration on the 
p a rt of p lant physiologist, cellulose chemist and forester, 
and the activity  a t present being shown by the Govern
m ent in furtherance of reforestation m ight, w ith advan
tage, also be extended to a study of the widest variety  
of “annuals” as a source of raw  m aterial fo r liquid fuel.

The amount of alcohol obtained on ferm entation de
pends on the yield of sugar from  the original cellulosic 
m aterial, and the higher the content of this the g rea ter 
the yield. In  other words, if  the p lant physiologist could 
develop a rapid-growing species of tree or shrub, con
sisting of an outer cover of cellulose with an inner packing

of starch granules, this would presumably go a long way 
towards providing a solution of the problem of obtaining 
the necessary raw  material.

The ta sk  is one of such m agnitude th a t none of the 
usual chemical m anufacturing processes, involving only 
cheap chemicals and simple apparatus, need be taken into 
consideration, since the cost of operating by the usual 
methods would presumably be prohibitive.

A process requiring, fo r example, only five pounds of 
any given chemical fo r the m anufacture of 100 gallons 
of alcohol, would mean for an output of 4,430,000,000 gal
lons (the present requirem ents) some 100,000 tons. Sim
ilarly, each one per cent of by-products would represent 
about 20,000 tons. F igures such as these would seem to 
indicate th a t the solution of the problem will have to be 
found in some process, not strictly  chemical, and in which 
there are no by-products which cannot be utilized.

Is there any possibility of finding such? Fortunately 
there is.

S a c c h a r if y in g  O r g a n is m s

Of all chemical processes those carried out by living 
organism s or enzymes are, com paratively speaking, the 
cheapest to operate, since the expense fo r labor, etc., is 
small, due to  the efficient m anner in which the tiny organ
isms operate.

The recent work carried out by Boulard in France on 
the production of alcohol from  starch by the action of 
certain  alcohol-producing fungi indicates a new method 
of approach from  which apparently much may be ex
pected. By the action of these new agents i t  is claimed 
th a t starch may be converted directly into alcohol, al
though in practice it  has been found better to use the 
fungi only for converting the starch  into sugar and then 
to ferm ent the la tte r  w ith yeast. Much higher yields are 
claimed than w here the saccharification is effected by 
acids or by malt. Large-scale experim ents are stated to 
show a yield of 39 to 44 liters of pure alcohol from  100 
kilogram s of grain  compared with 27 to 33 by the acid 
and 34 by the m alt process.

This utilization of fungi for effecting saccharification 
(conversion of starch, etc. into sugar) would seem to have 
an im portant bearing on the subject under discussion.

The evidence which is accum ulating with such ex tra
ordinary rapidity  from  day to day relative to the con
stitution of starch  and cellulose1 indicates th a t they are 
relatively simple products, the properties of which it is 
now possible to predict w ith some degree of certainty. 
There is also no doubt but th a t in a short tim e the nature 
of the intim ate connection between these two m aterials 
will have been definitely established. This being the case, 
the recent work of Pringsheim 2 in Germany on the action 
of certain  fungi on cellulose assumes considerable im
portance.

This scientist (not inventor, technical or consulting 
chemist, be it  noted, guided by the epoch-making work 
of Buechner on ferm entation and the action of ferments, 
has been able to show th a t there is a s tric t analogy be
tween the ferm entation of certain  carbohydrates such as 
maltose, cane sugar, starch  dextrins, etc., and th a t of 
cellulose. In the form er cases ferm entation takes place 
in two stages in which two different groups of ferments 
play an active role. These are the “hydrolytic” and “fer
m enting” types, respectively. The form er bring about the

1 K a r r e r  a n d  N ae tte li, H E L V E T IC A  C H IM . A C T A , 4 (1921 ). 169. 
185, 2 6 3 ; H ess, Z . E L E K T R O C H E M ., 26 (1920), 23 2 ; K a r r e r  a n d  W id- 
m e r, H E L V E T IC A  C H IM . A C T A , 4 (1921), 174 ; F rc u d e n b e re . B ER ., 
45 (1921) ; H ib b e r t ,  T H IS  J O U R N A L , 13 (1921), 256, 334.

2 H a n s  P r in g s h e im , Z. P H Y S IO L . C H E M ., 78 (1912 ), 266.
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hydrolytic conversion of the maltose, starch  dextrins, etc. 
into glucose, while the la tte r  induce ferm entation of this 
with form ation of alcohol.

Similarly under the action of certain  ferm ents, asso
ciated w ith specific m icroorganisms found in horse- 
manure, river mud, etc., cellulose is converted into glucose. 
The first change is brought about by the action of the 
hydrolytic ferm ent “cellulase” which converts the cellulose 
into cellobiose. Under the action of a second ferm ent 
“cellobiase” the cellobiose is converted into glucose.

Cellobiose has recently been shown1 to possess the 
structure

c h 2 o h - c h o h - c h - c h o h - c h o h - c h - o - c h - c h o h - c h o h - c h o h  c h „ o h
I——-— O----------1 I------------- - o — i ,

and its close relationship to dextrose on the one hand and 
to cellulose on the other has been recently emphasized 
by various chemists, including the author.2

The data obtained by Pringsheim  would appear to have 
an im portant bearing on the subject under discussion, 
since if it were possible to translate  the same into com
mercial practice, in which any type of w aste cellulosic 
material (vegetation, fibers, etc.) could be utilized, the 
problem of a fu ture supply of liquid fuel would seem to 
be much nearer a solution.

I t thus becomes possible, and permissible, to draw on 
the im agination and to visualize our fu tu re  supply of 
liquid fuel as resulting  from  a direct conversion of the 
sun’s rays through the medium of vegetation, the cellu
lose in which, under the influence of specific m icroorgan
isms is transform ed first into cellobiose, secondly into glu
cose, and then into alcohol. This would mean the u tiliza
tion of most of our w aste fiber such as corn stalks, flax, 
waste wood, etc., by the cheapest and most economical of 
all processes, namely a combined saccharification-ferm en
tation process brought about by the ceaseless activity of 
myriads of tiny  microorganisms.

The apparatus would probably consist of a simple type 
of vat fo r conducting the ferm entation of the ground cel
lulosic m aterial, together with stills for the rectification 
of the alcohol.

This visualization of the im portant role to be played 
by alcohol in the fu ture economic life of the nation points 
to the im perative necessity for the fostering of anything 
calculated to develop and m aintain the m anufacture of in
dustrial alcohol a t the h ighest point of efficiency. A t the 
moment there is some danger th a t the recent brilliant ac
complishments in th is field, may, under the influence of 
pernicious and unenlightened legislation, be stultified to 
such an extent as not merely to  cripple existing chemical 
industries, but to endanger our national standing and se
curity, associated as i t  is so intim ately w ith th a t of an 
adequate fu tu re supply of liquid fuel for transportation  
purposes.

S o u r c e s  O t h e r  T h a n  A lco h o l

While throughout this paper especial importance has 
been placed on the production of alcohol, the possibility 
of a cheap fuel from  other sources of available raw  m a
terial such, for example, as th a t of furfuraldehyde from  
corncobs should not be overlooked, and the interesting 
results of La Forge in th is field are entitled to serious 
consideration, especially in view of the data submitted. 
According to, th is au thority  the corn w aste (stalks and 
cobs) amounts to about 130,000,000 tons, capable of yield-

1 H a w o r th  a n d  H ir s t ,  J .  C H E M . S O C ., 119 (1921), 193.
a P r in Ksh e im , LO C . C IT ., 2 8 0 ; H ess, LO C . C IT ., K a r r e r  a n d  W id - 

m er, LO C. C IT ., H e u se r , " L e h rb u c h  d e r  C ellu lo sech em ie ,"  1921 ; H ib - 
b e rt , LO C. C IT .

ing 13,000,000 gallons of furfuraldehyde or a to tal of
3,900,000,000 gallons. In  addition to  th is there is also ob
tained an immense quantity  of cellulose which could be 
converted into alcohol. While the few experim ents a l
ready carried out on the use of furfuraldehyde as a mo
to r fuel apparently indicate its  unsuitability  on the ground 
of “pre-ignition” in the motor, i t  is not improbable, should 
the necessity arise, th a t this could be overcome.

There is also the question of the extensive deposits of 
shale aw aiting suitable development fo r conversion into 
liquid fuel, and it m ay reasonably be expected th a t ex
ploitation of these will take place in the not-too-distant 
future.

The im portant task  for our domestic companies con
cerned with the production and m arketing  of gasoline, 
and faced w ith an impending shortage of the ir raw  m a
terial in  the near future, would seem to lie in intensive 
scientific research work in the fields of cellulose and plant 
chemistry on the one hand, and of bacteriology on the 
other.

I t  would* be no small laurel in the crown of one of the 
two or three leading oil companies, fo whose ingenuity, 
skill, and daring the present generation owes no small 
p art of its everyday comfort, if  within the next ten years 

’they were able to announce the completion of the first 
commercial unit, in which pulped cellulosic m aterial from 
any source could, under the action of sturdy m icroorgan
isms be converted with theoretical yield, first into sugar 
and then into alcohol. Failing the necessary in terest on 
the p art of the oil companies, perhaps th a t peculiarly 
American genius, Mr. Ford, m ight be induced to add to 
his industrial conquest of the “cheapest car,” not only 
“cheap fertilizer” but also “cheap synthetic fuel,” and in 
so doing increase still fu rthe r the debt of gratitude on 
the p a rt of the American public.

F or the moment the solution outlined above is simply 
a “scientific dream ” but wilder phantasies than th is have 
proved capable of realization!

“Patient, intensive, scientific research” is the keynote 
the w riter desires to leave as his closing phrase to those 
most interested in the solution of th is fascinting problem.

The Bureau of Chemistry, United S tates D epartm ent 
of Agriculture has ju st completed a compilation of reports 
from the individual producers and consumers of naval 
stores for the 1920 producing season, which shows th a t 
488,548 casks of gum spirits of turpentine, and 1,577,398 
round barrels of gum rosin were made. There were on 
hand a t  the stills on March 31, 1921, the close of the 
1920 season, 30,429 casks of sp irits of turpentine and 
327,055 round barrels of rosin. The following table shows 
the above data in comparison w ith th a t fo r the 1919

S eason  1920 S easo n  1919
T u rp s . R osin  T u rp s . R o s in

P ro d u c tio n  fro m  p in e  g u m . . . . . . . 4 8 8 ,5 4 8  1,577,398 366,000 1,237,000
P ro d u c tio n  f ro m  w ood a n d

s t i l l  w as te s  .........................................  34,932 180,138 30,889 159,271
M a rc h  31, 1921 F eb . 2, 1920

S to ck s  on  h a n d  a t  s ti l ls ,  en d  o f
season   ..............................................  30,429 327,055 #3,394 138,525

S easo n  1920 S easo n  1919
S tocks  a t  w ood d is ti l l in g  a n d  ro s in  

re c la im in g  p la n ts  en d  o f  ca len 
d a r  y e a r  ................................................ 7.616 50,822 1,764 22,593

M arch  31, 1921 F eb . 2, 1920
S tocks  in  h a n d s  o f  c o n s u m e rs   30,528 217,302 26,340 290,015
S tocks  a t  p o r ts  a n d  y a rd s , p r i 

m a ry  so u th e rn  p o r ts  ...........   60,916 432,238 34,519 211,238
E a s te rn  p o r ts  a n d  d is tr ib u t in g

p o in ts   ..............................................  2,558 11,063 2,363 23,417
C e n tra l d is tr ib u t in g  p o in t s ...............  10,364 35,567 14.558 28,5y4
W e ste rn  d is tr ib u t in g  p o in t s ............ 848 275 2,634 777

T o ta l .................................................  74,686 479,142 54.174 263,946
T o ta l p ro d u c tio n  ................................... 523,480 1,757,536 396,889 1,396,271
E x p o r ts , c a le n d a r  y e a r  . . . . .1 8 9 ,1 6 8  652,023 213,442 677,662
-L e ft f o r  dom estic  u s e s ......................... 334,312 1,105,513 183,446 718,609
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SOCIAL INDUSTRIAL RELATIONS

The Science of Human Engineering
By h .  \v.

S yra cuse ,
'Under the title, “ Manhood of Humanity,” the Polish en

gineer Alfred Korzybski lias just issued a book on The 
Science of Human Engineering. E. P, Hutton & Co. are the 
publishers.

Korzybski's work, in conjunction with Professor Edwin 
G. Conklin's, “ The Direction of Human Evolution,” pro
vides a solid foundation of eternal natural law upon which 
chemists and engineers can build a new, unique, social in
dustrial structure which shall characterize industry of the 
twentieth century by scientific humanitarianism  as indus
try  of tlie nineteenth century was characterized by scientific 
materialism.

Robert B. Wolf, vice president of the American Society 
of Mechanical Engineers and a member of the Federated 
Engineers’ Committee on Elimination of National Economic 
W aste says, “ I consider Count Korzybski’s discovery of 
man’s place in the great life movement even more epoch-' 
making than Newton’s discovery of the law of gravitation.
It will have a far greater effect upon tlie development of the 
human race.”

And A. F. Sheldon, president of the International Rotary 
Club, writes, “ In my judgment Korzybski’s ‘ Manhood of 
Humanity ’ is potent with possibilities of being a mighty 
contributing factor in restoration of financial equilibrium 
and economic balance throughout the world and the bring
ing about of a status of justice to all parties concerned in 
industrial and commercial relationships, employee as well 
as employer.”

W ithout further comment “ The Manhood of H um anity” 
is commended to the earnest study of American chemists.

We are living in an age of sw ift social action. In Eng
land, the status of labor has advonced further toward ef
fective political power in the past seven years than in 
the previous two centuries. In our own country, as well 
as in England, direct political power of women has grown 
more in the last decade than in all previous ages. And tlie 
Russian Revolution, of some five years’ duration, marks the 
transition of the peoples of the eath from competitive, indi
vidualistic industrialism to cooperative, democratic indus-

Jordan
N . Y.
tria lism ; ju st as tlie French Revolution marked the passing 
of feudalism and the beginning of individualism.

The rapid transition will bring no greater disturbance 
than tha t which attends hurried installation of any im
proved process of manufacture, with erection of much new 
apparatus while keeping the plant In full operation ,if we 
be guided by tlie basic laws of evolution disclosed by Conk
lin and Korzybski. On tlie other hand, if we disregard these 
eternal laws and let ourselves be led by emotion and selfish, 
momentary expediency we will bury the social industrial 
world plant In a muddle of chaotic disorder.

If  we remain content to let temporizing political leaders 
enact manmade laws, in u tter disregard and defiance of 
laws of biological evolution, we will have “ burned the barn 
to roast a pig.”

Discussing the social industrial trend of 1921 and tlie 
rather ruthless regard of chemists and engineers by non
resident financial managers of great industries which the 
chemists and engineers have created by scientific research 
and applied science, a  leading American engineer recently 
wrote, “ Tlie worst of the situation is tha t those responsible 
for it are not onsclous of the fact tha t they are violating 
natural law. But natural law always works, regardless of 
whether we violate it consciously or unconsciously. To sa.v. 
* we didn’t know it was hot, does not make the blister any 
less painful.’ ”

Chemists and engineers, collectively constitute the key
stone of the social industrial structure. They stand be
tween capital, executive management, and government reg
ulation on the one hand, and labor, intellectual workers, and 
the public on tlie other. By their practical knowledge of 
science they rise head and sholders above either curve of 
the arch. They attained tha t preeminence through materiel 
science applied to industry.

To-day the keystone is in danger of disintegrating under 
the influence of corrosive seepage from active domination 
on the side of capital, and from crass indifference on the 
side of the public. The arch will collapse in ruin unless 
the keystone be protected by the acid resisting power of 
research applied to the Science of Human Engineering.

SCIENTIFIG SOGIETIES
The New York Meeting

This issue of th e  J o u r n a l  is scheduled to reach our 
readers a  day or two before the g rea t rally  of Anglft- 
Saxon chem ists takes place in New York under the 
auspices of the American Chemical Society and the 
American Section of the Society of Chemical Industry. 
Doubtless, it will be the la rgest m eeting approaching in
ternational proportions which has ever been held in this 
country. Our guests of the Society of Chemical Industry 
of G reat B ritain  and its various Canadian sections will 
be receiving a welcoming hand in New York probably 
before they read these lines, yet, in order to be all-in
clusive, a form al welcome to both, members of the A m er
ican Chemical Society and their guests, from  our own

President E dgar Fahs Smith is published herewith:
A M essage of Welcome and a Call to Duty 

from President E. F . Smith
Honored Guests and Fclloiv Members of the American 

Chemical Society:

You are aw are th a t Chem istry is to-day much in the 
eye and on the tongue of every true, wide-awake Amer
ican; hence it behooves us to make every effort to attend 
the m eeting in New, York, th a t we may hear subjects of 
vital importance discussed by thoughtful, far-sighted  men. 
Through the fearfu l ordeal, visited upon i t  by the world 
w ar, our Country has learned the powers of-the A m e r i c a n  
chemist. To m aintain the position w’on by him it  is ab
solutely essential th a t chemists should foregather with 
the ir colleagues and participate in the m eetings and ad
vise on the various topics which will come before the
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D R . M IL T O N  L . H E R S E Y  H . W . M A T H E S O N , M .Sc.,
P a s t  C h a irm a n , C a n a d ia n  S ec- F .C .I .C .

t io n , S .C .I . C h a irm a n , M o n trea l S ection

M R. C. R . H A Z E N  D R. R . F . R U T T A N
C h a irm a n , A r ra n g e m e n ts  Com - P a s t  P re s id e n t , C a n a d ia n  Sec- 

m itte e , C a n a d ia n  M ee tin g  tio n , S .C .I.

Society in its several sections. F urther, chemists should 
fraternize more than  they have in the past. As fa r  as 
possible we chemists m ust become a unit—learn to know 
one another more intim ately.

In the several Bulletins, issued by sections during the 
year and which have been thoughtfully sent to my desk, 
I note the enthusiasm  w ith which local in terest is 
being developed but our main objective m ust continue to 
be a strong  unified national viewpoint. This can be se
cured only by the opportunity of personal contact which

our general m eet
ings afford. Come, 
hear w hat your col
leagues have to say.

Is there to be an 
A m e r ic a n  Chem
istry  ?

This q u e s t io n  
surely will be an
swered affirmatively 
by all of us. T hat 
there may be no 
doubt make it  a 
point to be in New 
York in September.

We are to have 
the privilege and 
pleasure of g reating  
fellow c h e m is t s  
from  the Dominion 
to the N orth and 
from b e y o n d  the 
s e a s . T h e y  a re  
b r in g in g  w o r t h 
w h ile  messages. 
Let them our love 
and enthusiasm  for

S IR  W IL L IA M  J .  P O P E . D .Sc., F .R .S ..
P re s id e n t, S ocie ty  o f  C hem ica l Industry- 

K .B .E .
a common Science.

