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INTERNATIONAL CONGRLS5 OF APPLIED CHEMISTRY
The quest of knowledge has alw ays developed 

friendships among men of different countries, and the 
m utual interest which exists among scientists has 
given rise to stronger bonds of cooperation than those 
produced b y  even the languages or political policies. 
In  the last th irty  years a m ovem ent, the direct result 
of the progress which the nineteenth century made in 
science, unparalleled in the history of the world, has 
eventuated in the organization of various International 
Congresses. This m ovem ent, really an endeavor to 
ascertain the m ost practical and efficient m ethods of 
scientific procedure, has fostered a uniform m ental 
attitude which seems to have developed rapidly 
throughout the civilized world, and an intellectual 
union has been the consequence. . The natural de
velopm ent of these organizations constitutes in itself 
a guarantee of solidity and efficacy.

W i l l ia m  H .  N i c h o l s , P r e s i d e n t .

There is to-day no German chem istry, no Russian 
chem istry, no Japanese chem istry, no Am erican 
chem istry; there is one Universal chem istry, and in 
this respect our science differs from sciences in which 
the spirit is strictly  national, as botany, seismology, 
etc. The psychology of the Orient and L evan t m ay 
differ m aterially from th at of the Occident, owing to 
the intellectual and moral differences in the peoples; 
but the chem istry of India and th at of the U nited 
States are identical, because th ey are based upon 
uniform natural laws.

To the chem ist belongs the honor of having first 
effected this great International m ovem ent— the 
convention of scientific men of varied nationalities. 
The initial international congress of chem istry was 
held at Carlsruhe in i860; the m eeting was attended

b y  140 chem ists from all parts of Europe and lasted 
3 days. A t the E igh th  International Congress of 
Applied Chem istry, 2500 chem ists were present and 
the proceedings were of ten d ays’ duration. The pur
pose of the Carlsruhe congress was the establishm ent 
of an international nom enclature. A lthough this 
congress was a success, y e t more than a quarter 
century elapsed before the realization of the necessity 
of a sim ilar convention was expressed. From  1889 on, 
the periods passing between the congresses of chem istry 
were of much shorter duration, thus, 1893, 1894, 
1896, 1898, 1900, 1903, 1906, 1909, and 1912.

The first International Congress of Applied Chem
istry was held at Brussels in 1894, and was' the out
come of a suggestion of D octor H. W . W iley. This 
Congress was divided into four sections, viz., sugar 
chem istry, agricultural chem istry, food and public 
hygiene, and biological chem istry. The Second In ter
national Congress of Applied Chem istry convened in 
Paris in 1896. Com m ittees had been organized in 
various countries, and through the French Foreign 
Office all the principal governm ents were invited to 
send delegates; nearly 2,000 members were present, 
and the necessity of a close alliance between pure and 
applied science w as shown. The Third International 
Congress of Applied Chem istry, held in Vienna in 
1898, was divided into tw elve sections; one of the 
principal questions before this Congress was the 
adoption of uniform methods of analysis for com 
mercial products and raw  m aterials. The Fourth  
Congress was held in Paris in 1900 at the tim e of the 
Grand E xposition; the w ork was divided into ten 
sections. A t the Fifth  Congress, in Berlin, 1903, of 
which there were 2,533 members representing 38 
countries, about 500 papers were presented for dis
cussion. Several German-societies held their meetings 
in conjunction w ith this Congress, which was the most 
im portant and successful of all held up to th at time. 
The Sixth International Congress of Applied Chemis
try  (Rome, 1906) w as divided into eleven sections; 
the members num bered 2,375 and 658 papers were 
presented. The Seventh Congress (London, 1909), of 
which there were 4,100 members, was a w orth y suc
cessor to the six preceding; 985 papers were presented 
in eleven sections and six subsections, and several 
innovations were arranged and carried out. A  charac
teristic feature of the London Congress w as the ex
tension of the idea of the establishm ent of International 
commissions to recommend uniform standards of 
m aterials and m ethods of determ ining them.

The E ighth  International Congress of Applied 
Chem istry, the m ost brilliant assemblage of men 
eminent in pure and applied chem istry ever brought 
together on this continent and a w orthy successor of 
the preceding Congresses, officially closed its sessions 
on Septem ber 13, 1912, after ten days of scientific 
and social enjoym ent— days w hich were replete w ith 
opportunities for affording direct interchange of 
view s and during w hich Am ericans had the great
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satisfaction of p laying the part of host to those chem 
ists who gathered from  all parts of the civilized world.

This Congress, of which there were 4500 members, 
2500 of whom  attended the N ew Y o rk  sectional ses
sions, had been an enormous undertaking and the 
immense am ount of w ork which its preparation en
tailed devolved largely upon the President, Secretary 
and E xecu tive  Com mittee. I t  is to the President, 
Dr. W . H. Nichols, and to the Secretary, Dr. B. C. 
Hesse, however, th at the greatest am ount of credit 
is due for the splendid organization, elaborate ar
rangements and successful adm inistration of the 
plans.

The E igh th  Congress had been repeatedly brought 
to the attention of the chem ical world during the past 
three years, and the plans of the organizers, both 
tentative and final, had been distributed throughout 
the world in a most thorough manner. The various 
Com mittees in charge of the m any arrangements 
necessary did their work system atically, and earnest 
cooperation early m arked the developm ent of the 
m any fixed rules and novel ideas introduced. I t  was 
only to be expected, therefore, th at the Congress would 
have a num ber of features. One of the most im portant 
and valuable of these w as th at the bulk of the ac
cepted papers was printed in advance in tw enty-four 
carefully prepared, well-printed volum es, each de
voted to a section. In this m anner the greater am ount 
of the papers presented were available for perusal and 
criticism  prior to the sectional session openings, and

E d w a r d  W . M o r l b y , H o n o r a r y  P r e s i d e n t .

this arrangem ent not only encouraged attendance but 
also provided for more thorough discussion.

I t  has been said th at the consciousness of a d uty 
performed gives music a t m idnight, and it is agreed 
b y  all that the men and women who have worked and 
cooperated to m ake this Congress a success are entitled

B e r n h a r d  C. H e s s e , S e c r e t a r y .

Congress of Applied Chem istry took place a t Memorial 
Continental Hall, W ashington, D. C., on Septem ber 
4, 1912, a t 11.00 a . m . The Patron, President W . H. 
T aft, was unable to open the Congress personally on 
account of a sprained ankle, although he had~ made 
the trip from his summer home in B everly, Mass., 
for the purpose; his regrets were presented b y  the 
President of the Congress, Dr. W illiam  H. Nichols. 
Dr. Nichols introduced the H onorary President, Dr.
E. W . Morley, who made the following address;

“ The E igh th  International Congress of Applied 
Chem istry, assembled according to the invitation of 
the President of the United States of Am erica, and b y  
the authority of the Congress of the United States, 
desires to express its gratitude for this invitation, and 
further, its especial gratitude for, and high appreciation 
of, the honor done us, Mr. President, b y  you r consent 
to open the deliberations of this Congress.

“ It  is m y privilege, fellow members of the Congress, 
to express to you  the cordial welcome w ith which the 
chemists of- the U nited States receive you to their 
country. This cordial welcom e we g lad ly  offer to 
visiting chem ists from every country of the whole 
world. Moreover, both the representatives in this 
country of applied chem istry, and also the lovers and 
followers of pure chem istry, take a special pleasure in 
welcoming chem ists from the four nations whose 
languages are the official languages of this Congress. 
I t  was among these nations that, something like a

to unbounded credit and all the peace of mind w hich 
goes w ith a w ork well done. The success of the 
E ighth  International Congress is a crowning event 
in the history of Applied Chem istry in Am erica.

THE INAUGURAL MEETING AT WASHINGTON.

The official opening of the E ighth  International
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cen tury ago, chem istry as we now understand it had 
its origin. Lavoisier established an anti-phlogistic 
chem istry, D alton founded the atom ic theory, Liebig 
furnished organic chem istry w ith methods, and 
A vogadro helped us to an insight into m olecular 
,weights. During the century since these magnificent 
beginnings, the progress of chem istry in these four 
nations has been well w orthy of the beginnings.

" A t  the time of these brilliant beginnings the U nited 
States of Am erica were b u t just become an indepen
dent nation. The work of the hour on this continent 
was to organize the mechanism of civilization in the 
wilderness which then covered much of our area. 
Pure chem istry had to w ait while roads and bridges 
were built and the forest was cleared. Our studies 
and energies had to be expended upon the difficult 
problems of conducting a popular governm ent— prob
lems which we are optim istic enough to regard as not 
incapable of solution. The organization of universities 
b y  private in itiative and expense, and the organization 
of elem entary schools at public expense over alm ost half 
a continent, diverted able men from research in pure 
science. The necessities of mine and furnace and factory 
led men who m ight have stood high as investigators, to 
use their energy and insight in applying chem istry to in
dustry, and adding to the w ealth of the country and 
the com forts of life.