These lines are  hastily  w ritten  
that you m ay know of m y g rea t desire to have you come 
out and le t yourselves be seen. I shall be delighted, as

-and only w ritten -

E . V . E V A N S , O .B .E ., F .I .C . D R. J .  P . L O N G S T A F F
H o n o ra ry  T re a su re r , Socie ty  o f  G en e ra l S e c re ta ry , S ocie ty  o f

C hem ica l In d u s try  C hem ica l In d u s try
always, to g reet my brethren, who have so splendidly 
made chemistry come home to every m an’s business and 
bosom. If  we hope to achieve success as a profession it 
devolves upon us to  act unitedly.

The opportunity to make chem istry secure in America 
is now.

There is no exaggeration in declaring th a t the present 
is a very critical moment for chem istry and chemists in 
this Country.

Let us make this the best m eeting the Society has ever 
enjoyed.

F aithfully  yours,
(Signed) E d g a r  F. S m i t h .

PROGRAM OF THE MEETINGS 
A general outline of the program  and activities of the 

New York meeting was printed in the A ugust issue of 
T h i s  J o u r n a l ,  but some of the main features and p a r t
icularly the final details as nearly as they could be a s 
certained a t the tim e of going to press are given below.

The program of the Society of Chemical Industry  will 
have been completed a t  Montreal by September 1st. The 
committee in charge have outlined the following en ter
tainm ent program  for visiting members upon the com
pletion of their trips to Ottawa, Toronto and N iagara 
following the m eeting a t  M ontreal:

M o n d a y ,  S e p t e m b e r  5 

Foreign  guests w ill be met by  a C om m ittee from the A m erican  
Section and conducted through industries on the A m erican  S id e  o f 
the F a lls . Luncheon at lhe F a lls . D in n e r at B uffa lo . S pec ia l tra in  
o f S leeping C ars  to Syracuse, N . Y .

T u e s d a y ,  S e p t e m b e r  6  

T h e  So lvay  Process C om pany, S yracuse, N . Y „  w ill en te rta in  at 
luncheon and  a  tour through the g reat facto ry . Luggage w ill be  left 
on the tra in  w hich w ill not dep art until m id -afternoon  and  w ill p ro 
ceed to A lb an y , w here we w ill take the night boat dow n the H udson  
R iver to N ew  Y ork .

D R. F R E D E R IC K  W . A T A C K  
E d ito r , “ C h em is ts ’ Y e a r  Book”

C A P T . C. J .  G O O D W IN
H o n o ra ry  T re a s u re r ,  C hem ical 

In d u s try  C lub
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W e d n e s d a y ,  S e p t e m b e r  7 

N ew  Y ork , 1 :0 0  P .M .— L uncheon by  the A m erican  Section  to F o r
eign guests.

4 :0 0  P.M .— R eception  and  tea to F o reign  guests, and  to 
Scientific Societies, a t C olum bia U n iv e r
sity.

8 :0 0  P .M .— Sm oker and  E nterta inm en t o f A m erican  
C hem ical Society . (F o re ig n  guests, in 
v ited .)

T h u r s d a y ,  S e p t e m b e r  8  
T h e  usual general, d ivisional, and  sectional meetings o f the A m e r

ican  C hem ical Society, to w hich all foreign  guests a re  co rd ia lly  
invited.

F r id a y ,  S e p t e m b e r  9  
T h e  usual general, d ivisional, and  sectional meetings o f the A m e r

ican C hem ical Society, to w hich all foreign guests a re  cord ia lly  in 
vited.

7 :0 0  P.M .— B anquet o f A m erican  C hem ical Society . Foreign 
guests w elcom e.

S a t u r d a y , S e p t e m b e r  10
G o lf  and  tea.

S u n d a y , S e p t e m b e r  1 I
B o at trip  and  tea.

M o n d a y ,  S e p t e m b e r  12 t o  S a t u r d a y ,  S e p t e m b e r  18 

T h e  N ationa l E xposition  o f  C hem ical Industries.
The re&ul&r business and scientific program  of the 

American Chemical Society so fa r  as known in detail a t  
the tim e of going to press is as follows:

T u e s d a y ,  S e p t e m b e r  6  
9 :0 0  A .M .— R egistration  begins at T h e  Chemists* C lub , 5 2  E ast 

Forty-first S treet.
3 :0 0  P .M .— C ouncil M eeting  at T h e  C hem ists’ C lub , 5 2  E ast 

Forty-first S treet;
6 :3 0  P. M.— D in n e r to the C ouncil a t T h e  C hem ists' C lub , 52  E ast 

Forty-first S treet.
6 :3 0  p. M.— D in n er to wives o f C ouncilors.
9 :0 0  P .M .— A d jo u rn e d  M eeting  o f C ouncil, i f  necessary.

W e d n e s d a y ,  S e p t e m b e r  7 
1 0 :0 0  A.M .— G en era l M eeting  a t C olum bia U niversity .

A ddress  by  S ir  W i l l i a m  P o p e ,  D . S c ., F .R .S ., 
K .B .E ., P res id en t o f the Society  o f  C hem ical 
Industry  o f  G re a t B rita in .

A d d re s s  b y  H o n .  H e r b e r t  H o o v e r ,  S ecretary  
o f  C om m erce o f the U . S . A .

1 2 :30  P.M.-—Society o f C hem ical Industry  L uncheon to B ritish 
and  C an ad ian  visitors.

2 :0 0  p . m .— D ivisional M eetings a t C olum bia U niversity .
4 :0 0  P . m .— R cccption an d  L aw n  P a r ty  given by  C olum bia 

U niversity .
8 :0 0  P .M .— Sm oker at W a ld o rf-A s to ria  H o te l.

T h u r sd a y , S e p t e m b e r . 8  
9 :3 0  A.M.— D ivisional M eetings at C olum bia U niversity .
2 :0 0  P .M .— D ivisional M eetinsg a t C olum bia  U niversity .
2 :3 0  P .M .— O rg an  R ecita l at G rea t H a ll ,  C ollege o f  the C ity 

o f  N ew  Y o rk , b y  P ro f .  S am uel A .  B aldw in . 
H e a d , D epartm ent o f  M usic.

3 :0 0  P.M .— Interna tiona l M eeting  a t G rea t H a ll,  C ollege o f  the 
C ity  o f N ew  Y o rk , on “ C hem istry  and  C iv iliza
tion ." (D r .  E d g a r  F . Sm ith in C h a ir .)
S cience  and  C iv iliza tio n ; the R o le  o f  C hem istry.

C h a r l e s  B a s k e r v il l e .
E n e r g y ; Its Sources an d  F uture P ossibilities..

A r t h u r  D . L i t t l e .
T h e  E n g in ee r; H u m a n  and  Su p erio r  D irection  o f  

P o w er . L eo  H . B a e k e l a n d .
C hem istry  and L i fe .  S i r  W i l l i a m  J . P o p e , 
T heories and  T h e ir  D evelopm en t. W lLL ls R . 

W h it n e y .
R esearch  A p p l ie d  to the W o rld 's  IVorfc. C . E .  K . 

M e e s .
P rob lem  o f  D iffu sion  and Its B earing  on C iv iliza 

tion. E r n s t  C o h e n .
C ata lysis; D irec ting  Factors in a ll Changes. 

W i l d e r  D . B a n c r o f t .
8 :0 0  P .M .- B anque  a t W a ld o rf -A s to r ia  H o te l.

F r id a y ,  S e p t e m b e r  9  
9 :3 0  A .M .— D ivisional M eetings a t C o lum bia U niversity .
2 :0 0  P .M .— D ivisional M eetings at C olum bia  U niversity .
8 :0 0  P .M .— P u b lic  M eeting. P res id en t’s A ddress.

Progress o f  C hem istry. E dgar F a h s  S m it h , 
A m erican  C hem ical Society.

S a tu r d a y ,  S e p te m b e r  10 
Excursions.

Calendar uf Meetings
American Pharm aceutical Association—Sixth-ninth An

nual Meeting, Hotel Grünewald, New Orleans, La., week 
of September 5, 1921.

American Chemical Society and Society of Chemical In 
dustry—New York, N. Y., Septem ber 6 to  10, 1921.

Seventh National Exposition of Chemical Industries— 
Eighth  Coast A rtillery  Arm ory, New York, N. Y., Sep
tem ber 12 to 17, 1921.

American Institu te  of Mining and M etallurgical Engineers 
—Fall Meeting, Wilkes Barre, Pa., September 12 to 17, 
1921.

American Electrochemical Society—Fall Meeting, Lake 
Placid, N. Y., September 29 to October 1, 1921.

Technical Association of the Pulp and P aper Industry— 
Fall Meeting, W ashington, D. C., Philadelphia, Pa., 
Spring Grove, York, York Haven, Pa., and Wilmington, 
Del., October 18 to 20, 1921.

American* Institu te  of Chemical Engineers — Annual 
W inter Meeting, Baltimore, Md., December 6 to 9,1921.

S E V E N T H  N A T I O N A L  E X P O S I T I O N  —  

P R O G R A M  
M o n d a y , S e p te m b e r  12 

2 :0 0  p .m .— E x p o s i t io n  o p e n s .
7 :00  p. m.— M o tio n  P i c t u r e s  ( I n  A u d ito riu m ) :

1 : “ Iro n  M in ing  O p era tio n s.”  (4  reels) ( C o u n ty
B ureau  o f M ines.)

( a )  S tripp ing .
(5 )  E xp lo ra tion  and  S tripp ing .
(c )  U n d erg ro u n d  M ining.
( d )  Logging O p era tions.

2 :  “ T h e  Jew els o f Industry .”  (8  reels) (Courtesy,
T h e  C arbo rundum  C om pany .)

( a )  C rea tin g  P o w e r from  W ate r .
( b ) W ith in  th e  P o w e r P la n t a t N iag ara .
(c )  In  an d  A b o u t the C ity  o f N iag ara  Falls.
( d ) P o w e r at W o rk  in the C arbo rundum  Plant.
(e )  M ak ing  the C rysta l M asses in  the Electric

Fu rnace .
( / )  A n d  M aking  T h em  into Stones, Grinding 

W h ee ls , P a p e r  and  C loth.
(g )  U nusual and  U su a l U ses fo r A brasives in 

some F if ty  Industiies .
8 :0 0  p. M.— O p e n in g  A d d r e s s e s  (C o lo n e l’s R eview ing S ta n d ) :  

O pen ing  A d d re ss  by  C has. H .  H e rty .
B rig . G en . A m os A . F ries, C h ie f, C hem ical W arfa re  

Serv ice , U . S . A .

T u e s d a y ,  S e p te m b e r  13 
2 :3 0  p. m.— C r u s h i n g ,  G r in d in g  a n d  P u l v e r i z i n g  Sym posium . 

H a r ry  J .  W o lf , Chairm an.
“ B a ll and  P eb b le  M illing  fo r P u lve riz ing  and  M ixing.

H .  F . K le in fe ld t (A b b e  E ngineering  C om pany). 
“ G rin d in g  and  P u lve riz ing  w ith A ir  S e p ara tio n .” S. B.

K anow itz  (R ay m o n d  B ros. Im pact P u lv e rize r Com- 
tt p a n y ) .
“ C rushing , S to ring  and  P u lve riz ing ,”  L . H .  Sturtevant 

(S tu rtevan t M ill C o m p an y ).
“ D ust C ollection  as A p p lie d  to G rin d in g  and  P u lv e r

izing P ro b lem s,”  M . I. D o rfa n  (A llis-C halm ers 
M an u fac tu ring  C o m p an y ).

“ T h e  D evelopm ent o f C om pound G rin d in g  M ills ,” H .
S  chi film  (A llis-C h a lm ers  M an u fac tu ring  C om pany). 

I n d u s t r i a l  P r o b le m s  Sym posium  
“ Solvent E x trac tio n  o f  E d ib le  F a ts  and  O ils ,” H .  A ustin 

(E rn est Sco tt & C o m p an y ).
“ M ate ria ls  H a n d lin g  in Industria l P la n ts ,” R . H . M c

L a in  (G e n e ra l E lec tric  C o m p an y ).
“ U tiliza tion  o f Industria l W a s te : Its E conom ic Im 

p o rtance ,”  W .  H . D ickerson (In d u str ia l W as te  P ro 
ducts C o m p a n y ).
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T o  be fo llow ed by  m otion pictures upon th e  subject o f the 
“H a n d lin g  o f  M a ter ia ls"  i f  tim e perm its. S ee the first six titles 
upon this evening’s program .
7 :0 0  p . m .— M o t io n  P i c t u r e s :

1: “ U se  o f the S team  Shovel in  M in in g ."  (1 reel)
(C ourtesy  B u reau  o f M ines.)

2 :  "T ran sp o rta tio n  and  S torage  o f Iron  O re ."  (1 reel)
(C ourtesy  B ureau  o f M ines.)

3 :  "T ran sp o rtin g  and  H a n d lin g  C oal b y  V ario u s
M ean s."  (1 ree l) (C ourtesy  B u reau  o f  M ines.)

4 :  "D re d g in g  A n th rac ite  C o a l."  (1 reel) (C ourtesy
B u reau  o f  M ines.)

5 :  "S av in g  W asted  M illions through M ate ria l H a n d 
ling E qu ip m en t."  ( 2  reels) (C ourtesy  E conom y 
E ngineering  C om pany .)

6 :  " T h e  S to ry  o f  S u lfu r ."  (2  reels) (C ourtesy  T ex as
G u lf  S u lp h u r C om pany .)

7 :  "M in in g  and  E x trac tio n  o f  R ad ium  from  C arnotite
O re ."  (2  reels) (C ourtesy  B ureau  o f M ines.)

8 : " D u P o n t D yes. Show ing their M an u fac tu re ."
(2  reels) (C ourtesy  E . I. d u P o n t de  N em ours 
& C om pany .)

9 :  "M ak in g  S o ap ."  ( I  reel) (C ourtesy  B aum er F ilm s.)
1 0 : " M in e  E xplosion  and  R escue."  (1  reel) (C ourtesy

B u reau  o f M ines.)

W e d n e s d a y , S e p t e m b e r  14 

2 :3 0  p. m .— E v a p o r a t in g  a n d  D r y in g  S y m p o s iu m .

W a lla c e  S avage, Chairm an.
(S u b jec t to be announced .) E . G . R ip p e l (B uffalo  

F o u n d ry  & M ach ine  C o m p an y ).
" T h e  R elation  o f A tm ospheric  C onditions to C hem ical 

P rocesses," A . E . S tacy , J r .  (C a rr ie r  Engineering  
C o rp o ra tio n ) .

“ D ry in g  and  D ry ing  P ro b lem s,"  H .  S . L an d e ll (P ro c to r 
& S c h w a rtz ) .

"S p e c ia l P rob lem s fo r E n am eled  E v ap o ra to rs ,"  M ax  
D o n au cr (E ly r ia  E nam eled  P ro d u cts  C o m p an y ).

"D ry in g  w ith  M oist A ir ,"  A rth u r  B . Stonex (H u n te r  
D ry  K iln  C o m p an y ).

“ D ry in g  as an  A ir  C onditioning P ro b lem ,"  A .  W . 
L issauer ( W .  L . F le isher & C om pany , In c .) .

"A tm o sp h eric  D ry in g  by  M eans o f C om partm ent, T u n 
nel and  C ontinuous B elt C onveyor D ry e rs  w ith  some 
P rac tic a l A p p lica tio n s,"  J . D . S te in  (G rin n e ll C om 
pany , D ry e r  D iv ision ).

‘‘S p ra y  D ry in g ,”  W . H .  D ickerson (In d u stria l W as te  
P ro d u cts  C o m p an y ).

"E v a p o ra tio n ,”  H .  A ustin  (E rn est Scott & C o m p an y ).
" A  N e w  A rrangem en t o f  H ealin g  T u b es  in H e a t E x 

change A p p a ra tu s ,"  R obert V . C ook (C hem ical
E quipm en t C o m p an y ).

" A  N e w  A rrangem en t o f  H eatin g  T u b es  in H e a t E x 
change A p p a ra tu s ,”  R obert V .  C ook  (C hem ical
E quipm ent C o m p an y ).

7 :0 0  p . m .— M o t io n  P ic t u r e s :

I : “ T h e  M an u fac tu re  o f  D ry  S ausage .” (2  reels)
(C ourtesy  A rm o u r & C om pany .)

2 :  “ T h e  M ak ing  o f O leo m arg arin e ."  (1 ree l) (C o u rt
esy A rm o u r & C om pany .)

3 :  " T h e  E lec tric  H e a r t— T h e  D ry  C e ll."  (1 reel)
(C ourtesy  B aum er F ilm s.)

4 :  "C an n in g  E lec tric ity— T h e  W e t C e ll.” (1 reel)
(C ourtesy  B aum er Film s.)

5 :  “ T h e  M an u fac tu re  o f P y rcx  G lassw are ."  (3  reels)
(C ourtesy  C orning  G lass C om pany .)

6 :  " T h e  M an u fac tu re  o f  P o r tla n d  C em ent.” (2  reels)
(C ourtesy  B ureau  o f  M ines.)

7 :  " T h e  M an u fac tu re  o f  D ynam ite ."  (1 reel)
(C ourtesy  B ureau  o f  M ines.)

8 :  "E x term in a te  the M osquito .” (1 ree l) (C ourtesy
B ureau  o f M ines.)

T h u r s d a y , S e p t e m b e r  15 ( P a in t  a n d  V a r n is h  D ay)

2 :0 0  p . m.— P a i n t  a n d  V a r n i s h  S y m p o s iu m
R . S . P e rry , C hairm an.
" P a in t  and  V a rn ish  W as te  C o n tro l,"  R . S . P e rry  (P e r ry  

& W eb ste r, In c .) .
“ R eflection F ac to rs  on Industria l P a in ts ,"  H .  A .  G a rd 

ner (Institu te  o f P a in t & V arn ish  R esearch ) .
"L ab o ra to ry  C o n tro l,"  L . P .  N em zck  (E .  I. d u P o n t 

de  N em ours & C o m p an y ).

" R u s t: Its C ause and  P rev en tio n ,"  M axim ilian  T o ch  
(T o ch  B ro th e rs).

"P h y s ic a l T esting  o f P a in ts  and  P a in t M ate ria ls ,"  
F ran k  G . B rey er (N e w  Jersey  Z inc  C o m p an y ).

" T h e  Ideal P a in t and  V a rn ish  Specification ," F . P . 
Ingalls (Jo h n  W . M asu ry  & C o m p an y ).

"L im ita tions o f  S tan d ard iza tio n  o f P a in t and  V arn ish  
M an u fac tu re ,"  D . A .  K o h r (L o w e  B ro thers  C om - 
p a n y ).

7 :0 0  p .’m.— S a v e  t h e  S u r f a c e .
"S a v e  the S u rface  and  Y ou  Save  A ll  w ith  P a in t and 

V a rn ish ,"  E rnest T .  T r ig g  ( C hairm an , "S a v e  th e  
S u rface "  C om m ittee, P a in t M an u fac tu re rs  A ssociation 
o f the U n ited  S ta te s ) .

" W h a t  is P a in t? ” G . P .  H eck e l, ( S ecre ta ry , P a in t 
M anufac tu re rs  A ssocia tion  o f  the U n ited  S la te s ). 

M o tio n  P i c t u r e s :
1 : "M ak in g  W h ite  L e a d ."  (2  reels) (C ourtesy  B ureau

o f C om m ercial Econom ics and  N a tio n a l L ead  
C om pany .)