“ Accordingly, the chem ists of this country are de
lighted to welcome chem ists from the nations who 
have been our masters and teachers in pure chem istry. 
The debt which we owe to the chem ists of these nations 
is incapable of repaym ent. B u t if any courtesies which 
we can show you, any provision for the pleasure of 
your visit which we can make, any solicitude for the 
success of your deliberations w hich we can feel, 
should, suggest th at such repaym ent would be to us 
a privilege and a pleasure, and a great delight, we 
should but feebly express the warm th of the welcome 
w ith which we receive you  to the sessions of the 
E ighth  International Congress of Applied Chem istry.”

President Nichols then made his form al address of 
welcome, w hich follows in full:

“ On behalf of the great arm y of Am erican chemists, 
more than six thousand in number, and representing 
all branches of the profession, and in the name of the 
great industrial organizations depending on their 
services, and also of the Universities, Colleges and 
Technical Schools, where m any are devoting their 
lives to instruction, it is m y privilege also to extend 
a hearty welcome to our guests from all the corners 
of the earth.

“ W e are gathered together to compare notes and 
to add to w hat has been done before, thus contributing 
to the great structure of the future som ething of 
perhaps v ita l im portance to its grow th and sym m etry. 
W e realize th at this is an age of cooperation rather 
than of destructive com petition, and we therefore 
unite our efforts th at the resultant m ay be w orthy 
of us. W e are here to give, th at we m ay receive, and 
thus pass on to the world something more than our 
isolated efforts could m ake possible. The alchemist 
of the middle ages worked alone, seeking the philoso

pher’s stone, or perhaps the elixir of life, va in ly  hoping 
to transm ute baser things into gold, or indefinitely 
prolong the joys of youth . W e w ork together, and 
much has come to pass in the transm utation not of 
the elements, it is true, but of useless into useful things, 
and much has been accomplished in the betterm ent 
of the whole span of life. It  is true we cannot see the 
goal and cannot even im agine w hat it w ill be when 
discovered in the distant future, but we are trying 
to do our share of the onward work, so th at those who 
succeed us will be better prepared to tak e  their part 
because of w hat we have done.

“ Cooperation such as ours becomes not only a delight 
but a moral quality. To this sym posium  we, of the 
new world, cordially welcome those who from other 
lands and other experiences come to add their assist
ance and sym pathy.

“ To this word of welcom e to our guests I am sure 
you  would have me add one of appreciation of our 
Chairman, President T aft, who has torn himself aw ay 
from  a well earned and needed rest to come here to 
preside a t this opening m eeting of our Congress— a 
w orthy successor of the kings and princes who have 
sim ilarly honored those which preceded it. W hile 
his genial nature leads him to do this freely, we none 
the less appreciate th at the chem ists of the ‘ world, 
w hether present w ith us or not, are under obligations 
to him w hich th ey can never repay. I am  sure th at I 
speak for you all when I tender to him our united 
thanks for the honor he has conferred upon us and on 
the science which we love.

“ Since our last Congress, held in London in 1909, 
no past officials of the congresses have died. Sir 
H enry Roscoe, Hon. President of the Seventh Con
gress, has m et w ith great affliction in the loss of his 
dear wife, but w ith th at exception death has not 
entered into the homes of those who have presided 
over former congresses. W e extend to him to-day our 
heartfelt sym pathy, added to our regret th at advan c
ing age has prevented him from  being present w ith 
us to-day. I am sure he is w ith us in the spirit.

“ The President of the F ifth  or Berlin Congress, 
Prof. O tto N. W itt, of Charlottenburg, has also been 
prevented from  attending. I am  sure th at any one 
who has m et him, or who has known of his great 
works, will join me in the expression of deepest regret 
th at one of the most brilliant lights of the chem ical 
world cannot be w ith us. Those of you  who had 
the good fortune to hear his scholarly address at the 
Seventh Congress will, to some extent, appreciate 
w hat he could have added to this Congress had he 
been present.

“ Prof. Em anuele Paterno, President of the Sixth 
or Rom an Congress, finds himself a t the last moment 
unable to attend. Up to a few  days ago I felt sure 
of his presence, and was therefore all the more disap
pointed a t his change of plans. W e shall miss him 
greatly, although there are w orthy representatives 
of his country here.

“ W e are very  fortunate in having w ith us Professor 
Lindet, President of the Second Congress; Sir W illiam  
R am say, President of the Seventh Congress; and Dr.
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Friedrich Strohmer, of the Vienna Congress. These, 
w ith  those I have named, are the only living members 
of the International Commission of Congresses of 
A pplied Chem istry, and we are happy to welcome 
them  and to know  th at we are to have the benefit of 
their great wisdom and experience during the conduct 
of the affairs of this Congress.

“ I am  pleased to report th at a very  large proportion 
of the original com munications to this Congress has 
already been printed and bound, tw enty-four volumes 
in all, and will be distributed to members on registration

been perfected to make them available forlargenum bers.
“ The past fifty  years have seen marvelous im prove

ments in all branches of science. This is not the time 
or place to discuss details, but I feel justified in saying 
th at the science of chem istry during the great evolu
tionary period has not been outstripped b y  an y of the 
others. W hile its w ork has been more quiet, and has 
not been so obvious to the general public, it has been 
none the less of supreme importance. I believe it is 
gradually being realized th at the world of the future 
will depend more upon the science of chem istry than

at Colum bia U niversity on their return to N ew  Y ork. 
I th ink this is w orthy of mention, as I believe it is a 
result which has never been accomplished before, and 
which could not have been accomplished now but for 
the magnificent and untiring w ork of our Secretary, 
and the cooperation w ith him of the officers and mem
bers of the Sectional Committees and the Committee 
on Papers and Publications. It  is hoped th at w ith 
these transactions in hand the discussions of the papers 
will be of great value. Thanks to the effective assist
ance of Mr. Edison and his staff, arrangem ents have 
been made to record these discussions on the phono
graph in the official language em ployed, and this in 
itself will represent an added n ovelty  in our Congress, 
and, at the same time, insure an accurate report.

“ W e are also fortunate in having some of the fore
most chemists of Europe as lecturers on subjects of 
great im portance; and, anticipating the public interest 
which these lectures will arouse, arrangem ents have

upon an y other, and m ay even have to look to it for 
its continued life. As its mines become more and 
more exhausted, and its lands more and more depleted 
of power to grow crops, it must turn to chem istry for 
instruction as to prevention of wastes and uses of 
power and m aterials, which, w ithout its m inistrations 
would be useless.

“ W ith this thought in our minds we welcome w ith 
more than ordinary cordiality our foreign guests—  
some of them from the antipodes. W e invite them  to 
aid us in the solution of the great physical problems 
which confront us as a nation. W e have had, and 
still possess, magnificent natural resources; we have 
perhaps done w ith them  the best th at we could, but 
we are becom ing more and more alive to the fact that 
the problems are vast and com plex. These natural 
resources m ust be exploited, but I conceive it to be of 
much more im portance that they be intelligently 
conserved. The assistance of those who have of

S i r  W il l ia m  R a m s a y .

A CO NG RESS G R O U P. 
D r . R u d o l p h  M e s s e l .

P h o t o  b y  Harris &  Ewing. 

P r e s .  W .  H .  N i c h o l s .



7io T H E  J O U R N A L  O F  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 .  Oct.,  1912

necessity had these problems in conservation alw ays 
before them will be doubly welcomed b y  us who have 
been so prodigal in the expenditure of our great wealth.

“ The developm ent of our country has been extrem ely 
rapid, but the thoughtful ones among us realize that 
the tim e is a t hand when lavish expenditure m ust be 
succeeded b y  prudent conservation in order th at we 
m ay not only pass down to posterity a record of won
derful evolution, but insure th at we have not robbed 
our children’s children of the m aterials necessary for 
their own progress.

“ W ith  these ideas we will proceed to our labors at 
N ew Y o rk  w ith light hearts, believing th at great good 
will come to our country and to the world as a result 
of those labors, not only in the immediate future, but 
more particularly in the more distant future which 
it is our bounden d u ty  to carefully and religiously 
protect.”

A fter President N ichols’ address followed the official 
responses of the representatives of various countries: 
Prof. Dr. R udolf W egschneider spoke for A ustria, 
Prof. L. Lindet for France, Prof. Dr. von B uchka for 
Germ any, Sir W illiam  R am say for Great Britain, Dr. 
Jokichiro Lem ori for Japan, Commanditore Giacomo 
Ciamician for Ita ly , Prof. Paul W alden for Russia, 
and Dr. Samuel E yde for the other countries. F o l
lowing these addresses, two resolutions were presented. 
Dr. H. W . W iley presented a resolution of thanks to 
the D. A . R . for their permission to use the Continental 
H all; Dr. D. T . D ay m oved th at one copy of the 
official Congress badge be struck in pure gold, for 
presentation to the President, Dr. Nichols.