2 :  "M ak in g  o f  V a rn ish ."  (1 reel) (C ourtesy  B ureau
o f C om m ercial E conom ics and  M u rp h y  V arn ish  
C om pany .)

3 :  "M ak in g  o f  P a in t and  V a rn ish ."  (2  reels)
(C ourtesy  B ureau  o f  C om m ercial E conom ics and  
S herw in -W illiam s C om pany .)

4 :  “ M aking o f  P a in t .”  (1 reel) (C ourtesy  B ureau
o f C om m ercial E conom ics and  L ow e B ros.)

5 :  "M ak in g  o f  P a in t .”  (1 ree l) (C o u rtesy  B ureau
o f C om m ercial E conom ics and  M athew s & Com -

pan.y-)
6 : "M ak in g  o f V a rn ish ."  (I  ree l) (C ourtesy  B ureau

of C om m ercial E conom ics and  T a y lo r , T regen t 
& C om pany .)

7 : " T h e  M an u fac tu re  o f P y rex  G lassw are.” (3  reels) 
(C ourtesy  C orn ing  G lass C om pany .)

8 :  " T h e  M an u fac tu re  o f P o r tlan d  C em en t."  (2  reels) 
(C ourtesy  B u reau  o f M ines.)

F r id a y , S e p te m b e r  16 
2 :3 0  p .m .— T h e  P o w e r  P l a n t  in  t h e  C h e m ig \ l  I n d u s t r i e s  

Sym posium
R . C . B ead le , E d ito r Com bustion, C hairm an.
"M o d ern  B o ile r H o u se  A rrangem en t and  E qu ipm en t” 

(I llu s tra ted ) , R . M . G o rd o n  (T h e  S o lvay  Process 
C om pany).

"Suggestions fo r R educing  H e a t Losses in C hem ical 
P lan ts .” John  P rim rose  (P o w e r Spec ia lty  C om p an y ).

"B o ile r Feed  W a te r  T rea tm en t and  T rea tm en t C on tro l,” 
E . G . B ashore  (R ic e  & B ash o re ).

"C om pressed A ir  Installations in Industria l P la n ts ,’’ 
A .  R . Stevenson, J r .  (G en e ra l E lec tric  C o m p a n y ).

“ T h e  A pp lica tion  o f E lec tric  P o w er in C hem ical In 
dustry ,” D . B . R ushm ore, J . A .  Seede, and  E . P ragst 
(G en era l E lec tric  C o m p an y ).

“ T h e  L im ita tion  o f  S ilen t C hain  D riv e ,”  F . G . A n d e r
son (M orse  C hain  C o m p a n y ).

" A  N ew  M ethod  for C oking C oal as R ?q u ired  for 
Industrial F u e l,” D . S . C ham berlin  (D iclilla tion  In 
dustries, In c .) .

" T h e  A pp lica tion  o f P u lv e rized  F u e l,” H .  D . Savage 
(C om bustion E ngineering  C om pany .)

T o  be followed by  M otion  P ic tu res  upon T h e  PoU 'cr P la n t  if  
time perm its. See the first four titles upon this evening’s p rogram . 
7 :0 0  p .m .— M o tio n  P i c t u r e s :

1 : " T h e  C ost o f  C areless F ir in g ."  (2  reels) (C ourtesy
B ureau  o f M ines.)

2 :  "G etting  the M ost out o f C o a l."  ( I  reel) (C ourtesy
B ureau  o f M ines.)

3 :  "C onserving C oal and  S av ing  H e a t V a lu es  by  In 
sulating S team  P ip es  and  B o ile rs ."  (1 reel) 
(C ourtesy  M agnesia A ssociation  o f A m erica .)

4 :  "M o d ern  B y -P ro d u c t C oking ."  (2  reels) (C ourtesy
T h e  K oppers Com panV.)

5 : " T h e  S to ry  o f R ock  D rillin g ."  (4  reels) (C ourtesy
Sullivan  M ach in e ry  C om pany  and  B ureau  o f 
M ines.)

6 :  “ T h e  S to ry  o f A rm co  Ingot Iro n ."  (3  reels)
(C ourtesy  A m erican  R o lling  M ill C om pany .)

S a tu r d a y ,  S e p te m b e r  17 
2 :3 0  p .m .— A m e r ic a n  D y e s :
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Justin  B . W ed d e ll, N a tio n a l A n ilin e  & C hem ical C om 
pany , C hairm an.

7 :0 0  p . m .— M o t io n  P ic t u r e s  (sub ject to c h an g e ):
1 : “ Z inc M ining, M illing  and  Sm elting .” (4  reels) 

(C ourtesy  B ureau  o f  M ines.)
2 :  “ M an u fac tu re  o f Z inc O x id e .” (1 reel) (C ourtesy

B ureau  o f M ines.)
3 :  “ M aking  d u P o n t D y es.” (2  reels) (C ourtesy  E .

I. d u P o n t de N em ours & C om pany .)
4 :  “ M an u fac tu re  o f D ynam ite ."  (1 reel) (C ourtesy

B u reau  o f M ines.)
5 :  “ M ining  M agnetic  Iron  O re ."  (2  reels) (C ourtesy 

B ureau  o f  M ines.)

The Detection of Phenols in Water
Editor of The Journal of Industrial and Engineering 

Chemistry;
Ity reason of fam iliarity and former connection with 

certain trade waste investigations relating to water sup
plies in W estern Pennsylvania, the w riter takes the liberty 
of offering a correction to the above paper by Mr. It. D. 
Scott in the May issue of T in s  J o u r n a l ,  13  ( 1 0 2 1 ) .  4 2 2 .

Credit for the adaptation of the Folin-Denis reagent 
(phosphotungstic, phospliomolybdic acid) to w ater exam
ination belongs to Mr. E. P. Fager who, prior to January  
1920, was chemist in charge of the filtration plant, of the 
South Pittsburgh W ater Company, Pittsburgh, Pa. During 
the early part of 1019 some water supplies 011 the lower 
Monongahela IUver, particularly the McKeesport and South 
Pittsburgh plants, experienced considerable complaint on 
account of disagreeable taste and odor due to phenol 
wastes from chemical plants upstream. Following the 
South Pittsburgh experience Mr. Fager was assigned the 
problem of detecting and identifying this class of waste 
and succeeded in developing several methods suitable for 
the purpose, of which the Folin-Denis adaptation seemed 
the most promising. In the w inter of 1919 to 1920 prac
tical application of the method was made in studying the 
trade waste problems of the New Castle works, which are 
under the same management; namely, The American W ater 
Works & Electric Company of New York. In the New 
Castle studies the direct colorimetric method was improved 
by the distillation method to avoid Interference due to 
other impurities.

In tracing w hat is believed to be the first use of the 
Folln-Denls test for phenols in w ater supplies, the w riter 
in nowise disparages the subsequent excellent work done by 
Mr. Trowbridge at the New Castle works. So fa r  as the 
w riter is aware, this is the only waterworks in the country 
where an effort lias been made systematically to record 
quantitatively the phenols present in a public w ater supply, 
the toleration by consumers after chlorination, and the 
reductions feasible with a rapid sand filter plant. The 
w riter is cognizant of the painstaking investigations at 
Milwaukee in correlating the phenol pollution w ith the 
occurrence of taste and odors in the w ater supply and 
wishes to acknowledge the great value to the waterworks 
fraternity , and chemical industries as well, of the published 
conclusions (Eng. Xcws-llccord. 82 1M ; 84, 1155), first 
calling attention to the aggravated effects of this class of 
wastes in chlorinated supplies.

Mr. Scon is somewhat inaccurate in stating tha t the 
detection of phenols in w ater rests upon the Folln-Denls 
test. I t  is nearer the tru th  to sta te  tha t the method is 
probably the most convenient of several methods avail
able, especially for field work. As a m atter of fact, the 
literature shows many more interfering substances than 
those mentioned by the author. In  any careful investi
gation of phenols in a w ater supply, proper precautions 
should be taken to establish the specificity for the local 
problem, and should preferably include differentia of the 
very large group of phenolic compounds liable to occur as

pulluting substances. W ith proper precautions, and using 
the distillation method, it may be said th a t the Folin- 
Denis test gives the w ater analyst a method which closely 
approximates the free and albuminoid ammonia deter
minations in sensitiveness.

W k u . i n o t o n  D o n a l d s o n

F u l l e r  &  M c C l i n t o c k
1 7 0  B r o a d w a y , N e w  Y o r k , N .  Y .
June 11, 1921

Editor of The Journal of Industrial and Engineering 
Chemistry ;

Inference was made by Mr. Scott in Ills article to my 
experiments a t the filtration p lant in New Castle, Pa., on 
the detection of phenols in water, w ithout a knowledge of 
the extent or the facts concerning the work tha t lias been 
done by Mr. Donaldson, Mr. E. P. Fager, and myself. Mr. 
Donaldson is correct in stating tha t credit for the adapta
tion of the Folin-Denis reagent to water examination be
longs to Mr. E. r .  Fager.

When Mr. Fager was in charge of the filtration plant of 
South Pittsburgh W ater Company, I had access to the 
results of his experiments and la ter used them, in con
nection with my investigation a t New Castle, Pa.

I  appreciate the value of the application of the phospho- 
tungstie phosphomolybdic acid reagent for the detection of 
minute quantities of phenol wastes in water, and I shall 
be very grateful if Mr. Donaldson’s correction is published.

Mr. Scott has pointed out tha t the reagent is not specific 
for phenols and has named some of the substances which 
may effect the determination. In our work, we were entirely 
fam iliar with the lim itations of the test.

C h a r l e s  E. T r o w b r i d g e

A m e r i c a n  W a t e r  W o r k s  <fc E l e c t r i c  C o ., I n c .
50 B r o a d  St ., N ew Y o r k ,  X. Y .
Ju n e  18, 1921

Editor of The Journal of Industrial and Engineering 
Chemistry :

I am grateful for the correction which Mr. Donaldson 
offers, for it appears from his comment tha t Mr. E. P. 
Fager, rather than Mr. Trowbridge, first applied the Folin- 
Denis test for phenols in w ater examination. Although it 
appears further in Mr. Fager’s study that “ (lie direct 
colorimetric method was improved by the distillation 
method to avoid interference due to other impurities,” it 
would seem tha t this modification was not employed by 
Mr. Trowbridge at New Castle since 110 mention was made 
in a  personal communication from him i f any method 
other than the direct colorimetric. The distillation method 
was adopted by us solely on the basis of our own 
experience.

W ith respect to the implication of Inaccuracy in the 
w riter’s statem ent tha t the detection of phenols in water 
rests upon the Folin-Denis test, it would perhaps be well 
to emphasize again the fact tha t the detection of traces of 
phenol cannot be accomplished satisfactorily by any of the 
other m ethods‘described in the literature, for afte r care
ful tria l of these it was found that none except the Folin- 
Denis was reliable in detecting amounts of one part per 
million or less. Amounts higher than this would rarely
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be found In a public w ater supply. In this connection it is 
interesting to note tha t in the work a t Milwaukee, to 
which Mr. Donaldson refers, the phenol determination did 
not rest upon a delinite quantitative chemical test but 
upon the chemist's sense of taste and smell after chlorinat
ing a water suspected of containing phenols. One of the 
prime factors promoting the study of this problem and in
fluencing us in publishing our results was ihe fact that 
the chcmist who liad charge of the Milwaukee studies en
countered sim ilar conditions at Cleveland and was a t .1 
loss for a definite method for determining phenols in 
water. I t  was deemed inadvisable to include in the 
original article a discussion of this and sim ilar points, 
since an attem pt was made to outline brictly only the 
essential points in connection with the test from the 
laboratory standpoint. For this reason also a detailed 
discussion of the various substances which respond to the 
Folin Denis test was not presented.

In  our opinion it would be a somewhat hopeless task to 
attempt, as suggested by Mr. Donaldson, any differentiation 
of the large group of phenolic compounds likely to be 
found in waters. I t  would be much more promising to 
moke a study of the wastes from individual establish
ments before such m aterials enter a water supply. This, 
of course, is a subject not considered in the article under 
discussion.

I t .  D . S co t t

S t a t e  D e p a r t m e n t  o f  H e a l t h  
C o i a j m r i ’s ,  O h i o  
J u ly  b, 1U21

Assignment of Patents
E ditor of the ■Journal of In d u strial and Engineering 

Chem istry;
The findings of fact and law in the action by Air Reduc

tion Co., Inc., against W arren It. Walker, to which refer
ence is made in the July Issue of the J o u b x a l ,  will perhaps 
leave your readers in doubt as to the governing principle 
of the decision.

The action was brought to compel assignment by Walker 
to the Company of an application for Letters Patent cov
ering an invention made jointly by Walker with Floyd J. 
Metzger and involves the right of Hie employer to inven
tions made by an employee. This right has been the sub
ject of numerous controversies and. in the absence of ex
press agreement, depends upon the character of the em
ployment. W alker's relation to his employer in this case 
is stated in the decision of Mr. Justice Cropsey, from 
which the following is quoted:

There was no express agreement making any invention 
of the defendant the property of the plaintiff, nor was 
there any express agreement that the defendant would as
sign to the plaintiff any patent he might obtain. But he 
was employed to give his time and scientific skill for the 
very purpose of trying to discover and invent some prac
tical use for this gas. In other words, he sold Ills inven
tive powers to the plaintiff during the period of his em
ployment. T'nder these circumstances 1 think there is an 
implied agreement tha t the results of defendant’s work 

•shall belong to plaintiff; and tha t any patent obtained by 
defendant should be assigned by him (Annin v. Wren, 44 
Hun, 352; Connelly Mfg. Co. v. Wattles, 49 X. J. Eq., 02; 
Meissner v. S tandard Railway Equipment Co., ISO S. W. 
Repi, 730; Supreme Court of M issouri; Dowse v. Federal 
Rubber Co., 254 Fed. Rep. SOS; Famous l ’layers-Lftsky 
Corporation v, I-'win.?, 194 Pac. Rep. (:5, Oal.). No case 
in this state holding the contrary lias been brought to the 
Court’s attention. Clark v. FcrnoHne Chemical Co. (5 
Snpp., 100) dccldes only a question of pleading. Its  state
ments upon this subject are purely obiter. There are de
cisions in some other jurisdictions whicli seem to be a t 
variance with those above cited! (see American Circular

Loom Co. v. Wilson, 108 Mass., 1S2, 201 ; Dalzell v. Dueber 
Mfg. Co., 149 U. S., 315; Barber v. National Carbon Co., 
129 Fed. Rep., 370; Pressed Steel Car Co. v. Hansen, 137 
Fed. Rep., 403; Hildreth v. Duff, 143 Fed. Rep., 130; llap- 
good v. Hewitt. 110 U. S., 220). Some of these cases may 
be distinguishable, but even if they be not, I believe the 
sounder rule Is set forth in the cases first cited. Ilence 
(lie plaintiff is not entitled only to a shop right to use 
the patent, but is entitled to own it outright, and hence 
should have judgment against the defendant, with costs.

I t may also he of interest to note the language of Mr. 
Justice P ra tt in Annin v. Wren, 44 Ilun, 352, which is as 
follows:

The special service of inventing under special employ
ment to invent gives the m aster the servant's inventions 
which result from that service. (Simonds Manual of Pat
ent Law (10d. 1883) pp. 202-204). This is also the prin
ciple of that part of the decision of Burr v. DeLaVergnc 
(102 X. Y. 415), which relates to the Inventions made by 
DeLaYergne alone. The same is true of ISinney v. Annan 
(9 Am. Rep. 10; 107 Mass. 94). None of the patent cases 
are inconsistent with the principles above indicated. Even 
in Ilapgood v. Hewitt (11 Fed. Rep. 422), lately affirmed 
(110 Fed. Rep. 227), Judge Gresham excepts the case of 
a special employment to invent. The special service of In
venting is the entire scope of the employment. There is 
110 room left within the employment for inventing 011 his 
own hook. The servant has no, right to think or invent 
for himself 011 this particular subject m atter in hand. Ho 
must get out of such a relation before lie can claim the 
product of his work under such an employment. lie  can
not carry off both his salary and the only valuable prod
uct of his work under such an employment, leaving Ills 
master with his useless models, the result of his uselessly 
spent money 011 tools, machinery, time, labor of self and 
employees with only a license or shop right, which is not 
assignable or useful ¡11 any way than to himself.

The foregoing will serve to indicate quite clearly the rela
tion of employer and employee with respect to inventions, 
where the employee is engaged in research or is employed 
for the purpose of making inventions.

E. II. Mkbchant
A i r  R e d u c t i o n  C o . ,  I n c .
3 42  M a d i s o n  A y e . ,  N e w  Y o e k  C i t y
A u g u s t  3, 1921

A Study on the Oil Bromide Test of Linseed 
Oil

This drawing was inadvertently omitted from its proper 
position in column 1, page 802, of this issue.

c

A t the twelfth annual convention of the Flavoring Ex
trac t M anufacturers Association, the Resolutions Commit
tee brought in a report declaring for a s tric t observance 
of all provisions in the prohibition amendment. This 
recommendation, together with an agreem ent binding 
members of the association in a w ar against unscrupulous 
ex tract m anufacturers, was adopted unanimously. I t 
was also agreed th a t the flavoring ex tract men should 
instruct the Research Committee to continue its effoits 
to find a substitute for alcohol. A t the executive session, 
the association pledged itself to force ce its in  m anufac
turers who are not members of the association, and who 
are evading the Volstead lav/, out of the business.
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W ASHINGTON L E T T E R
B y  W a t s o n  D a v is , 1418 R h o d e  Island  A ve., W ash ing ton , D . C .

T H E  T A R I F F  B I L L  
B y  W a t s o n  D a v is , 1418 R h o d e  Island  A v e ., W ash ing ton , D . C .

The tariff bill has spent an eventful month in Congress. 
A fter the discussion in the House, the bill was passed on 
to the Senate w ithout the dyes embargo provision. The 
bill itself passed the lower chamber by a substantial 
m ajority, but the provisions protecting- the American dye 
industry for three years w ere thrown out by only a few 
votes.

The action of the House was a  surprise, and it precipi
tated  a b itter and lively fight, for and aga inst the em
bargo, a t  the hearings th a t have ju s t been held by the 
Senate finance committee. W hat the final fa te  of the 
dyes embargo will be is known only by Senator Penrose 
and his committee, if they have made up the ir minds.

Meanwhile, the th ree m onths’ lease on life given to the 
licensing system  for control of dyes im ports by the em er
gency tariff law has been fleeting away. I t  would expire 
on A ugust 27, and would allow a flooding of American 
m arkets w ith dyes th a t would supply our needs of months 
and ruin the industry. This danger was foreseen by those 
who have been fighting for the chemical industry in Con
gress, and Representative Longworth has introduced a 
bill providing for the extension of the licensing system  
for th ree m onths longer. Under the urge th a t w as pro
vided by a le tte r from  President H arding, sta ting  “we 
would be both unmindful and unjust if  we failed in a su it
able protection of th is country until the new and complete 
tariff revision ac t is made effective,” the House to-day 
passed the extending bill and prom pt action on the p a r t 
of the Senate is expected to complete the extension of 
time.