In the afternoon of Septem ber 4, there was a re
ception a t the W hite House, and the delegates and 
their w ives repaired thereto in large numbers, as
sembling in the E ast Room, where, after being intro
duced to the visitors, President T aft, seated in a w icker 
chair, said:

“  Ladies and Gentlem en of the International Congress 
of Applied Chem istry:

“ I have much pleasure in welcom ing you, on behalf 
of the Governm ent and people of the United States, 
to W ashington. I sincerely hope th at you r sta y  in 
this Capital m ay be an agreeable one.

“ Y ou rs is one of those im portant International 
Congresses th at m ark the great progress which has 
been made in research and application of new ly 
discovered principles in a most im portant science and 
art. If there be any science th at goes to the heart 
of the m atter, it is chem istry. Dealing w ith  atom s 
and molecules and their association, and the mani
festations of their action upon each other, chem istry 
seems at one tim e the m ost abstruse of sciences, and 
then when we see it applied in the great modern 
factories in the m anufacture of those elements which 
are essential to the success of the industrial arts, we 
are made to know  th at the extent of the science from 
the theoretical to the practical is wider than th at of 
any other.

“ I observe th at in your various divisions you discuss 
m any different questions not peculiarly chemical. I 
note a consideration of the question of patents, w hat

patents ought to include, and w hat kind of a patent 
system  ought to be adopted b y  each Government. 
Patents have played a very  great part in the develop
m ent of the United States, and we have given to 
patentees a very  valuable m onopoly for the purpose 
of discovering b y  their industries, new m ethods of 
accom plishing useful results. W hether we have made 
this m onopoly too great or not is now the subject of 
consideration b y  a Commission provided for b y  Con
gress. There is certain ly great room for im provem ent 
in the m achinery of our P aten t Office, and it would 
be well if more value could inhere in the issuing of a 
patent as an evidence of real property. Now, however, 
until a patent has been fought through the courts, 
people do not seem to regard it as of a great deal of 
m onopoly value.

“ I m ay add th at one of the great opportunities for 
reform, in m y judgm ent, is in the shortening of patent 
litigation and the reducing of its expenditure. I 
know  very  little about chem istry, but I know  a good 
deal about patent litigation. I know  that the am ount 
of m oney that has been unnecessarily wasted, and the 
inequality th at has been produced between the rich 
litigant and the poor litigant, b y  reason of the un
necessary expense of th at litigation, is one of the things 
th at calls for rem edy and im m ediate rem edy. It  is 
not essential th at we should m ake a record of 10,000 
printed pages at $50 a d ay  for experts and $100 a day 
for patent lawyers. I have no objection to experts; 
I have no objection to patent law yers: but I think we 
can have too much of both of them. W hat ought 
to happen is th at the expert should be called into 
open court, should there be exam ined on the principal 
points of the case, and then dismissed, and not have 
th at interm inable system  of records, which every 
Judge who has had an y experience in respect to patent 
law  m ust condemn, on the one hand, because of its 
uselessness, and on the other hand because of its e x 
pense. Y o u  observe th at I am willing to make a 
diversion in the direction of which I know  something. 
B u t it is not for me to discuss a subject th at is only 
d istan tly  related to the main purpose of your coming.

“ I regret exceedingly th at the w eather is such as not 
to perm it you to enjoy the beautiful grounds of the 
W hite House as fu lly  as you could on a sunny day.
I have come a long distance to meet you, in order to  
emphasize as much as I can the im portance which the 
Am erican Governm ent and the Am erican people 
attach  to your deliberations and the subject m atter 
of your consideration, and the an xiety  and concern 
they have in prom oting every International Congress 
which makes, as this does, for ‘team -w ork’ in the 
w orld’s progress.”

Upon the conclusion of this address, the p arty  
adjourned to the W hite House grounds, where the 
members were received b y  Mr. T aft, the introduction 
being made b y  Major Rhoads. This lawn p arty  was 
a very  pleasant affair and lasted from 5.00 to 6.30 p . m . 

The Marine Band, under the direction of Lieut. Santel- 
mann, and assisted b y  Miss Agnes Hope Pillsbury at 
the piano, gave a most excellent musical program m e. 
Refreshm ents were served in special tents, and th e
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terraces were crowded w ith friends and guests a t
tending the Congress.