Representative Young has ju s t introduced a bill to ex
tend the life of the emergency tariff ac t itself for two 
months from November 27 and th is is taken to  indicate 
th a t it will not be until the end of this year a t  least th a t 
the regular tariff is placed on the s ta tu te  books. If  th is 
is the case, it is probable th a t even fu rth e r extension of 
the life of the dyes licensing fea tu re  than  th a t provided 
in the Longworth bill will have to be secured later.

SENATE FINANCE COMMITTEE HEARINGS ON 
DYE EMBARGO

It is reported currently  th a t the Senate F inance Com
m ittee has virtually decided to re ta in  the Am erican valua
tion provision of the tariff bill, probably slightly  modi
fied. This is of in terest to the chemical industries, as 
American valuation will in effect mean higher duties on 
imported chemicals. The Senate Finance Committee is 
now considering the valuation and dyes fea tu res of the 
tariff bill behind closed doors w ith only the Republican 
members of the Committee present.

The Finance Committee hearing from a chemical stand
point centered largely in the testim ony about the dyes 
em bargo provisions, although two days w ere spent p re
viously on Schedule 1 on chemicals, oils, and paints.

Brig. Gen. Amos A. Fries, chief of the Chemical W ar
fare  Service, appeared before the Committee and told 
them how the gas w arfare m aterial and the explosives 
used in w ar are produced from  practically the same m a
teria ls  as dyes. W ith no em bargo protection, the Ameri
can dye industry would be killed by a flood of German 
dyes, and th is would destroy the m ilitary safeguard th a t 
those chemical plants are to this country. D uring the 
questioning of General Fries, he was asked w hether he 
thought th a t d isarm am ent am ong the nations would not 
have as one of its chief results the abolition of gas, and 
he brought out the fac t th a t gas is the only kind of arm a
m ent th a t would cost us very little  in tim es of peace. 
Dye plants could be turned into poison gas plants in time 
of war, and, with a proper development of the coal-tar 
industry, this country could keep up to date in gas w ar
fare  easily and a t  little  cost, he said. Admiral W. 
S tro ther Smith of the Navy also declared th a t the em
bargo or ome other dye protection was necessary as a 
m ilita t: mea u e.

He man A. Metz, president of the Consolidated Color 
and Chemical Co., of Newark, N. J., was the principal

w itness aga inst the embargo, who testified a t  length. 
Jos. H. Choate, representing  the American Dyes Insti
tu te , presented the side of the dye m anufacturers and de
clared th a t America was up aga inst a most unscrupulous 
com petitor in the commercial world, in re ferring  to Ger
m any’s dye industry. Throughout the hearings, there 
were continual verbal encounters between these two men.

Among those who appeared in favor of the embargo 
were: Charles H. Stone, vice president of the A tlantic 
Dyestuff Co.; Gaston Du Bois, president of the Monsanto 
Chemical W orks; W. P arker Jones, representing the Vic
to r Chemical Works, Chicago; S. Iserm ann, representing 
the Chemical Company of Am erica; B. T. Bush, represen t
ing the Antoine Chiris Co.; Henry B. Thompson, presi
dent of the United S tates F inishing Corporation, and Dr. 
M arston Taylor Bogert, professor of organic chemistry 
a t  Columbia U niversity. Among those who opposed the 
embargo were: Granville M acFarland, represen ting  the 
Amoskeag M anufacturing Co.; William H. Brehm, of 
Brehm and Stehle, and C. B. Reid, representing the Amer
ican F arm  Bureau Federation. The Senate Finance Com
m ittee is headed by Senator Penrose, who presided a t  the 
hearings.

The hearings involved the Chemical Foundation, and 
the charges th a t had been made previously by Represen
tative F re a r and Senator King th a t the Chemical Foun
dation seized alien paten ts and th a t i t  was engaged in a 
“pernicious dye lobby” were aired, principally in the ex
am ination of Mr. Choate and Mr. Metz.

The dye embargo was aided when Senator Penrose re 
cently made public le tte rs from  Secretary Weeks and 
Denby declaring th a t the m ilitary  safety  of the country 
depends to  a g rea t degree upon the dye embargo.

THE PROHIBITION BILL
The prohibition bill th a t had been drawn in the House 

so th a t it endangered the industrial and chemical alcohol 
production has been radically amended and passed by the 
Senate. When i t  was being sent to conference in the 
House, however, it h it a snag in the way of another 
am endment, and it  now seems th a t i t  will not be acted 
upon until October. On the floor of the Senate, objections 
to the pending bill were raised by Senators Broussard of 
Louisiana,' S tanley of Kentucky, and Brandegee of Con
necticut, on the ground th a t i t  allows a rb itra ry  changes 
of the form ula of p roprie tary  compounds. The m anufac
tu rers  have declared, however, th a t the amended bill suits 
them. ______________

P resen t plans provide for a m onth’s recess by Congress 
beginning about A ugust 20, and th is is expected to pro
vide a legislative breath ing  spell.

The House W ays and Means Committee is now en
gaged in  fram ing tax  legislation.

The bill affording relief for the pa ten t office has made 
little  fu rth e r progress in Congress, while the applicants 
offering new inventions and dem anding action on their 
claims have flooded the P a te n t Office. All previous rec
ords have been broken by the number of applications filed 
in the la st six m onths, and there a re  now 51,865 patents 
aw aiting  action.

The Muscle Shoals N itra te  P lan t
The Government had arrived a t  no decision as to 

w hether the Ford proposal fo r the Muscle Shoals n itra te  
p lan t and dam will be accepted. The bid has been sub
m itted to  the Chief of Engineers, and Maj. Gen. Beach 
has recommended th a t it be accepted. This recommenda
tion and his analysis of the proposition have been a t 
tacked by experts, according to press reports current 
here, on the ground th a t the proposal fails to cover the 
cost of the dams and th a t additional w ater storage a t 
high cost would have to be provided by the Government. 
I t  has also been announced th a t several groups of finan
ciers, including the du Pont in terests, have submitted 
proposals, but these cannot compete w ith the Ford offer, 
it is said. The Alabam a Power Company, said to repre
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sent powerful New York banking interests, will also sub
mit a bid th a t will compete w ith Ford’s, according: to  cur
ren t reports.

DEPARTM ENT OF COMMERCE CONFERENCE 
Industrial trade and technical organizations were called 

into conference w ith bureau chiefs of the D epartm ent of 
Commerce la st week fo r the purpose of ge tting  advice 
as to the kind and am ount of governm ental statistics in 
industry th a t should be gathered and compiled in the bi
ennial census nex t year.

Many suggestions were made and accepted, as a resu lt 
of which the departm ent will make fu rth e r repo rt on the . 
probable changes.

A num ber of changes in the specifications used by the 
Government for the purchase of gasoline, kerosene, fuel 
and lubricating oil, were recently proposed a t  an  open 
meeting of the Technical Committee on Standardization

of Petroleum Specifications held under the chairm anship 
of N. A. C. Smith of the Bureau of Mines.

The Bureau of Mines is beginning research w ork on 
the coke th a t can be used in b last furnaces for fuel. 
This work will be undertaken in the Birmingham, Ala., 
district.

I t  is believed here th a t the Chemical W arfare  Service 
of the Army should have not less than  $4,000,000 next 
year to insure the proper development of th is arm  of the 
service.

Many W ashington chemists a re  looking forw ard to  a 
relief from the ir regular work next month when they go 
to New York to attend the m eetings 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  and to see the Chemical Exposition. 

A u c u s t  11, 1921.

LONDON LETTER
B y  S t e p h e n  M i a l l ,  28 , B elsize  G rove, H am pstead , N A V .3, E n g land

I think it  was Lord Rosebery who said “There are two 
occasions when men make speeches, one, when they have 
something to say, the other, when they have to say some
thing.” I feel the tru th  of th is observation very acutely; 
a le tter on developments in industrial chem istry m ust be 
written. The heat and the drought do not promote a 
nimbleness of the mind; I have wandered up and down my 
parched little  garden try in g  to think of the chemical de
velopments which I well know are not tak ing  place. I t 
occurred to me to speak of the Synthetic Ammonia p lant 
now being erected by Messrs. Brunner, Mond & Co. a t 
Billingham, but i t  will be a year or a couple of years be
fore it  is tu rn ing  out its several tons a day and many 
changes m ay have to be made in the interim .

This opportunity of an iteresting  piece of news having 
been eliminated, the task  still rem ains to be done, or per
haps begun. Then the historical method seemed possible 
and I commenced “On this day exactly one hundred and 
forty-seven years ago P riestley discovered oxygen,” but 
the prospect of a history of oxygen and its developments 
to date filled me w ith dismay. P riestley made a g rea te r 
discovery: soda-water, two words, as W ebster said, con
nected by a syphon. This presented possibilities, but a 
liter of practice is worth a  couple of pages of precept and 
I turned to the better course. Being still gravelled for 
want of m atter—w hat fool was it -who spoke of the in
destructibility of m a tte r? —I again stirred  up the gruel 
I seem to have in place of cerebellum:

“ I t 's  e a sy  to  b id  one  ra c k  o n e ’s  b ra in —
I 'm  s u r e  m y  p o o r  h ea d  ach es  a g a in ,
I 'v e  s c ra tc h e d  i t  so , a n d  a l l  in  v a in .”

Thrice, and even four tim es, blessed are those who will 
travel to America in the flesh, who can m eet the ir col
leagues face to face, sharpen their w its on each other and 
expound the ir views on the philosophy of life and the de
ceitfulness of riches w ithout having the agony of seeing 
their feeble phrases (or is it frases in the U. S. A .?) in 
cold prin t a month aftew ards. But one m ust be careful 
how one jests  on a m a tte r of spelling. When you first 
spelt su lfur with an “f ” Professor H. E. A rm strong rashly 
stated th a t we ought to  w ithdraw  our Ambassador from 
Washington, whereupon eleven chemists, of whom nine 
were Scotsmen, solemnly explained th a t spelling was not 
the concern of the diplomatic service and th a t to w ith
draw our Ambassador seemed an extrem e measure to  take 
even for so outrageous a breach of decorum.

Industrial Chem istry and the League of Nations seem 
far removed, but the la tte r  has an in ternational Labour 
Office and this a H ealth  Section which deals with ques
tion of industrial hygiene. The In ternational Labour 
Office will m eet in Geneva next October and has put for
ward a  proposal to prohibit the use of lead compounds 
in painting. All the chemists concerned in lead or z 'n : 
roinin or smelting, in the pain t and varnish industry,

and in allied occupations are busy w ith propaganda on one 
side or the other while medical men men and factory  in
spectors ta lk  learnedly of arteriosclerosis and s ta tis ti
cians scrawl hieroglyphics alarm ing. Some facts seem 
to emerge from the fog of controversy and are, as yet, 
not sufficiently appreciated by chemical m anufacturers; to 
begin with, the vapors of benzene, petroleum, turpentine 
and volatile thinners seem to be much more injurious than 
is commonly supposed. This point has been alluded to  both 
in America and England before, but recent work by Sir 
Kenneth Goadby and others shows th a t there is a con
siderable danger to health from this cause. A nother fact 
is th a t prevention of dust is the same th ing  as the p re
vention of disease, not only in the paint trade but in a l
most every occupation, farm ing only excepted. In some 
experiments on the detection of very small quantities of 
lead, Mr. C. A. Klein was for a while puzzled by dark  
stains when almost any solution was sufficiently conc n- 
trated , filtered, and treated  w ith ammonium sulfite. 
F inally he proved th a t all filter papers are liable to  con
tain copper in sufficient quantity  to  produce the necessary 
reaction, and it seems th a t the drying of the paper on 
bronze rollers or gauzes introduces ’ this disturbing fac
tor. In some cases the microscope reveals a dendritic 
growth of copper compound, and in exceptional cases the 
phenomenon is very marked.

W hat is research and how can it  be promoted in the 
domain of industrial chem istry? Dr. Messel by his will 
le ft to the Society of Chemical Industry a sum exceeding 
£20,000 as an absolute g if t but with the expression of a 
hope th a t it m ight be available for such an object. We 
are now try ing to devise some scheme which will be 
worthy of this generous g ift, and many are the sugges
tions which reach our Treasurer. While he considers the 
relative merits of medals, lectureships and scholarships 
and reads up the la test decisions on Charitable T rusts 
he steadily invests the income and I strongly  suspect th a t 
he is mercenary enough to continue th is practice until 
public opinion rises in its m ajesty  and compels him to 
spend some money—well or foolishly—to justify  his ex
istence. A century or so ago a th rifty  Englishm an, named 
Thellusson, left a la ge sum of money to be accumulated 
until it would pay off our National Debt. W henever I re 
ceive one of those persuasive form s appealing for income 
tax  I curse the folly of the maniacs who prevented Mr. 
Thellusson’s scheme f r o m  realization. And now I cry 
“Hands off Mr. Evans.” He knows with Mr. Jingle th a t 
though there is a g r e a t  deal to be done with fifty pounds, 
there is more t o  be d o n e  with a hundred and f i i 't y .  A lte r 
all there are o n ly  tv t h i n g s  which chemists s h o u l d  pur
sue, tru th  and m o m -y . industrial chemist* d e s i r e  t  uth 
becau e it b n g  money; pure c h e m i  t i  d e s i  e
money booa" <■ ” cs them to a tta in  m o r e  tru th . How
to blend th c o v e r  the golden m e a n ?  Thi< is
t h e  real r-■ : 1 - q u a d r a t u r e  of t h e  c i r c l e  a n d  the
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trisection of the angle are nothing to it. Chemical equa
tions are sometimes reversible, and I am hoping th a t a 
s ta te  of equilibrium will in time be reached between the 
reagents of tru th  and money. But T reasurers seldom a t 

tain to this state , they rise in the m orning repeating 
“Take the cash and let the credit £ 0 ,” and they go to bed 
m urm uring “A fool and his money are  soon parted .” I 
was once a T reasurer myself.

A u g u s t  1, 1921.

P A R I S  L E T T E R
B y  C h a r l e s  LoRMAND, 4  A venue  de  1 O bservato ire, P a ris , F rance .

The French government is a t present m aking a study 
of the better utilization of coal and lignite.

The prospecting for petroleum, which I have already 
discussed, does not seem to have given the hoped-for 
results. Therefore, search is being made fo r a solution 
of the fuel problem along some other line. I t  is desired 
to produce w hat is known as the “national carburetant," 
a  m ixture of different hydrocarbons and alcohol, especially 
benzene and ethyl alcohol, each in the proportion of 
33 per cent.

A competition has been instituted by the A gricultural 
Society of the D epartm ent of the H érault, which specifies 
th a t the m ixture shall contain am ounts of alcohol varying 
between 10 and 50 per cent, to be used with motors of 
the prevailing type or w ith modifications, these motors 
being devoted to motor culture, agricultural industries, 
m otor vehicles, navigation, or aviation. If  any American 
chemist or company is interested in this competition, I 
can send him the announcement.

Along this same line, distillation tests carried out on 
100 tons of lignite have given the following yield per ton 
of lignite:

25 kg. benzene 
25 kg. paraffin 
25 kg. ammonium sulfa te  

Although the United S tates is very rich in coal and 
petroleum, it is not neglecting lignite distillation, and is 
utilizing to the full the by-products of the coal. In 
France, a t the present time, m any small gas-works are 
not recovering the ir by-products, but a law, passed a t the 
end of June," now obliges the gas-works to  remove ben
zene, and also authorizes them to increase the proportion 
of w ater gas. A quantity  of 15 or 18 per cent in illum
inating gas has been pronounced inoffensive by the Conseil 
Supérieur d’Hygiene. I t is estim ated th a t the application 
of this law, which, of course, substitutes coke fo r coal for 
the m anufacture of the w ater gas, will reduce im ports of 
coal by a million tons per year. On the other hand, con
sidering all the gas-works, it is estim ated th a t the benzene 
production will be from 2 5 ,0 0 0  to 3 0 ,0 0 0  tons per year. 
F urther, the calorific value has been fixed a t a maximum 
of 4 7 0 0  calories and a  minimum of 3 5 0 0  calories.

THE HABER AND CLAUDE PROCESSES 
The members of the committee appointed to estim ate 

the co nparative value of the Haber and Claude processes 
are n. t  giving out the results of their investigation, and 
although the report has been submitted it is very difficult 
to fl.Mi > t  w hat its conclusion was. French chemists are 
unanhn >us in deploring the fact th a t the private in terests 
of the companies make such precautions necessary. There 
are involved here questions of a purely scientific sort, to 
which should be given the greatest possible publicity.

All one can say a t  present, from  ccitain  indications and 
with reservations, is th a t the committee has not pro
nounced itself clearly in favor of one or the other of the 
two processes. They seem to be equivalent, and the 
economy which would resu 't from one or the other is of 
small value on account of the fac t th a t the same difficulty 
exists in either case, th a t is, the cost of pure hydrogen. 
According to different engineers, it appears tha t this 
question of nitrogen reeds to be studied in the industrial 
laboratory for seme time longer.

HYDRCGENATIÇN OF FISH  OILS 
Following the example set in the United S tates, more 

a fid more research is being directed toward the utilization 
of ’ca products.

:Ur. Marceîet has ju r t 1 ten studying the hydrogenation 
of fish oil. I t  was aïÉgâdy known th a t hydrogénation

removes the odor which has made the oil unusable. Mr. 
M arcelet has been able to follow the lowering of the iodine 
number and the elevation of the melting pint, and to draw 
from th is practical conclusions as to the utilization of 
the oil from  the point of view of foods.

THE UNITED STATES TA RIFF 
A certain excitem ent has been m anifested in France 

a t the announcement of the anpearance of the new United 
S tates customs tariff. The Chamber of Commerce of 
Paris, the president of which, Mr. Pascalis, is a m anufac
tu rer of chemical products, has issued a p retest, based 
on the fact th a t the application of this tariff would neces
sita te  annoying inquisitorial m easures in French factories 
on the p art of American tariff agents, and by a natural 
recoil American banks which have interests in P aris would 
have to expect to lose part of the ir clients.

The explanations from various sides which have ap
peared in the press reduce the apprehension to its true 
value. The list of substances adm itted free to the United 
States is still relatively im portant, and it appears that 
the protective system adopted applies especially to the 
dyestuff industry, and is in a way legitim ate on account 
of the considerable effort which is being made in this 
field in the United States, an effort which evidently needs 
a certain  protection, a t least for some years to come. 

A u g u s t  1, 1921.

Laboratory F ire at Tulane University

Fire which resulted in dam age to equipment of ap
proxim ately $20,000 and to the building of about $28,000 
was discovered in the a ttic  of the Richardson Chemistry 
Building, Tulane University, New Orleans, on the morn
ing of July 6. No cause has been determined as to the 
origin of the fire. The top story of the building w as com
pletely destroyed, the second floor badly damaged, and 
the equipment on the main floor was damaged by water.

An interesting observation in connection with the fire 
is th a t “ two shelves in theattic, which had been treated  
10 years ago w ith aniline hydrochloride and copper sul
fate were not even scorched although brass melted within 
three feet of them, and they were within 10 feet of where 
the fire is supposed to have originated.”