There were various private dinners in the evening, 
notably a “ chem istry dinner” at the R aleigh b y  Dr. 
H. W . W iley, but the principal social function was a 
reception b y  the R egents and Secretary of the Sm ith
sonian Institution, held at the New N ational Museum. 
The latter, w ith its wealth of collections, including 
paintings, added interest to the function, which was 
in every  respect a brilliant success. The Marine 
Band furnished a musical programme to w hich Mrs. 
Bertha Lincoln Iieustis contributed a num ber of vocal 
selections. Dancing followed, in which the younger 
element participated.

work being greatly  facilitated b y  having everything 
on one floor and in one room. Appropriate booths, 
properly numbered and named, were provided for 
registration, for general inform ation in the four official 
languages, for United States branch post office, tele
graph and telephone offices, railroad inform ation 
bureaus, treasurer’s office, factory  inspection bureau, 
facilities for distributing printed proceedings, check
room, express office, stenographers, etc. Official 
marshals were on hand to act as interpreters and assist 
the foreign members in registering and arranging their 
residence while at the Congress. The Columbia 
U niversity D orm itory facilities were placed at the 
disposal of the visiting members b y  the Trustees, and

E N T R A N C E  TO COLUM BIA U N IV E R S IT Y  G R O U N D S.

The following day m any of the visitors went on a 
sight-seeing tour of W ashington, and visits were paid 
to the various Governm ent buildings and bureaus. In 
the evening of Septem ber 5, the W ashington visitors left 
for New Y o rk  to continue the formal work of the Congress.

THE NEW YO R K  MEETING.

The form al opening of the Congress in W ashington 
was followed b y  the final registration and organization 
in New Y o rk  C ity  on Septem ber 6th. The work was 
centralized in the buildings at Columbia U niversity 
on Morningside H eights, and at the College of the C ity 
of N ew  Y o rk  on W ashington H eights. The G ym na
sium in U niversity H all, the central building in the 
Columbia group, w as converted into a series of offices 
for the adm inistration of the Congress business, the

the students dining room in U niversity H all was 
opened up to accomm odate the visitors. Each section 
of the Congress was assigned a commodious meeting 
room in some of the buildings of the U niversity gro u p ; 
the International public lectures, organ recitals and 
general meetings were held in the Great H all at the 
College of the C ity  of New Y ork.

A  daily Journal was published and distributed b y  
the Congress and every detail of the adm inistrative 
feature was carefully worked out for the com fort and 
convenience of the visiting members. The hospitality 
of the two great educational centers in N ew  Y o rk —  
Columbia U niversity and the College of the C ity  of 
New York-— contributed in a great measure to the 
success of this undertaking.
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THE INTERNATIONAL LECTURES.

The im portant lectures which followed the sectional 
meetings on September 6, 9, 10, and n ,  and which 
were open to the public, were delivered in the Great 
H all of the College of the C ity of New Y ork, b y  eminent 
members of the chemical profession from each nation 
represented in the four official languages, French, 
German, Italian, and English.

M. G a b r i e l  B e r t r a n d , Professor of Biological 
Chemistry at the Sorbonne and the Pasteur Institute, 
Paris, France: “ T h e  P a r t  P l a y e d  b y  I n f i n i t e l y  

S m a l l  Q u a n t i t i e s  o f  C h e m i c a l s  i n  B i o l o g i c a l  

C h e m i s t r y . ”  This lecture was delivered on Septem 
ber 6th in French, and embodied a scholarly sum m ary 
of the results of years of study and experim ental 
research conducted b y  the speaker.

G e h e i m e r  R e g i e r u n g s r a t  P r o f . D r . C .  D u i s b e r g , 

Managing Director 0} the Farbenfabriken of Elberfeld, 
Germany: “ T h e  L a t e s t  A c h i e v e m e n t s  a n d  P r o b 

l e m s  o f  t h e  C h e m i c a l  I n d u s t r y . ”  This lecture, 
delivered in German, was illustrated b y  lantern slides 
and extensive exhibits; it dealt most im pressively 
and eloquently w ith the enormous strides which 
Germ any has taken in the developm ent of certain 
chemical industries, and was highly enjoyed b y  an 
audience of about 1 5 0 0  persons. A  full translation of 
Prof. D uisberg’s lecture appears in this issue of T h i s  

J o u r n a l .

P r o f e s s o r  W i l l i a m  H e n r y  P e r k i n , of M an
chester, England: “ T h e  P e r m a n e n t  F i r e p r o o f i n g  

o f  C o t t o n  G o o d s . ”  Professor Perkin, who spoke, 
of course, in English, illustrated very  forcibly the 
research chem ist’s services to the cause of hum anity; 
his lecture which will be published in the next issue of 
T h i s  J o u r n a l  pertained to his discovery of a process 
for the perm anent fireproofing of all kinds of cotton 
goods, and included a practical dem onstration of its 
success.

P r o f e s s o r  G i a c o m o  C i a m i c i a n , of Bologna, Italy: 
“ T h e  P h o t o c h e m i s t r y  o f  t h e  F u t u r e . ”  This lec
ture, delivered in Italian, was of great practical im
portance on account of the suggestions it contained 
in regard to the better utilization of radiant energy.