Reconstruction has already commenced and it is hoped 
th a t the building will be back in shape in tim e fo r the 
opening of the fall term .

The la test report of the British Alkali Committee, which 
covers developments during 1920, outlines the present 
sta tus of the industry as follows: During the year the 
num ber of registered chemical works was 1383; of these, 
58 were registered as “alkali works,” th a t is to say, works 
in which sa lt is decomposed with evolution of m uriatu 
acid. There been a decrease of four in the number 
ol alkali works registered and of 16 in the num ber of 
o ther works, s iota! reduction of 20. The number of 
works by n" ra.-nns indicates the number of processes 
under inspect■<> i. as many works are registered for more 
than one pr.nv in some instances the number of re
en te rab le  p n - : -es in one works is as high as 10.



Sept., 1921 T H E  JOU R NA L O f  I N D U S T R I A L  A N D  ENGINEERING CH E M IS T R Y 853

IN D U STRIA L NOTE
The Dye and Chemical Control Section of the Customs 

Service has prepared the following- statem ent showing the 
commodities which are regarded as synthetic chemicals 
or drugs, and which therefore require special license for 
release from  customs custody under the term s of the 
Emergency Tariff Act, also those which are not so con
sidered. Synthetic Organic Chemicals: Formic, lactic, 
oxalic, pyrogaliic, acetic, and valerianic acids, and all 
salts of the above, acetic anhydride, acetone, acetone oil, 
formaldehyde, chloral hydrate, urea, dionin (ethyl m or
phine), terpin hydrate, carbon tetrachloride, chloroform, 
cellulose esters, amyl acetate, amyl nitrite, ethyl acetate, 
ethyl chloride, sulfuric ether, butyl alcohol, iodoform, 
heroin, peronin, calcium cacodylate, m ercury cacodyl ate. 
Not Synthetic Organic Chemicals: Citric, gallic, tannic, 
tartaric, prussic and glycerophosphoric acids, all metallic 
or inorganic radical sa lts  of the above, thymol, glycerol, 
calcium cyanamide, sulfocyanides of m etals or inorganic 
radicals, cocaine, morphine, caffeine, menthol, bismuth 
albuminate.

The French Academy of Sciences has ju s t received a 
gift of 10,000,000 francs from  Baron Edmond de Roth
schild fo r use in research work.

The Baltimore and Ohio Railroad Company has re 
established its agricultural bureau to carry out the pro
gram begun in 1916 which was abandoned la te r on ac
count of w ar conditions. The bureau is a part of the 
commercial development departm ent, under the charge 
of Mr. H. O. H artzell.

Major General W. L. Sibert, form er head of the Chemi
cal W arfare Service during the World War, is now back 
home on his farm  in W arren County, Kentucky, where 
he is in the crude oil producing industry. Twenty wells 
are now going on General S ibert’s land and one of these 
is credited w ith being the la rgest producer ever struck 
in W arren County.

Dr. Reuben S. Tour, governm ent chemical expert, has 
been appointed professor of chemical engineering a t  the 
University of Cincinnati. Dr. Tour, who succeeds Dr. O. 
R. Sweeney, who resigned because of ill health, has served 
for several years as an expert for the governm ent on ni
tra te  and other chemicals, and will continue to ac t as 
consulting expert for the government. He had been of
fered, but refused, a position as chemical expe; t  by a 
nation of Europe. Dr. Tour’s now duties will begin Sep
tember 1.

Dr. J . M. Bell succeeds Dr. F. I’. Venable as head of 
the departm ent of chem istry a t  the U niversity of North 
Carolina. While Dr. Venable has resigned as head of the 
chemistrv departm ent, he will continue his duties as pro
fessor. in  the fall, l)r. F. C. V ilbrandt of Ohio S tate  Uni
versity will assum e his duties a t  the U niversity of North 
Carolina as associate professor of industrial chemsitry, 
and will inaugurate laboratory courses in th a t subject, 
as well as carry  cn the lecture wrork.

Dr. Eugene P. Deatrick resigned as instructor of soil 
technology, College of A griculture, Ithaca, N. "V „ to be
come associate professor of soils, head of departm ent, 
West V irginia University, Morgantown, W. Va.

Mr. W. H. Ransom, who has been stationed a t  the old 
Hickory Powder P lan t as executive officer, for the pa t  
two years, has accepted a position with the «Celluloid Co., 
Newark, N. J.

The United Indigo & Chemical Co., Ltd., a British cor
poration with offices in Boston, is required by a recent 
order of the Federal Trade Commission to refra in  from 
certain competitive methods in the chemical industry. 
Testimony was given a t  the tria l th a t during the three- 
year period, 1916, 1917, 1918, the United Indigo & Chem
ical Co., Ltd., expended fo r entertainm ent and gratu ities 
to  employees of its customers and com petitors’ customers 
an average of from §40,000 to $50,000 per year. These 
gifts were found to have been given w ithout the know
ledge or consent of the employers whose employees re 
ceived the goods. This practice has been declared by the 
commissioners an unfair method of commerce, and its 
discontinuance ordered.

Fire damaged the Archer-Daniels Linseed Company’s 
plant, a t Buffalo, N. Y., recently. The fire was caused 
by spontaneous combustion, and resulted in a loss of 
$50,000.

The Maryland Vegetable Co., capital $1,250,000, has 
purchased the factory property of the Cocoanut Products 
Corporation, Baltimore, against which foreclosure pro
ceedings have been instituted.

The American Society for Testing M aterials has ap 
pointed a committee to work in conjunction with the Zinc 
Institu te in testing zinc ores. The committee is headed 
by W. H. Bassett.

The American Chemical-Machinery Co., Philadelphia, 
has been incorporated in Delaware with a capital of 
$500,000.

NOTES
Dr. A rthur B. Ray, who has been directing certain  in

vestigations relative to carbon products a t the Cleveland 
laboratories of the National Carbon Co., Inc., has been 
recently tiansferred  to the Union Carbide & Carbon Re
search Laboratories, Inc., Long Island City, N. Y.

Mr. Alfred T. Shohl, form erly associate professor of 
chemical hygiene in the School of Hygiene and Public 
Health, Johns Hopkins University, has recently been ap 
pointed associate professor of pediatrics in the newlv 
created departm ent of pediatrics a t the Yale Medical 
School, New Haven, Conn. A large p art of the work will 
consist of research in food and metabolism connected with 
children.

Mr. Wallace L. Caldwell, for the p ast n'no years direc
tor, departm ent of roads and pavem ent-, of the P itts 
burgh Testing Laboratory with headquarters a t  B irm ing
ham, Ala., is a t  present located a t  Louisville, Ky., as as
sistan t to the president of the Kentucky Rock A sphalt Co.

Mr. Ralph C. Holder recently resigned as junior chemist 
in the food research laboratory, Bureau oi‘ Chemistry, to 
accept a position as chemist in charge of the chemical 
laboratory for the Collis Products Company a t  St. Paul, 
Minn.

Mr. Paul M. Stouffer le ft the laboratory  of the Solvay 
Process Company in Syracuse, N. Y., to take charge of 
control work for the W hite Rock Mineral Springs Co., 
Waukesha, Wis.

Mr. R. II. Hoffman, food and drug  commissioner of the 
S tate of Texas, for about ten years, now has charge of 
the laboratory and the Life Extension : e- vice of th» 
Great Southern Life Insurance Co., Houston, Tex.

Mr. J. P. Bonardi, who has been w ith th ■ Bureau of 
Minas Experim ent S tation a t  Denver for the p as t five 
years, recently transferred  to Reno, has accepted a po
sition as m anager of the assay and chemical departm ent 
of the Mines and Smelter Supply Co. of Denver, Col.

PERSONAL
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GOVERNMENT PUBLICATIONS
B y N e l l i e  A,. P a r k i n s o n ,  B u re a u  o f  C h em is try , W a sh in g to n , D . C.

NOTICE—Publications fo r which price is indicated can 
be purchased from  the Superintendent of Documents, 
Government P rin ting  Office, W ashington, D. C. O ther 
publications can usually be supplied from  the Bureau or 
D epartm ent from  which they originate. Commerce Re
ports are received by all large libraries and m ay be con
sulted there, or single numbers can be secured by ap 
plication to  the Bureau of Foreign and Domestic Com
merce, D epartm ent of Commerce, W ashington, D. C. The 
regular subscription ra te  fo r these Commerce Reports 
mailed daily is $2.50 per year, payable in advance, to the 
Superintendent of Documents.

Barytes a n d  Barium Products i n  1919. G. W. S to s e .  
Separate from  Mineral Resources of the United States, 
1919, P a rt II. 13 pp. Issued Ju ly  28, 1921. The barytes 
industry had a prosperous year in 1919. The following 
tabular statem ent shows the quantity, value, and average 
price per ton of crude barytes produced and m arketed in 
the United S tates, 1880-1919:
C R U D E  B A R Y T E S  P R O D U C E D  A N D  M A R K E T E D  IN  T H E  U N IT E D  

S T A T E S , 1880-1919
Q u a n ti ty  A v e ra g e

S h o r t  to n s  V a lu e  p r ic e  p e r  
to n

A n n u a l a v e ra g e  fo r  10 y e a rs  1880 -1889 .. 21,410 ........................................
A n n u a l a v e ra g e  f o r  10 y e a rs  1890 -1899 .. 27,523 ........................................
A n n u a l a v e ra g e  f o r  10 y e a rs  1900-1909 .. 68,310 ........................................
A n n u a l a v e ra g e  f o r  5 y e a rs  1910-19 1 4 . . . .  43,389   $3.31
1915 ...............................................................................  108,547 $381,032 3.51
1916 ...............................................................................  221,952 1,011,232 4.56
1917 ............................................................................... 206,888 1,171,184 5.66
1918 ...............................................................................  155,368 1,044,905 6.73
1919 ...............................................................................  189,647 1,555,793 8.20

The to tal quantity  of barium products m anufactured 
and sold in 1919 was considerably g rea ter than in 1918. 
The quantity of barium chemicals m arketed in 1919 was 
somewhat less than  in 1918, but the quantity  of lithopone 
produced and sold was much g rea ter than in 1918.

M agnesite in 1920. C. G. Y a l e  a n d  R. \V. S to n e .  Sep
ara te  from  Mineral Resources of the United S tates, 1920, 
P a r t II. 17 pp. Published Ju ly  27, 1921. Reports re 
ceived from all producers show th a t 303,767 short tons of 
crude domestic m agnesite, valued a t $2,748,150, was pro
duced and sold or trea ted  in 1920, an increase of 94 per 
cent in quantity  and 120 per cent in value over 1919.

BUREAU OF MINES
N ature of Shale Oil Obtained from Shale Oil Assay Re

tort Used by the Bureau of Mines. M. J. G a v in  a n d  L. C. 
K a r r i c k .  Reports of Investigations. Serial No. 2254. 
11 pp. Issued June 1921. Experim ental work indicates 
tha t it is ossible to vary the quantity  and quality of the 
oil obtainable with the assay re to rt from  a given shale by 
varying the conditions of retorting .

An Unusual Hazard in Reopening Long-flooded Timbered 
Metal Mines. D. H a r r i n g t o n .  Reports of Investigations. 
Serial No. 2255. 3 pp. Issued June, 1921. There is a
well-defined movement tow ards reopening of long aban
doned mines with in tent to  ex tract ores of a grade for
m erly rejected but probably amenable to present-day 
methods of treatm ent. Many of these properties have long 
been under w ater and the ir recovery presents, among other 
problems, th a t of possible occurrence of explosive gas, 
m ethane. Precautions to be observed in such work are 
described.

Notes on The Oil-Shale Industry with P articu lar Ref
erence to the Rocky Mountain D istrict. M. J. G a v in , H. H. 
H i l l  a n d  W. E. P e r d e w .  Reports of Investigations. Se
rial No. 2256. Issued June 1921. 36 pp. As yet no pro
cess for obtaining oil from oil shale has been used in ac
tual commercial practice in th is country. Indications are 
th a t the United S tates cannot continue long to depend on 
domestic petroleum to supply completely the demand for 
petroleum products, and th a t sooner or la te r our oil shales 
will have to  be used to help supply the deficit. The shale- 
oil industry cannot hope to supplant the petroleum in
dustry in a large way for many years.

Six-Year Accident Record of Mines of the Anaconda 
Copper Mining Company in Montana. D. H a r r i n c t o n .  Re

ports of Investigations. Serial No. 2259. 2 pp. Issued 
June, 1921.

Recent Articles on Petroleum and Allied Substances. 
Compiled by E. H. B u r r o u g h s .  Reports of Investigations. 
Serial No. 22621. 28 pp. Issued June, 1921.

Gases Produced in the Use of Carbon Tetrachloride and 
Foam ite F ire Extinguishers in Mines. A. C. F i e l d n e r  a n d  
S. H. K a t z . '  Reports of Investigations. Serial No. 2262. 
6 pp. Issued June, 1921. A sum m ary of results is in
cluded giving the im portant constituents of the atmos
pheres produced in the use of carbon tetrachloride and 
foam ite extinguishers in the wood fire experiments.

Monthly Statem ent of Coal-Mine F atalities in the 
United S tates, April, 1921. W. W. Adams. 9 pp. Issued 
June, 1921. Paper, 5 cents.

DEPARTMENT OF AGRICULTURE
W aterproofing and Mildewproofing of Cotton Duck. 

H . P. H o lm a n .  B. S. L e v in e  a n d  T. D. J a r r e l l .  Farm ers’ 
Bulletin 1157. 13 pp. Paper, 5 cents. Reprinted with
slight changes, June 1921.

COMMERCE REPORTS—JU LY  1921
Conditions in the Belgian zinc industry are described. 

(P. 38.)
An article describing the Chinese oil resources in great 

detail m ay be obtained from  the F a r  E ast Division of the 
Bureau of Foreign and Domestic Commerce. (P. 54.)

The oil-bearing nuts of the G uatem alan palm tree are 
sad to contain 65 per cent of oil, in comparison with 42 
per cent for A frican nuts, and the yield of kernels per 
ton of nuts in Guatemala is about 18 per cent. (P. 56.)

The exportation of oil by American companies in Tam
pico stopped on Ju ly  2, 1921. (P. 65.)

Japan has recently completed a contract w ith a British 
company whereby her fuel oil tanks will be filled to ca
pacity. (P. 84.)

The copra trade in the Dutch E as t Indies is reviewed. 
(P. 85.)

The government of Ecuador has drawn up a contract 
w ith an American company which provides for the exploi
tation of oil deposits in the province of El Oriente for a 
period of 34 years. (P. 95.)

One of the effects of the coal fam ine in England has 
been to fix atten tion  to the possibilities of liquid fuel. 
Possibilities of steam  raising by means of oil installations 
are looked upon as of more immediate concern than any
th ing else. (Pp. 107-9.)

Great in terest is shown a t Sydney in the m anner in 
which the phosphates from Nauru Island are to be divided 
among m anufacturers of fertilizers. (Pp. 116-7.)

Forty  carloads of mineral fertilizer destined for Soviet 
Russia were passed through Yam burg from  Germany up 
to the end of April 1921. (P. 120.)

Announcement comes from  Moscow of the success of 
experim ents for the production of paper from flax waste, 
which has hitherto  remained unused. (P. 120.)

The curtailm ent of the use of electricity fo r light and 
power has led to  an in teresting  development in Liverpool 
in the installation of oil fuel apparatus fo r light and heat 
by kinema houses and other places of amusement. 
(P. 123.)

A new plant and buildings, costing $1,250,000, are in 
the course of erection by the Cape Explosives Works 
(L td.), Som erset W est, Cape Province. They plan to 
supply every kind of fertilizer used in the country and 
expect to be able within a few months to produce fertil
izers a t the ra te  of 100,000 tons per annum. (P. 128.)

The stagnation of the n itra te  m arket continues to  be 
the principal item of in terest in Chile. (P. 143.)

F or the g rea ter p a rt of the year a  prohibition on im
port of synthetic dyes was m aintained in Bombay, India, 
in the in terest of the British m anufacturer. Licenses 
were, however, freely issued for foreign dyes which Great 
B ritain  was unable to produce in sufficient quantities. 
(P. 154.)

The new Italian im port duties, effective Ju ly  1, 1921, 
are quoted on cottonseed oil and gasoline. (P. 165.)



Sept., 1921 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  ENGINEERING CH E M IS T R Y 855

It is reported th a t several tons of high-grade tin ore 
have been extracted near Sao Paulo, Brazil. (P. 167.)

Phosphate production in E gypt is reviewed and it  is 
stated th a t the industry has rapidly advanced since the 
signing of the arm istice until the 1920 exports were double 
those of 1919. (P. 183.)

The production of petroleum in Mexico from  1901 to 
1920 was 563,523,752 bbls. of 42 gal. each. The quantity 
increased yearly from  10,345 bbls. in 1901 to 163,540,000 
bbls. in 1920. I t  was estim ated th a t in January  1921 the 
supply of oil in  theTam pico-Tuxpam  fields was 450,000,000 
bbls. This would last 2.5 yrs. a t  the ra te  of production 
in 1920. I t  appears th a t there is no ground fo r anxiety 
about the fu ture oil supply, though there is some differ
ence of opinion on this subject. (P. 230.)

The British Cast Iron Research Association has been 
formed, its object being to conduct scientific and experi
mental work in connection with the cast iron trade. 
(P. 234.)

A new French company has been formed with a capital 
of 100 million francs to m arket oil in France and the 
French colonies. Of the capital the French syndicate 
guarantees the subscription of 55 per cent and the Anglo- 
Persian Oil Company the rem aining 45 per cent. (P. 234.)

Statistics are given showing the total production of 
petroleum for Mexico for the years 1901-1920, inclusive; 
also the figures fo r production, exportation, and con
sumption in 1921, up to and including May. (P. 271.)

The fu ture export tendencies of German coal-tar colors 
are described and the following table is included showing 
the quantity of aniline and coal-tar dyestuffs exported to 
various countries in 1920 as compared w ith the quantity 
exported to these countries in 1913:

'C o u n tr ie s  o f  C o u n tr ie s  o f
D es tin a tio n

Czechoslovakia

1913 1920 D e s tin a tio n 1913 1920
T ons T o n s T o n s T ons

13,855 33S S w eden  .................. 893
11,000 970 S w itz e r la n d  ......... . 784 464
.5,800 741 S p a in  ....................... . 656 447

2,335 B ra z il ..................... . 627
4,100 1,257 M exico ................... . 543
8,500 C a n a d a  ................... . 443
3,500 , T u rk e y  ................... . 437 195
3,800 P o r tu g a l  ................ . 418
2,500 790 N o rw a y  ................ . .  270 220
1,100 D e n m a rk  .............. 216
1,400 1,047 F in la n d  .................. . 236 194
1,400 670

(Pp. 279-80.)
The petroleum industry in Soviet Russia in 1920 is 

reviewed. In 1920 there was produced 10,000,000 lbs. 
of crude petroleum more than in 1919. (Pp. 284-7.)

The possibilities of the sale of American drugs and 
medicines in India w arran t a careful study of the m arket. 
(P. 289.)

According to an Indian expert, oil m ay soon be dis
covered in B ihar and Orissa, in the Central Provinces, 
and in the Peninsula. There are also indications of a 
fairly well-defined oil belt between Assam and Burma, 
passing through Chittagong. (P. 289.)

Word comes from  England th a t the North Staffordshire 
Railway has, in common with many other companies, 
adopted oil-burning for locomotives. An interesting 
feature of the change is th a t both coal and oil can be 
used as fuel a t  the same tim e on these locomotives. 
(P. 317.)

N ear-Eastern m arkets for paints and varnishes, includ
ing Palestine, Smyrna, Syria and Turkey, are reviewed. 
(Pp. 318-20.)

British trade in chemicals, drugs and dyes is reviewed. 
(Pp. 330-3.)

The British palm-kernel and edible-oil industry is des
cribed and in com paring the 1920 with the 1913 sta tus 
it is noted th a t the United Kingdom and Germany have 
exchanged positions in the palm-kernel crushing industry. 
(Pp. 338-42.)

The vegetable-oil industry of Belgium is reviewed. The 
four years of w ar had a disastrous effect on the industry 
from which it has not yet recovered. (Pp. 363-5.)

The production of salt in the Fukien Province, China, 
during 1920 amounted to 40,103 tons. (P. 376.)

A m arket for aniline dyes ic said to exist in the Chung
king District, China. (P. 376.)

S tatistics are given showing the production of minerals 
and metals in. the United Kingdom during 1918 and 1919. 
(Pp. 378-9.)

The Havre trade in oleaginous nu ts is reviewed. 
(Pp. 384-5.)

Cellulose of a good quality, capable of being used in 
the m anufacture of fine grades of paper and gunpowder, 
is m anufactured in Jugoslavia. (P. 416.)

Trade in dyestuffs in Japan  has become more active. 
(P. 452.)

There were exported 13,901,524 m etric quintals of 
n itra te  from Chilean ports during the first four months 
of the present year. (P . 471.)

The Secretary of the Scientific and Industrial N itra te  
Institu te sta tes th a t a t  the present ra te  of production of 
n itra te  it is possible to ex tract only 700 tons of iodine 
annually in Chile; th a t in normal tim es the production 
may be estim ated a t double th a t figure. (P. 471.)

The slump in exchange during 1920 has completely up
set all Chinese business in the dye trade. (P. 485.)

S T A T IS T IC S  O F  E X P O R T S  O F  T H E  U N IT E D  S T A T E S — J U N E  1921

S h a lif-h a i— (P p . 1248-9) 
A n tim o n y  

C rude 
O xide 

A lb u m in  
C am phor 
T u n g s te n  o re  
C uba— (P p . 1270-1) 
G old, s ilv e r  a n d  p la t i 

n um  
I ro n  a n d  s tee l 
C opper a n d  a lloys 
P a in t s  a n d  v a rn ish e s  
C hem ica l p ro d u c ts  
O ils
H id es  a n d  sk in s  
J a m a ic a — (P . 1294) 
O ra n g e  oils 
T a n n in g  m a te r ia ls  
C o p ra
L ondon— (P . 1785)
R u b b e r
T in
L e a th e r , hides 
D ru g s  a n d  chem ica ls  
G um s
F ra n c e — (P . 1807) 
C hem ica ls

Colors
C opper
H ides a n d  s k in s

L e g h o rn — (P . 1330) 
S ie n n a  e a r th  
U m b e r  e a r th

P a le rm o , I ta ly — P .
1549)

O live oil 
S u lfu r  o il 
B e rg a m o t 
M an n a  
O il o f  lem on 
O il o f  o ra n g e  
D y e in g  a n d  ta n n in g  

m a te r ia ls  
C it r a te  o f lim e 
C itric  ac id  
T a r ta r ic  ac id
G lasgow , S c o tlan d —  

(P . 1627)
C reoso te  o il a c id s
F e r ti l iz e rs
M agnesite
M an g an ese  ox id e  a n d  

o re
S u lia te  o f  a m m o n ia

A leppo , S y r ia — (P . 
1616)

G um  tr a g a c a n th
M exico C ity— (P . 1738)
J a la p  ro o t
Ip o m e a  o r iz ab en s is
In d ig o
V a le r ia n
C opper
H id es  a n d  s k in s  
L in a lo a  oil 
S esam e oil 
Q u ick silv e r 
S ilv e r 
T u rp e n tin e  
K a la m a ia ,  G reece—

(P . 1791)
H ides  a n d  sk in s  
R es in
C u rac ao , W e s t In d ie s  

—  (P . 1807)
C o p a ib a  b a lsa m
C hicle
G aso line
A lg e r ia — (P . 1869) 
E sse n c e  o f  g e ra n iu m  
G lue s tock  
I ro n  o re

S T A T IS T IC S  O F  E X P O R T S  O F  T H E  U N IT E D  S T A T E S — J U L Y  1921

-(P P .In d o -C h in a— (P . 15) 
G um s, gam boge 
P lu m b a g o  o r  g ra p h ite  
R u b b er, In d ia , c ru d e  
S tick  lac

B ra z il— (P . 41) 
C a rn a u b a  w ax  
C ottonseed  
M an g an ese  
M o n az ite  s an d  
R u b b e r

C ap e to w n — (P . 74) 
B uch u  leaves 
L ead  a n d  copper 
V an a d iu m  
W a x

L iverpoo l— (P . 123)
T in
F e rro m a n g a n e se  
P a lm  oil

V igo , S p a in — (P . 147)
A rse n ic  
O live oil

H am kow , C h in a— (P .
495)

A n tim o n y  
C ottonseed  o il 
S ^sam um  seed 
T a llow , v eg e tab le

B irm in g h a m , E n g la n d  
(P . 240)

A lu m in iu m  
C hem icals a n d  d ru g s  
A cid , c itr ic  
A m m on im  c a rb o n a te  
A m m onim  m u r ia te  
Soda ta r t r a t e  
G ela tin

B om bay, I n d ia -  
156-8)

L inseed  
S esam um  
R ap e  seed  
B one m ea l 
C op ra  
D rugs  
G um s 
Oil
C oconut
R ose
O re, m a n g a n e se  
Seeds 

C as to r  
P o p p y  
M u sta rd

C a lc u tta , In d ia — (P .
253)

L ac
L inseed  
R apesced  
C a s to r  seed

G reece— (P . 343)
A t ta r  o f roses
C hrom e o re
M ag n es ite  o re
O pium
R osin
S affron
T a r t r a te  o f  lim e

E g y p t— (P . 201) 
A lcohol
M edical p re p a ra t io n s  
O ils , m in e ra l

L ondon , E n g la n d —  
(P . 510)

P u b b e r
T in
D ru g s  a n d  ch e m ica ls

A u s t r ia — (P p . 360-1) 
O ils, f a ts
P a in t s  a n d  ta n n in g  

m a te r ia ls  
G um s a n d  re s in s  
M in e ra l o ils , c h a rc o a l 

a n d  s la te  ta r  
C hem ica l p ro d u c ts  an d  

ch e m ica l m a te r ia ls  
A cid  t a r ta r ic  
F use l o il 
M in e ra l w ax  
M exico— (P p . 579-91) 
C it r a te  o f  lim e  
O il o f  lim e 
Oil c a k e  
C o conu t 
S esam e seed 
S ilv e r  a n d  le ad  o re  
C opper o re  
M an g a n e se  o re  
S ilv e r  o re  
Z inc  o re  
G lycero l, c ru d e  
O ils , e s s e n tia l  
M o lybdenum  o re  
T u n g s te n  o re  
A rse n ic  
C o tto n se ed  o il 
R osin  
R u b b e r  
T u rp e n tin e  
W a x  
B a rk  
C in c h o n a  
S a r s a p a r i l la  
C h ic le , c ru d e  
N i t r a te  o f  p o ta sh  
Q u ick silv e r
T a m p ic o , M ex ico— (P n . 

180-1)
P e tro le u m
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BOOK REVIEWS
M etallography, P art II. The Metals and Common Alloys.

By S a m u e l  1,. H o y t ,  E. M., I’ll. I). 1st Edition. x~|-4C2
pages. McGraw-Hill Book Co., Inc., New York. ldSl.
Price, .$5.00.
To the genera l. reader the subtitle of th is book gives 

little Idea of (lie valuable material contained In it. While 
the aluminium alloys, the brasses and bronzes, the bearing 
metals, steels and cast irons are strictly speaking common 
alloys they are so imporlant both from a scientific and tech
nical point of view they deserve a 1 etter adjective to de
scribe them. In  his preface the author refers to them as 
“ the more Important metals and alloys” which is much 
more appropriate. This volume describes the constitution 
and microstructure, the physical arid mechanical properties, 
the heat treatment, effects of impurities, and the uses of 
(1) pure metals, (2) white metal alloys, (3) light metal 
alloys, (-1) brasses and bronzes, (5) steel and east Iron, and 
(0) special steels. The introduction into a  book on metal
lography of a discussion of the properties of the individual 
metals is a welcome and entirely proper addition, and un
der this heading the author has collected from the most 
reliable sources, and discussed the data concerning the more 
important properties of the metals. Naturally copper and 
iron receive the greatest attention. For the sake of com
pleteness and on account of its importance, data on nickel 
should have I een included, but unfortunately the author 
gives none and refers to another publication which may 
be available to a comparative few. The discussion of the 
properties of the metals is interesting, concise, accurate, 
and w ith abundant reference to the original data.

The author has departed from the usual practice of 
treating the nonferrous alloys. Instead of classifying them 
as copper, lead, or zinc base alloys be has grouped them 
under the headings of bearing metals, light metal alloys, 
and brasses and bronzes. This scheme has advantages in 
tha t under these general headings there can be the older 
classification according to metals. Under the simple bear
ing metals, (lie author discusses the equilibrium diagrams 
and the properties of the binary alloys, lead-tin, lead-an- 
timony, tln-antlmony, etc., and then a few of the ternary 
alloys.

Under the light metal alloys are discusscd the alloys of 
aluminium with copper, zinc, iron, manganese, silicon, al
loys which may be cast, forged, or heat treated. Duralumin, 
on account of its Increasing importance in airplane con
struction and its unusual change of properties brought 
about by heat trea tm en t and “ageing,” receives fu ller dis
cussion.

Although the brasses and bronzes are commercially old 
and important, it is only comparatively recently tha t they 
have received adequate scientific attention. The author 
traces the development of this work from Charpy’s first 
paper in 1S0C to the most recent, and discusses compre
hensively the' equilibrium diagrams of each group, the me
chanical and physical properties, microstructure, effect of 
impurities. One would naturally expect a discussion of the 
im portant phenomena of corrosion and season cracking a t 
this point, but the author is probably reserving it for the 
volume to follow on " Technical Practice.”

The author devotes about two-thirds of the volume to 
steel, cast iron, and special 'steels. His statem ent in be
ginning the discussion o f 'th e  iron-carbon constitution d i 
gram  th a t the diagram  m ay be regarded as orthodox has a

certain grim humor about it when one considers that it is 
tlie foundation stone of all the discussion th a t follows. The 
diagram is, however, discussed fully, clearly, atul with good 
judgment, in regard to the austenite-pearlite transforma
tion taking place on slow cooling the author uses excellent 
judgment, and the logic of the phase rule in dismissing the 
conception held by some that martonsite and troostite are 
intermediate phases in this transmission. Again he shows 
discrimination in not being misled by propaganda in 
favor of certain alloying elements In special steels, or as 
to the harmless effects of certain impurities such as phos
phorus and sulfur in ordinary steels. Indeed, one of the 
features of the book is the good judgment not only as to 
choice of material but also as to its relative importance. 
Nickel, chromium, manganese, silicon, tungsten, molyb
denum, chromo-nickel, chmnie-vanadlum, and high speed 
steels are discussed with abundant reference to the litera
ture, Tile collection of data in regard to the physical prop
erties, constitution, critical temperatures, mferostructare, 
and uses of all these steels will be welcomed most heartily. 
In his discussion of the uses of m anganese steel,the author 
makes the statement tha t manganese steel containing below
1.5 per cent manganese is used in Europe, especially in 
Germany, evidently forgetting the recent extensive manu
facture of rifles in this country. Such omissions are px- 
tremely rare, and on the whole the book is excellent, being 
clear, concise, accurate, and well balanced.

H e n r y  F ay

Rubber, Resins, P ain ts and Varnishes. By It. S. M o r r k l i . ,

Ph.D., and A. De W a k l k ,  A.T.C. xll +  230 pages. D.
Van Nostrand Co.. New York, 1020. Price, $4.00 net.
This is one of a series of volumes giving a comprehen

sive survey of the chemical industries, under the editor
ship of Dr. Samuel Itideal. As is said in the preface, the 
object of the books is to “ give a general survey of the 
industry, showing how chemical principles have been ap
plied and have affected manufacture.”

The volume will lie useful to the nontechnical as well 
as to the chemical reader, as it gives a brief, but withal 
an eminently satisfactory, review of the subjects in ques
tion, the space devoted to each being as follows: Rubber,

• 3.) pages; drying oils, -12; resins and pitches, 31; pigments 
and paint, 50; linoleum, 15; varnishes, 51.

Stress is laid upon the chemistry involved—in the ease 
of synthetic rubber, for example—and the action of driers 
in paints is carefully explained.

Statistics are not included, nor are analytical data or 
methods, except briefly In the ease of varnishes.

It would have been instructive in connection with paints 
to have given the results of the extensive and practical, 
te s ts  cn paint made in the United S tates by Holley and 
Ladd and Gardner, and by the American Society for Test
ing Materials.

A well-selected bibliograph w ith each chapter is a use
ful feature.

The book may be recommended cheerfully to all who 
have occasion to deal with the subjects in question as an 
interesting and authoritative treatise on their occurrence, 

.the chemistry of their manufacture, and their uses.
A . I I .  G i l l .
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American Chemistry. By H a r r i s o n  H a l e .  vii _|— 215
pages. D. Van Nostrand Co., New York, 3021. Price,
?2.00.
Here is ti little book with a most attractive title, w rit

ten with an excellent purpose: “ I t seeks to be of service 
both to the general reader and to the reader still in school. 
I'm- the student, it is intended for use either as collateral 
reading along with a course in General Chemistry, or as 
a short Separate course.”

Essentially then, this is to he a popular instructive trea t
ment of a great subject. I t  is eminently true that the 
treatment ol' a subject such as chemistry in simple lan
guage, suited to the layman, requires greater care than its 
presentation to those conversant with the rudiments of 
the science. In the former case, statem ents must either 
be entirely comprehensible to one with a good general edu
cation, or must convey the impression to such a reader 
that the meaning is clear to him. He must encounter few 
words with which he Is not familiar, even though lie may 
not be aware of their full meaning. ' Too many unknown 
words soon cause him to lose interest, and to feel tha t the 
subject is beyond his understanding. I t  must be said that, 
unfortunately, in this book, the author has failed to meet 
this requirement. For example, how can the unprepared 
reader gain any pleasure from statem ents such as these:

More recently by treating cottonseed oil with hydrogen 
in the presence of a catalyzer, the melting point is raised 
due to an increase in the molecular weight of certain con
stituents, and so a larger amount of solid fa t can lie ob
tained.

At higher temperatures the heavy oils with the heavier 
molecule tend to b reak 'u p  into oils with a lower boiling 
point and smaller molecular weight. This process is called 
“ cracking.”

Hence all drying oils are chemically unsaturated com
pounds. that is all of their valency bonds are not satisfied, 
and tliese bonds are filled by the oxygen upon exposure 
to the air.

Tlie book contains chapters on a number of subjects of 
very live interest, subjects which should be brought to the 
attention of the public from a chemist’s point of view, but 
these are handled here in a haphazard, careless fashion 
which does not give any proper sequence to the facts, or 
make them stand out in their true relation to eacli other. 
The book reads, in fact, as though it were a collection of 
verbatim notes taken at lectures given by one who had 
prepared only by reading a number of descriptive articles 
such as those quoted as references.

It must be said th a t this carelessness goes even beyond 
the mere construction of the chapters. It is to be found 
in the English used and in the inaccuracy of the proof
reading. Those who w rite as members of the class of edu
cators. should lie careful to use pure, clear English. Here 
we rea d :

The advantages of the American system, now in very 
general use in this country, are lower construction cost, 
greatly lessened requirement of land for the buildings and 
the ease of washing (lie filter, which is generally carried 
out dally by the use of compressed air followed by filtered 
wash water forced up from below and allowed to run to 
waste.

In addition to this, certain  substances, not all of whicb 
are clearly understood, are necessary to control and regu
late body processes.

Tlie increased use of paint m aterials has without doubt 
niacle. not only for improved sanitary conditions and more 
beautiful surroundings, but also for economy on account 
°f the protection from rot and rust resulting from the ac
tion of tlie atmosphere and of moisture.

In addition, the pit-falls of “ as t o ” and of split infi
nitives are not avoided.

It would be foolish to take space in such a J o u r n a l  to 
Point out sliort-comings of this kind, were it not tha t they

are characteristic of a great deal of the simplified science 
writings of today. Would it be too much to ask of those 
about to publish m atters of this kind to have someone ac
customed to criticize English pass upon their manuscript? 
There are some surprising statements in consequence of 
careless wording In this little book. We read tha t nitrogen 
is used (!)■ as “ a diluent for the more active oxygen of 
tlie air,” and again, that: “ one of the uses (!)  of nitrogen 
in the air is to dilute the more active oxygen.” Presum
ably, this should have been mentioned in the first chapter 
of Genesis. Again, cellulose is “ named from the plant 
cells of which it is made,” and finally, the North Ameri
can Indians in 1050 sold crude oil as an “ external and 
internal medicine, frequently being sold as Seneca oil."

It is a pity that this book Is not better. Its  faults over
shadow its virtues, chief among which is tha t of listing 
numerous references which are likely to prove of interest 
and benefit to students beginning their study of chemistry.

R . E. R o s e

Copper Refining. By L a w b e n c e  A d d ic k s ,  Consulting En
gineer. ¡X +  211 pp. McGraw-Hill Book Co., Inc.,
New York. 1021. Price, $3.00.
Tlie volume is a timely and valuable addition to a library 

on the metallurgy of copper. As the title indicates, the 
text is strictly limited to the purification of blister copper. 
Tlie thirteen chapters discuss the following general sub
jects: metal losses, metals in process, tank resistance, cur
rent density, current efficiency, impurities, by-products, fur
nace refining, the requirements of refined copper, copper 
from secondary material, the power problem, elements of 
design, and applications to other fields. The discussions 
under the general headings are well designed, the sub
divisions being clearly stated and well developed in order. 
This is one of the many strong points in the book and 
helps to make it thoroughly readable and easily grasped. 
The flow sheets of a copper refining plant, and those deal
ing with the different phases of the refining process are 
admirably worked out In clear detail and add greatly to 
the descriptive m atter which they accompany. The whole 
work appears to be well up-to-date and offers many sug
gestions for investigation of new processes for improved 
efficiency and for the prevention of waste. Very little 
theory is developed in the book, though the results of 
modern theories are used wherever applicable. One may 
summarize tlie text by saying tha t it is a clear descrip
tion of modern copper refining practice together with the 
application of the principles upon which the practice is 
based.