All of the above general lectures, which were com 
prehensive and of great interest, were preceded b y  
organ recitals and every facility  had been provided b y  
The Honorable Board of Trustees, President J. G. 
Finley, Professor Charles Baskerville, and Dr. W . L. 
Estabrooke of the College of •the C ity  of New Y ork  
for the convenience of the lecturers and the reception 
of the audience. Each of the lectures was followed by 
a tea served on the College campus.

THE SECTIONAL ADDRESSES.

One of the interesting features of the Eighth Congress 
was the holding of joint sessions of various sections; 
at several of these joint meetings symposiums were 
held, while a t three, im portant addresses were deliv
ered by distinguished chemists.

D o c t o r  S a m u e l  E y d e , the eminent chemical engineer 
of Kristiania, N orway, addressed the joint meeting of

the Sections on Inorganic Chem istry, Physical Chemis
try , Electrochem istry, and Agricultural Chem istry, 
on Septem ber 7th in the Auditorium  of the Am erican 
Museum of N atural H istory. His subject was “ T h e  

O x i d a t i o n  o f  A t m o s p h e r i c  N i t r o g e n  a n d  D e v e l o p 

m e n t  o f  R e s u l t i n g  I n d u s t r i e s  i n  N o r w a y . ”  This 
meeting was attended b y  the most prominent chem ists 
a t the Congress, as well as b y  m any m anufacturers 
and engineers, and will alw ays be remembered b y  
those present. A n extended abstract of the address 
b y  D r .  E yde appears in this issue.

H e r r  H o f r a t  P r o f . D r . H e i n r i c h  A u g u s t

B e r n t h s e n , Managing Director of the Badische A n ilin  
und Soda-Fabrik, Ludwigshafen, delivered an ad
dress before the joint meeting of the Sections on 
Inorganic Chem istry, Physical Chem istry, E lectro
chem istry, and Agricultural Chemistry, at the
Horace Mann Auditorium  on September n t h ,  on

C ourtesy of A m erican Druggist. 
H e i n r i c h  A u g u s t  B e r n t h s e n , P r e s . B u n s e n  G e s e l i ŝ c h a f t .

“ S y n t h e t i c  A m m o n i a .”  This lecture was one of the 
most novel delivered before the Congress, and included 
a dem onstration of the H aber process. The thanks 
of the meeting were voted to Professor Bernthsen for 
his brilliant lecture, the motion being m ade b y  Dr. 
E yde and seconded b y  Professor Duisberg. Professor 
Bernthsen’s lecture is reprinted in full in this num ber 
of T h i s  J o u r n a l .

P r o f e s s o r  W i l l i a m  H e n r y  P e r k i n  delivered a lec
ture on “ T h e  P o l y m e r i z a t i o n  o f  B u t a d i n e  a n d  

I s o p r e n e ,”  before the Sections on Organic Chem istry 
and India Rubber, on Septem ber n .  A  large audience 
was present.

Prof. Perkin outlined the m ethod of m aking syn
thetic rubber, which he recently described in a paper 
before the Society of Chemical Industry and then 
described a new method which he said looked very
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promising. Since this new method has not yet been 
described we give its outline here:

T ake ethyl alcohol, which m ay be easily oxidized 
to acetaldehyde. This is condensed b y  means of po
tassium  carbonate to aldol and the aldol can be quan
tita tiv e ly  converted into butylidine glycol. A ll the 
yields of these reactions are practically  quantitative. 
The butylidine glycol is then converted into a chloride 
and passed over soda lime when practically the same 
product is produced as the isoprene from the isoamyl 
chloride and when treated w ith sodium gives even 
better rubber than isoprene.

Prof. Perkin exhibited samples of w hat he called 
the first synthetic rubber ever made (the product of 
Tilden).

THE SECTIONAL MEETINGS.

The scientific work of the Congress was organized 
in tw enty-four sections. E ach section was adminis
tered b y  a com plete organization consisting of Presi
dent, Vice-president, Secretary and Sectional Com
mittee.

A ll papers offered to the Congress, after being passed 
upon b y  the proper Sectional officers, were subm itted 
for final action to the Com mittee on Papers and P ub 
lications.

The greater portion of the Proceedings of the E ighth 
International Congress was printed in advance of the 
meeting, and issued to members on and after the morn
ing of Septem ber 3rd. The Proceedings contained 
all accepted papers presented b y  June 30, 1912, and 
consisted of tw enty-four volumes, including over 600 
papers and over 5000 pages w ith illustrations.