As is common in first imprints of a book there are a 
number of typographical errors, some rather glaring, and 
occasionally there is a iioor English sentence. Only one 
serious error was noticed In applying principles. This is 
in the discussion of the order of oxidation of the metals 
based upon the heats of formation of the oxides. The 
author makes his comparison with molar heats, rather 
than with equivalents, and thus wrongly concludes that 
tin would be oxidized to the dioxide in preference to zinc. 
From the thermochemical data given, however, zinc would 
reduce stannic oxide with the evolution of heat, and thus 
would become oxidized in preference to tin.

Since both the series and multiple arrangements of the 
electrodes in the tanks are in commercial use. the reviewer 
would have welcomed a discussion of the relative efficien
cies of the two types of connection under varying condi
tions. On the whole, the text rather exceeds one's expec
tations regarding a subject on which so little had been 
Compiled. .T. II. R a n s o m
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NEW PUBLICATIONS
F lo ta t io n :  C o n c e n tra tio n  by  F lo ta tio n . C om piled  a n d  ed ited  by T . A . 

R IC K A R D . 692 p p ., I l lu s t r a te d .  P r ic e , $7.00 p o s tp a id . J o h n  W iley  
& S o n s, In c . ,  N ew  Y ork .

M e ta llu rg y  o f  th e  C om m on M eta ls . L E O N A R D  S . A U S T IN . 6th  
ed itio n , rev ise d  a n d  e n la rg e d . 61B p p .  I l lu s tra te d . P r ic e , $7.00. 
J o h n  W iley  & S ons, In c .,  N ew  Y o rk .

R E C E N T  J O U R N A L  A R T IC L E S  

A lu m in u m : L osses  in  A lu m in u m  a n d  A lu m in u m  A lloy  M e ltin g .
R O B E R T  J .  A N D E R S O N . B R A S S  W O R L D , V ol. 17 (1921 ), N o. 8 , 
p p . 154-56.-

A lu m in u m : M etodo G asv o lu m e trico  p e r  la  D e te rm in az io n o  d e l l ' A l- 
lu m ln io . L . L O S A N A . G IO R N A L E  D I C H IM IC A  IN D U S T R IA L E  
E D  A P P L IC A T A , V ol. 3 (1921 ), N o . 6 , p p . 239-41.

C a ta ly s is :  L e M ecnn ism e de l ’A c tio n  C a ta ly t iq u e . CH . M A T IG N O N .
C H IM IE  E T  IN D U S T R IE , V ol. 6 (1921), N o . 1, p p . 7-10.

C e m e n t:  R e la tio n  be tw een  T e n sile  a n d  C om p ress iv e  S tr e n g th s  o f  
C em en t M o r ta rs . J .  R . D W Y E R . C O N C R E T E , V ol. 18 (1921),
N o . 6, p p . 123-25.

C e m e n t:  T h e  R e la tio n  o f  C a rb o n  D iox ide  a n d  M o is tu re  to  th e  S e t t in g  
T im e o f C em en t. S . L . M E Y E R S . C O N C R E T E , V ol. 19 (1921), 
N o . 1, p p . 128-30.

C o a l: T h e  U se  o f  O il in  C le a n in g  C oal. G. S T . J .  P E R R O T T  a n d  S . P .
K IN N E Y . C O A L  A G E , V ol. 20 (1921), N o. 4, p p . 182-134; C H E M 
IC A L  A N D  M E T A L L U R G IC A L  E N G IN E E R IN G , V ol. 25 (1921), 
N o . 5, p p . 182-S8.

C o a l: T h e  S cope o f  P u lv e r ized  C oal. F . P . C O F F IN . C O M B U S T IO N .
V ol. 5 (1921), N o . 2, p p . 62-65, 82.

C o a l: L es M a tiè re s  V o la tile  d e  la  H ou ille . A C H IL L E  D E L C L È V E .
C H IM IE  E T  IN D U S T R IE , V ol. 6 (1921), N o. 1, p p . 33-40.

C o a l: S om e o f th e  M any P ro b le m s  in  th e  C le a n in g  o f  C oal. E D W A R D  
O ’T O O L E . C O A L  A G E , V ol. 20 (1921), N o . 1, p p . 3-6.

C o llo id s : In  R e la tio n  to  C la r if ic a tio n  in  S u g a r  M a n u fa c tu re . S T U A R T  
M. L IT T L E M O R E . C H E M IC A L  E N N G IN E E R 1 N G  A N D  M IN IN G  
R E V IE W . V ol. 13 (1921 ), N o. 153, p p . 319-22.

C o p p e r: P r in c ip le s  o f  L e a c h in g  a n d  P re c ip i ta t io n  o f C opper. F R A N K  
A . L A T H E . C A N A D IA N  C H E M IS T R Y  A N D  M E T A L L U R G Y , V ol. 5
(1921), N o . 7. p p . 202, 203.

C o rro s io n : L es  C o rro s io n  du  F e r  e t  le u r  S u p p re ss io n  p a r  le  D égazage  
de l’E a u . G. P A R IS . C H IM IE  E T  IN D U S T R IE , V ol, 6 (1921), 
N o . 1, p p . 11-32.

C o ttonseed  : C h em ica l C h an g e s  in  C o ttonseed  d u r in g  H e a t a n d  S to ra g e . 
J O H N  M A L O W A N . T H E  C O TTO N  O IL  P R E S S , V ol. 5 (1921), 
N o. 4, p p . 40-43.

D y e in g : A  S tu d y  o f  th e  V a r ia t io n s  in  H c m a tin e  D ye in g s  w ith  D iffe ren t 
M ethods o f  C h rom a M o rd a n tin g . C A R L  W . S T A P L E S . T E X T IL E  
C O L O R IS T , V ol. 43 (1921), N o . 511, p p . 463-466; N o. 512, p p . 528-31. 

D y e in g : D yestu ff T e s t in g  in  th e  T e x tile  In d u s try .  E D W . W A L L A C E  
P IE R C E . C A N A D IA N  D Y E R  A N D  C O L O R  U S E R , V ol. 1 (1921), 
N o . 7, p p . 132-36.

D y e in g : T h e  M ech an ica l V e n ti la t io n  o f D yehouses. J .  E . B R IE R L E Y . 
J O U R N A L  O F  T H E  S O C IE T Y  O F  D Y E R S  A N D  C O L O U R IS T S , 
V ol. 37 (1921), N o . 7, p p . 187-90.

E x p lo sio n  H a z a rd  a n d  its  P re v e n t io n . J O S E P H  F . S H A D G E N .. T H E  
IR O N  A G E , V ol. 108 (1 9 2 1 ), N o. 3, p p .  127-30; N o. 4, p p . 205-06, 
239-40.

G a so lin e : P ro b le m s  o f M o to r G aso lin e . E . W , D E A N . P E T R O L E U M , 
V ol. 11 (1921), N o. 4, p p . 40, 45.

G e la tin :  L es P ro p r ié té s  de la  G é la tin e . L . M E U N IE R . C H IM IE  E T  
IN D S T R IE , V ol. 5 (1921 ), N o, 6 , p p . 642-50.

G lass . T h e  M a n u fa c tu re  o f  C o n s tru c t io n a l G lass  in  th e  U n ite d  S ta te s .
E . W A R D  T IL L O T S O N , J R .  J O U R N A L  O F  T H E  S O C IE T Y  O F  
C H E M IC A L  IN D U S T R Y , V ol. 40 (1921), N o . 13, p p . 155t-59t. . 

H e a t L o sses : M in im iz in g  S te a m  B o ile r  L osses. R O B E R T  J U N E .
T H E  G AS A G E , V ol. 48 (1921), N o . 1, p p . 7-9.

H e a t  W a s te :  S to p p in g  W a ste s  in  th e  B o ile r  P la n t .  L O R E N  L . H E B - 
B E R D . S U G A R , V ol. 23 (1921), N o . 7, p p . 3S4-86.

I n d u s tr ia l  S a f e ty :  T h e  E n g in e e r ’s P a r t  in  I n d u s t r ia l  S a fe ty . C. P . 
T O L M A N . C H E M IC A L  A N D  M E T A L L U R G IC A L  E N G IN E E R IN G , 
V ol. 25 (1921 ), N o . 5, p p . 203-05.

I r o n :  E le c tr ic  R ed u c tio n  o f I r o n  O res . H . A . d e  F R IE S . C H E M IC A L  
A N D  M E T A L L U R G IC A L  E N G IN E E R IN G . V ol. 25 (1 9 2 1 ) , N o . 6, 
p p . 193-94.

L e a d :  N o te s  on  th e  S o -called  A c tio n  o f  W a te r  on  L e a d . J O H N  C.
T H R E S H . T H E  A N A L Y S T  V ol. 46 (1921), N o . 544, p p . 270-79. 

L e a th e r :  F u r th e r  O b se rv a tio n s  on  th e  W ilso n -K e rn  M ethod  o f  T a n n in  
A n a ly s is . G. W . S C H U L T Z . J O U R N A L  O F  T H E  A M E R IC A N  
L E A T H E R  C H E M IS T S  A S S O C IA T IO N , V ol. 16 (1921 ), N o . 7,
p p . 349-67.

L im e : T h e  D ep endence  o f  th e  L im e In d u s try  u p o n  N a tu r e  an d  Science. 
A R T H U R  D . L IT T L E . C H E M IC A L  A N D  M E T A L L U R G IC A L  E N G I
N E E R IN G , V ol. 25 (1921), N o . 4, p p . 149-52.

M e ta lliz a tio n : L es P ro g rè s  de la  M e ta ll i s a tio n : P ro c é d é  Schoop par 
P u lv é r is a t io n  d e  M é ta u x  ou  A llia g e s  F o n d u s. P .  N IC O L A R D O T . 
C H IM IE  E T  IN D U S T R IE . V ol. 5 (1921), N o . 6, p p . 619-35. 

N itro u s  G ases : T h e  E ffe c t o f th e  P re s e n c e  o f  C h lo rin e  o n  th e  A bsorp
tio n  o f  N itro u s  G ases. H . W . W E B B . J O U R N A L  O F  T H E  SO
C IE T Y  O F  C H E M IC A L  IN D U S T R Y , V ol. 40 (1921 ), N o . 13, pp. 
162t-«6t.

P a lm  O il :  U n  N ouvel E m p lo i de  l’H u ile  de P a lm e . I .  L A Z E N N E C .
L ’IN D U S T R IE  C H IM IQ U E , V o l. 8 (1921 ), N o . 90, p . 262. 

P e tro le u m  : T h e  Colloid C h em is try  o f  P e tro le u m . F R E D . W . PA D G ETT . 
C H E M IC A L  A N D  M E T A L L U R G IC A L  E N G IN E E R IN G , V ol. 25
(1921), N o . 5, p p . 189-92.

P h o sg e n e : A zione d el F o sg e n c  su lla  U ic in o le in a . A R N O L D O  P IU T T I 
a n d  A . C U R Z IO . G IO R N A L E  D I  C H IM IC A  IN D U S T R IA L E  ED 
A P P L IC A T A , V ol. 3 (1921), N o . 6 , p p . 242-44.

P u lp :  D y e in g  o f  S tr a w  P u lp . C L A R E N C E  J .  W E S T . P A P E R , Vol.
28 (19 2 1 ), N o . 16, pp ." 23-24.

R u b b e r : E x p e r im e n ta l V u lc a n iz a t io n  on  th e  S m a ll S ca le . D. F. 
T W IS S  a n d  S. A . B R A Z IE R . T H E  IN D IA -R U B B E R  JO U R N A L , 
V ol. 62 (1921), N o . 1, p p . 15-17.

R u b b e r :  P i tc h  H y d ro c a rb o n s  used  in  th e  R u b b e r  I n d u s try .  F R E D E R IC  
D A N N E R T H . T H E  IN D IA  R U B B E R  W O R L D , V ol. 64 (1921), 
N o . 5, p p . 821-24.

S te e l :  A n  O ccu rre n c e  o f  N itro g e n  in  S te e l. A . A . B L U E . T H E  IRON 
R u b b e r : T h e  P re s e n c e  o f  M an g a n e se  in  R aw  R u b b e r  a n d  th e  O rigin 

o f  T a ck in ess . G. B R U N N I a n d  C. P E L IZ Z O L A . T H E  IN D IA - 
R U B B E R  JO U R N A L , V ol. 62 (1921 ), N o . 3, p p . 13-14.

R u b b e r : V u lc a n iz a t io n  o f  R u b b e r  in Sol a n d  Gel F o rm s . H E N R Y  P.
S T E V E N S . T H E  R U B B E R  A G E , V ol. 9 (1921), N o. 8 , p p . 295, 297. 

S ta r c h :  T h e  M a n u fa c tu re  o f  S ta r c h ,  G lucose a n d  B y -P ro d u c ts . R . H. 
W IL L IA M S . C A N A D IA N  C H E M IS T R Y  A N D  M E T A L L U R G Y , Vol. 
5 (1921 ), N o . 7, p p . 195-96.
A G E  V ol. 108 (1921), N o. 1, p p . 1-5.

S u g a r :  M ak in g  C ry s ta l l in e  D ex tro se . C H R . E . G. P O R S T . SUGAR, 
V o l. 23 (1921), N o . 7, p p . 380, 381.
R . G. T IL L E R Y . L O U IS IA N A  P L A N T E R  A N D  S U G A R  M ANU
F A C T U R E R , V ol. 66 (1921), N o. 26. p p . 411-14.

S u g a r :  P r e l im in a ry  S tu d ie s  on  som e F u n g i a n d  B a c te r ia  R esponsible 
fo r  th e  D e te rio ra tio n  o f S o u th  A f r ic a n  S u g a rs . P A U L  A . V A N  DER 
B IJ L . IN T E R N A T IO N A L  S U G A R  J O U R N A L , V ol. 23 (1921), No. 
270, pp . 320-24.

S u g a r :  O n R e fin in g  R aw  S u g a rs  C o m m erc ia lly  U s in g  V eg e tab le  Carbons. 
S u g a r :  T h e  U se  o f V eg e tab le  D eco lo riz in g  C a rb o n s . P . S R ÏIT . THE 

L O U IS IA N A  P L A N T E R  A N D  S U G A R  M A N U F A C T U R E R . Vol. 67
(1921), N o . 5, p p . 76-79.

S u g a r :  W a te r  C o n c e n tra t io n :  A  N eg le c ted  F a c to r  in  P o la r isc o p ic  Me
th o d s  o f  S u g a r  A n a ly s is . C. A . B R O W N E . L O U IS IA N A  P L A N T E R  
A N D  S U G A R  M A N U F A C T U R E R , V ol. 67 (1921), N o  3, p p . 44-46. 

S u lfite  L iq u o r :  L ’U til iz a tio n  des  L ess ives  K es id u a ire s  de F ab ric a tio n  
des C ellu loses à  P a p ie r .  I I .  B R A ID Y . R E V U E  G E N E R A L E  DES 
M A T IÈ R E S  C O L O R A N T E S  D E  L A  T E IN T U R E . D E  L ’IM P R E S 
S IO N  E T  D E S  A P P R Ê T S , V ol. 25 (1921), N o. 923, p p . 65-70. 

T e x tile s :  F a u lt s  in  F a b r ic s  D ue to  C hem ica l C au ses . D. K . COL- 
L E D G E . A M E R IC A N  D Y E S T U F F  R E P O R T E R , V ol. 9 (1921). No.
1, p p . 18-20.

T e x tile s :  N o te s  on som e R e c e n t Im p ro v e m e n ts  in  th e  F in is h  o f  Linen 
a n d  C o tto n  G oods. M  F O R T . J O U R N A L  O F  T H E  S O C IE T Y  OF 
D Y E R S  A N D  C O L O U R IS T S , V ol. 37 (1921), N o. 6 , p p . 161-66. 

T e x tile s :  T h e  U ses o f C o p p e r S a l ts  in  T e x tile  T re a tm e n t .  A . J .  H A L L . 
A M E R IC A N  D Y E S T U F F  R E P O R T E R , V ol. 9 (1921), N o . 5, pp. 
21, 2 4 ; N o. 5, p p . 20, 25, 26. F ro m  D Y E R  A N D  C A L IC O  P R IN T E R . 

T he U n iv e rs ity  a n d  R ese a rc h . V E R N O N  K E L L O G G . S C IE N C E , Vol.
54 (1921), N o. 13S4. p p . 19-23.

V a rn is h :  P ro g rè s  R éa lisés  d a n s  la  F a b r ic a tio n  des V e rn is  à  la  Colo
p h a n e . CH . C O F F IG N IE R . C H IM IE  E T  IN D U S T R IE  V ol. 5 (1921), 
N o. 5, p p . 495-99.

V ita m in e s  in  Food S u b s ta n c e s . T H E  C H E M IC A L  A G E  (L o n d o n ), 
V ol. 4 (1921 ), N o . 105, p p . 690-92.

V ita m in e s :  M ethods o f  E x t r a c t in g  a n d  C o n c e n tra t in g  V ita m in e s  A, 
B , a n d  C , to g e th e r  w ith  a n  A p p a ra tu s  fo r  R ed u c in g  M ilk , F ru it 
J u ic e s , a n d  O th e r  F lu id s  to  a  P o w d e r  w ith o u t D e s tru c t io n  o f  V ita 
m ines . J .  F . M cC L E N D O N . J O U R N A L  O F  B IO L O G IC A L  CHEM 
IS T R Y  V ol. 47 (1921 ), N o . 2 p p . 411-20.

W a s te :  D isposa l o f  I n d u s tr ia l  W a s te 9 a n d  S tr e a m  P o llu t io n . .C . A. 
E M E R S O N , J R .  J O U R N A L  O F  T H E  F R A N K L IN  IN S T IT U T E , 
V ol. 191 (1 9 2 1 ), N o . 6, p p . 807-18.
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IN O R G A N IC  C H E M IC A L S
A u g u s t 1

Acid, B o ric , c ry s t. ,  b b ls .................. lb . .13%
H y d ro ch lo ric , co m '!, 2 0 0 . . . . lb . .01%
H y d rio d ic  ......................................oz. .19
N itr ic , 4 2 0 ....................................... lb . .07%
P h o sp h o ric , 60%  te c h ................ lb . .13
S u lfu r ic , C. P ................................ lb . .07

C h am b er, 0 6 0 ...................... to n  18.00
O leum  2 0 % ........................... to n  22.00

A lum , a m m o n ia , lu m p ....................... lb . .03%
A lum in ium  S u lfa te  ( i r o n - f r e e ) . . lb . .03
A m m onium  C a rb o n a te , p w d ............ lb . *.07
A m m onium  C h lo rid e , g r a n .............. lb . *.06%
A m m onia W a te r ,  c a rb o y s , 2 6 0 . . lb . .08
A rsen ic, w h ite ......................................... lb . .06%

B arium , C h lo rid e ...................................to n  *57.50
N i t r a te  .............................................lb . *.08%

B ary tes, w h i te .......................................to n  30.00
B leach ing  P w d .,35% , w o rk s , 100 lb s . 2.25
Borax, c ry s t. ,  b b ls ................................lb . .06
Brom ine, p u r e ......................................... lb . .27

Calcium  C h lo rid e , f u s e d ................... to n  28.75
Chalk, p re c ip ita te d , l i g h t .................lb . .04
China, C lay , im p o r te d ........................to n  18.00
Copper S u lf a t e ........................... 100 lb s . 5.62%

Feldspar ..................................................to n  8.00
F ulle r’s E a r t h ................................100 lb s . 1.00

Iodine, r e s u b lim e d .................................lb . 3.50
Lead A ce ta te , w h ite  c r y s t a l s . . .  .lb . .13

N i t r a te  .............................................lb . .15
R ed A m e r ic a n ......................100 lbs. .11%
W h ite  A m e r ic a n .................100 lb s . .09%

Lime A c e t a te .................................100 lb s . 2.00
L ith ium  C a rb o n a te ...............................lb . *1.40

M agnesium  C a rb o n a te , t e c h ............... 10. .10
M agnesite ...............................................to n  72.00
M ercury f la s k  *..................... 75 lbs. *46.00
PhosphoruB, yellow ............................... lb . .30
P la s te r  o f  P a r i s ......................... 100 lbs. 1.50
Potassium  B ic h ro m a te ........................ lb . .11%

B rom ide, im p o r te d .......................lb . * .1S
C a rb o n a te , ca lc ., 8 0 -8 5 % ______ lb . .05
C h lo ra te , c ry s t ............................... lb . *.08
H y drox ide , 8 8 -9 2 % .......................lb . -04%
Iod ide , b u lk ........................................lb . 2.75
N it r a te  ............................................. lb . .10
P e rm a n g a n a te ,  U . S . P . . . . l b .  *.27

Salt C ake, b u lk ......................................to n  25.00
Silver N i t r a t e .......................................... oz. .41 %
Soapstone, in  b a g s ...............................to n  12.00
Soda A sh . 58% , b a g s ............ 100 lbs. 2.10

C au s tic , 7 6 % ....................... 100 lbs. 3.80
Sodium A c e ta te ....................................... lb . .06

B ic a rb o n a te  ........................ 100 lb s . 2.25
B ic h ro m a te  ....................................lb . .08
C h lo ra te  .......................................... lb . -07%
C yan ide  ...........................................lb. .20
F lu o rid e , te c h n ic a l ......................... lb. *.10%
H yposu lfite , bb ls .................100 lbs. 3.50
N it r a te ,  9 5 % .. . . ............... 100 lbs. 2.20
S ilic a te , 4 0 0 .....................................lb . .01%
S ulfide ............................................... Ib. .06
B isu lfite , p o w d ered ....................... lb . .06

S tro n tiu m  N i t r a t e .................................lb. .12
S ulfur, f lo w ers .............................100 lb s . 3.00

C rude .................................... lo n g  to n  20.00

Talc, A m e ric a n , w h i te ........................to n  18.00
Tin B ic h lo r id e ........................................... lb. .18

O xide ............................................... lb . .40

Zinc C hloride , U . S . P ....................... lb . .35
O xide, b b ls ........................................ lb , .09

O R G A N IC  C H E M IC A L S
A cetanilide ............................................. lb . *.27
Acid, A ce tic , 28 p . c ................. 100 lb s . 2.50

G lac ia l ....................................lb . .10
A ce ty lsa licy lic  .............................lb . *.60
B enzoic, U .S .P .,  e x - to lu e n e , .lb . .65
C arbo lic , c ry s t. ,  U .S .P .,  d r s .  . lb . 10
^  50- to  110-lb. t i n s ................. lb . .21
C itric , c ry s ta ls ,  b b ls ....................lb . *.45

A u g u s t 15 
.12% 
.01%
.19
.07%
.12
.07

18.00
22 .00

•03%
.03

*.07
*.06%

.08
•06%

•52.00
*-08%

30.00 
2.25

•05%
.27

28.75
.04

18.00 
5.62%

8.00
1.00

3.50 
.12 
.15 
.11% 
.09%

2.00
*1.40

.10
72.00 

*45.00

.30
1.50 

.11%
*.18

.05
*.08

.04%
*2.65

.10
*.25

25.00 
.42

12.00 
2.10 
3.80

.06 
2.25 

.08 
’ -07%

.20
*.10
3.50 
2.20

•01%
.06
.06
.12

3.00
20.00
18.00

.18

.40

.35

.09

*.28
2.50

.10
*.60

.65
.10
.21

*.45

A cid  (C oncluded)
A u g u s t 1 A u g u s t 15

O xalic , c ry s t . ,  b b ls .............. . . . l b . .17 .16%
P y ro g a llic , re s u b lim e d ., . , . . .lb . 1.75 1.75
S alicy lic , bu lk , U . S. P . . . . . . l b . *.20 *.19
T a r ta r ic ,  c ry s ta ls ,  U . S. P . . . l b . *.28 *.27
T rich lo ro ac e tic , U . S. P . . . . . l b . 4.40 4.40

A cetone, d ru m s .............................. •12% •12%
A lcohol, d e n a tu re d , co m p le te . . .g a l . ,37 .35

E th y l, 190 p ro o f ................... 4.75 4.75
A m yl A c e ta te ................................ 2.15 2.15
C am phor, J a p ,  r e f in e d .............. . . . l b . .77 .72
C arbon  B isu lfid e ......................... .. .06 .06

T e tra c h lo r id e  ....................... 10% . 10%
C h lo ro fo rm , U . S . P ......... . . . l b . *.38 *.38
C reosote , U . S . P .......................... . . . l b . .40 .40
C resol, U . S. P .............................. . . .lb . .17 .17
D e x tr in , c o r n ..............................100 lbs. 2.85 2.85

Im p o rte d  P o ta to ................... . . .lb . .07 .07
E th e r , U . S. P . ,  conc ., 100 lbs . . . l b . .16 .16
F o rm ald eh y d e  ................................ *.13 *.12%
G lycero l, d y n am ite , d ru m s . . . l b . .12% .13
M ethano l, p u re , b b ls ................... 1.25 1.25
P y r id in e  ........................................... 2.75 2.75
S ta rc h , c o r n ......................... 100 lbs. 2.28 2.28

P o ta to , J a p ............................ . . .lb . .05 .05
R ice  ........................................... .18 .18
S ago  ......................................... . . lb. .04% .04%

O IL S , W A X E S , E T C .
B eesw ax, p u re , w h i te ................ . lb. .40 .37
B la ck  M in e ra l O il, 29 g ra v i ty , . .g a l . .22 .22
C a s to r  O il, N o . 3 ....................... . . . l b . .08% .09
C eresin , y e llo w .............................. .10 .08%
C o rn  O il, c ru d e , ta n k s ,  m ills . . . . l b . •06% .06%
C ottonseed  Oil, c rude , f .o .b . m ill.lb . .06% .07
L in seed  O il, ra w  (c a r  l o t s ) . . . . .g a l . .78 .73
M enhaden  O il, c ru d e  (so u th ’n) .g a l . .30 .30
N e a t’s-foo t O il, 2 0 0 ..................... 1.00 1.00
P a ra ff in , 128-130 m . p ., r e f . . . . .  . lb . .06 .06
P a ra f f in  O il, h ig h  v is c o s i ty . . . •g a l. .45 .45
R o s in , “ F ”  G rade, 280 lb s ......... 5.40 5.40
R osin  O il, f ir s t  r u n ....................... .35 .35
S h e llac . T . N .................................... .52 .44
S p e rm a ce ti , c a k e ............................. .lb . .30 .30
S p e rm  O il, b leached  w in te r ,3 8 0 .g a l. 1.73 1.73
S te a r ic  A cid , d o u b le -p re ssed . . . . l b . .09% .09 '
T a llow , Oil, a c ld le ss ........................ .g a l. .65 .65
T a r  O il, d is ti l le d ............................ .60 .60
T u rp e n tin e , s p ir i t s  o f .................. .g a l . .59 .65

M E T A L S
A lu m in iu m , N o . 1, in g o ts ......... .. . .lb . .21 .21
A n tim o n y , o rd in a ry ................ 100 lbs. 4.87% 4.87%
B ism u th  ............................................. . .lb . 1.50 1.50
C opper, e le c tro ly tic ....................... . . l b . .12 .11%

L a k e  ........................................... , .  .lb . . 12% .12
L ead , N . Y........... ............................. . .lb . .04% .04%
N ick e l, e lec tro ly tic ......................... . . lb. .41 .41
P la t in u m , refined , s o f t ................ 72.00 72.00
Q u icksilver, fla sk ........... .75  lbs. ea . 46.00 45.00
S ilve r, fo re ig n ............. .................... .61 .61%
T in  ....................................................... .27 .27
T u n g s te n  W o lf ra m ite ............p e r u n i t 3.25 3.25
Z inc, N . Y \ .................................. 100 lbs. 4.50 4.50

F E R T IL IZ E R  M A T E R IA L S
A m m onium  S u lfa te , e x p o r t .  100 lbs. 2.15 2.15
B lood, d ried , f . o. b . N . Y ......... . u n i t 3.00 3.00
B one, 3 an d  50, g ro u n d , r a w . . . to n 30.00 30.00
C alc ium  C yanam ide , u n i t  o f A ra-

m o n ia  ........................................... .. 4.50 4.50
F ish  S c rap , dom estic , d ried , f. o. b .

w o r k s ............................................... .u n i t 2.90 & .10 2.90 & .10
P h o sp h a te  R ock, f . o. b. m in e :

F lo r id a  P ebb le , 68% ................ . to n 5.00 5.00
T ennessee , 78 -80% ......... 8.00 8.00

P o ta s s iu m  M u ria te , 8 0 % ........... ..u n i t .90 .90
P y r ite s , fu rn a c e  size , im p’te d . .u n i t .14 .14
T a n k ag e , h ig h -g ra d e , f .  o. b .

C h icago  ........................................... u n i t 2.25 & .10 2.25 & .IP

* R esale  o r  Im p o rte d  (n o t a n  A m e ric a n  M a k e r 's  p r ic e ) .
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C O A L -T A R  C H E M IC A L S A cid  C o lo rs  (C oncluded)

C rudes A u g u s t 1 A u g u s t 15 A ugust 1 
1.50

A ugust 1 
1.50

A n th ra c e n e , £0-S5%  ................... . lb. .75 .75 . .lb . 2.00 2.00
B enzone, p u re  ................................ .g a l . .27 .27 O ra n g e  I I I ............................................ . . l b . .50 .50
C resol, U . S . P .............................. . ,1b. .18 .17 R ed ........................................................ . . l b . 1.00 1.00
C resy lic  A cid , 9 7 -9 9 % .............. .. .g a l . .90 .80 V io le t 10 B .......................................... . .lb . 6.50 6.50

N a p h th a le n e , flake ....................... lb .07 .07 A lk a li B lue , d o m e s tic ................ . . l b . 6.00 6.00
P h e n o l, d ru m s  ................................ , , lb. .10 .10 I m p o r t e d ..................................... . .lb . 8.00 8.00
T oluene, p u re  ................................. .28 .28 A zo C a rm in e  ..................... ............. . . l b . 4.00 4.00

.45
2.00 2.00

X ylene , 2 deg . d is t. r a n g e .........
In te rm e d ia te s

.g a l . .60 B ry th ro s in  ..........................................
In d ig o tin , c o n c ...................................

7.50
2.50

7.50
2.50

A c id s : P a s te  ............................................ . . l b . 1.50 1.50

1.50
. . lb . 1.60 1.60

A n th ra n i l ic  ............................ . ,1b. 1.50 1.00 1.00
B enzo ic te c h ............................ . .lb . .50 .50 . . l b . .70 .70
B ro e n n e r’s .............................. . .lb . 1.55 1.55
C leve’s ....................................... . .lb . 1.30 1.30
G am m a ..................................... . ,1b. 3.00 3.00 D ire c t C olors
H ....................................................... lb 1.15 1.15 B lack  ..................................................... .70 .70
M e ta n ilic  ................................ ,1b 1.60 1.60 B lue 2 B ................................................. .60 .60
M o nosu lfon ic  F ..................... . .11). 2.75 2.75 B ro w n  R .............................................. . .lb . .85 .85
N a p h th io n ic , c ru d e  . . . . . . . . ,1b. .70 .70 F a s t  R e d .............................................. . .lb . 2.35 2.35
N ev ile  & W ia th e r ’s ............ .lb . 1.40 1.40 Y ellow  ................................................... . . l b . 1.50 1.50
P h th a l ic  ..................................... ,1b. .40 .40 V io le t, c o n c .......................................... . . lb . 1.10 1.10
P ic r ic  .......................................... . l b , .30 .30 C h ry so p h en in e , d o m e s tic .............. . .lb . 2.00 2.00
S u lfa n i lic  ................................ .29 .27 C ongo R ed , 4B T y p e ....................... . . l b . .90 .90
T o b ia s ’ ........................................ . .lb . 2.00 2.00 P r im u l in e , d o m e s t i c ........................ . .lb . 3.00 3.00

A m in o azo b en zen e  .......................... . . lb . 1.15 1.15
A n ilin e  O il ........................................ ,1b. .18 .18

F o r  R e d ....................................... .42 .42 O il C olors
A n ilin e  S a l t ....................................... lb, .26 .26 B lack  ................................................... .70 .70
A n th ra q u in o n e  ................................ 1.75 1.75 B lue ........................................................ 1.25 1.25

B a y e r 's  S a l t ....................................... . . lb . 1.00 1.00 O ra n g e  ................................................. .95 .95

B enza ldehyde , t e c h ......................... lb .50 .50 R ed  I I I ................................................... . . l b . 1.65 1.65
U . S. P ....................................... , . lb. 1.50 1.50 S c a r le t  ................................................... . . l b . 1.00 1.00

B en z id in e  (B ase) ............................ lb. 1.00 1.00 Y ellow  ................................................... 1.25 1.25
B en z id in e  S u l f a t e ............................ . .lb . .75 .75 N ig ro s in e  O il, s o lu b le ................... .90 .90

D iam in o p h en o l ................................ . .lb . 5.50 5.50
D ia n i s i d in e .......................................... lb 5.00 5.00
p -D ich lo ro b en zen e  ......................... .lb . .15 .15 S u lfu r  C olors
D ie th y la n i lin e  ................................... . .lb . 1.40 1.40 B lack  ..................................................... . .lb . .20 .20
D im e th y la n ilin e  .............................. . .lb . .45 .45 B lue , d o m e s t i c ................................... .70 .70

D in itro b e n z e n e  .............................. .. . .lb , .25 .25 B ro w n  ................................................... . . l b . .35 .35

D in itro to lu e n e  ................................... . .lb . .25 .25 G reen  ..................................................... . .lb . 1.00 1.00
D ip h ? n y la m in e  ................................ lb, .65 .65 Y ellow  ................................................... . .lb . .90 .90

G S a lt  ................................................... lb. .70 .70

H y d ro q u in o l ........................................ lb, 1.50 1.50 C hrom e C olors
M etol (R hodo l) ................................ lb 3.00 3.00 A liz a r in  B lue , b r ig h t ..................... 5.00 5.00
M onoch lo robenzene ....................... , lb. .14 .14 A liz a r in  R ed , 20%  p a s t e .............. . . l b . .60 .60
M o n o e th y lan ilin e  ............................ lb. 2.00 2.00 A liz a r in  Y ellow  G ............................ . . l b . .85 .85

a -N a p h th y la m in e  ............................ . .lb . .38 .38 C hrom e B la ck , d o m e s t ic .............. . .  lb. .75 .75

b -N a p h th y la m in e  (S u b lim e d ) . . . . l b . 2.25 2.25 C hrom e B lue  ..................................... . . lb . .75 .75

b -N a p h th o l, d i s t ................................. . . lb. .32 .32 C h ro m e G reen , d o m e s t ic .............. . . l b . 1.50 1.50

m -N itro a n il in e  ................................ ,1b. .95 .95 C hrom e R ed  ..................................... . . l b . 1.75 1.75

p -N itro a n ilin e  ................................... lb, .80 .80 G a llo cy an in  ....................................... . .lb . 2.30 2.30

N itro b e n z e n e , c r u d e ....................... . . lb. .12 .12
R ec tified  (O il M irb an e )  . . . . .lb . .13*% .13%

p -N itro p h e n o l ................................... lb. .75 .75 B asic  C olors
p -N itro s o d im e th y la n il in e  ............ , .lb . 2.90 2.90 A u ra m in e , O, d o m e s tic ................... . . l b . 2.25 2.25
o - N i t r o t o lu e n e ................................... . .  lb. .15 .15 A u ra m in e , O O ................................... 4.15 4.15
p -N itro to lu e n e  ................................. . .lb . .85 .85 B ism a rck  B row n  R ....................... . . l b . .70 .70
m -P h e n y le n e d ia m in e  ..................... lb. 1.15 1.15 B ism a rc k  B ro w n  G .......................... . . l b . 1.00 1.00
p -P h e n y le n e d ia m in e  ..................... . ,1b. 1.70 1.70 . . l b . .75 .75
P h th a l ic  A n h y d r id e ....................... .,1b . .40 .40 . . l b . .75 .75
P r im u l in e  (B ase) ............................ . .lb . 3.00 3.00 G reen  C ry s ta ls , B r i l l i a n t ............ . . l b . 3.50 3.50
R  S a lt  ................................................... lb. .65 .60 .45 .45
R eso rc in o l, te c h ............................

U . S . P ..........................................
. , lb, 
. . l b .

1.50
1.75

1.50
1.75 F u ch s in  C ry s ta ls ,  d o m e s t ic ......... . . l b . 3.00 3.00

lb, 70 .70 M a g e n ta  A cid , d o m e s t ic ................ . . l b . 2.00 2.00
S od ium  N a p h th io n a te  ................... lb, 70 .70 M a la c h ite  G reen , c r y s ta ls ............ . .lb . 2.00

.lb . .42
1.50

T h io c a rb a n ilid e  ................................. .42 M ethy l V io le t 3 B ............................ . . l b . 1.75 1.75
T o lid in e  (B ase) ................................. 1.40 1.40 N ig ro s in e , s p ts .  s o l .......................... . . l b . .70 .70
T o lu id in b , m i x e d .............................. .45 .45 . . l b . .60 .60
o-To’.u i d i n e .......................................... .25 .25 J e t  ................................................. . . l b . .90 .90

lb 1.25 1.25
. . l b . 7.00

10.00m -T o lu y le n ed iam in e  ..................... . .lb . 1.15 1.15 P h o sp h in e  G ., d o m e s t ic ................. 7.00

lb, .45
R h o d am in e  B, e x t r a  c o n c ............ 10.00

X ylid ine , c r u d e ................................. .45
. . l b . 5.40 5.40V ic to r ia  B lue , b a se , d o m e s t ic ..

C O A L -T A R C O L O R S V ic to r ia  G reen  ................................. . . l b . 2.50 2.50

A cid C olors A u g u s t 1 A u g u s t 15 V ic to r ia  R ed  ..................................... . . l b . 7.00 7.00

B lack  . . .......................................... .80 .80 V ic to r ia  Y ellow  .............................. . . l b . 7.00 7.00