The m any additional papers read at the Sectional 
meetings but not subm itted before June 30th, will be 
included w ith discussions of all papers in the Supple
m ent to the Proceedings, to be issued before December 
31, 1912.

E ach volum e of the Proceedings was devoted to a 
section. Thus authors were able to present their 
papers in abstract before the section and bring out a 
most com plete and full discussion.

S E C T IO N A L  D IV IS IO N S  A ND T H E IR  P R E S ID E N T S .

Analytical Chemistry: W . F. Hillebrand, Ph.D ., 
Bureau of Standards, W ashington, D. C.

Inorganic Chemistry: Charles L. Parsons, B .S., 
Technical E xp ert of Bureau of Mines, W ashington, D. C.

Metallurgy and M ining: Joseph W . Richards, Ph.D ., 
Lehigh U niversity, South Bethlehem , Pa.

Explosives: Charles E. Munroe, Ph.D ., George
W ashington U niversity, W ashington, D. C.

Silicate Industries: A llerton S. Cushman, Ph.D ., 
The Institute of Industrial Research, W ashington, D. C.

Organic Chemistry: Marston T. Bogert, L L .D ., 
Columbia U niversity, N ew Y ork.

Coal Tar Colors and Dyestuffs: Herman A. Metz, 
122 Hudson Street, New Y ork .

Industry and Chemistry of Sugar: W . D. Horne, 
Ph.D ., N ational Sugar Refining Co., Yonkers, N ew  
Y ork.

India Rubber and Oilier Plastics: L. H. Baekeland, 
Sc.D ., Yonkers, N ew Y ork.

Fuels and Asphalt: D avid T. D ay, Ph.D ., U nited 
States Geological Survey, W ashington, D. C.

Fats, Fatty Oils and Soaps: D avid Wesson, B .S., 
24 Broad Street, New Y ork.

Paints, Drying Oils and Varnishes: M axim ilian 
Toch, 320 F ifth  Avenue, New Y ork.

Starch, Cellulose and Paper: A rth u r D. Little, 93 
Broad Street, Boston, Mass.

Fermentation: Francis W yatt, Ph.D ., 402 W est 23rd 
Street, New Y ork.

Agricultural Chemistry: Frank K . Cameron, Ph.D ., 
Departm ent of Agriculture, W ashington.

Hygiene: W . P. Mason, M.D., L L .D ., Rensselaer 
Polytechnic Institute, Troy, New Y ork.

Pharmaceutical Chemistry: Joseph P. Rem ington,
Ph.M ., 1832 Pine Street, Philadelphia, Pa.

Bromatology: W . D. Bigelow, Ph.D ., D epartm ent 
of Agriculture, W ashington.

Physiological Chemistry and Pharmacology: John
J. Abel, M .D., Johns Hopkins U niversity, Baltim ore.

Photochemistry: W . D. Bancroft, 7 E ast A venue, 
Ithaca, New Y ork.

Electrochemistry: W illiam  H. W alker, Ph.D ., Massa
chusetts Institute of Technology, Boston.

Physical Chemistry: W . R . W hitney, Ph.D ., General 
Electric Co., Schenectady, N ew Y ork.

Law and Legislation Affecting Chemical Industry. 
The Honorable Edw ard D. W hite, Chief Justice of the 
Supreme Court of the United States, W ashington.

Political Economy and Conservation of Natural 
Resources: J. A. Holmes, Bureau of Mines, W ashington.

A  prom inent feature of the Congress was a num ber 
of joint sessions held for the purpose of a more general 
interchange of ideas and view s on interrelated subjects. 
These joint sessions also gave excellent opportunities 
for the presentation of some of the most interesting 
and valuable lectures delivered during the Congress, 
n otably those on "O xidation  of Atm ospheric Nitrogen 
and Developm ent of R esulting Industries in N orw ay,”  
b y  Samuel E yd e; “ Synthetic Am m onia,”  b y  Prof. 
Bernthsen; “ Synthetic R ubber,” b y  Prof. Perkin.

A  list of the articles published in the proceedings 
and of especial interest to our readers can be found 
in the N ew Publications column of this issue. Many 
of the papers of industrial and engineering im portance 
w ill appear in the current or subsequent issues of T h i s  

J o u r n a l .

THE SOCIAL FEATURES OF THE CONGRESS.1
One of the great advantages of an international 

congress is the opportunity offered for social inter
course; accordingly, the encouragem ent of frequent 
association among the members was carefully carried 
out b y  the Officers and Com mittees of the E ighth 
International Congress of Applied Chem istry,3 and the 
entertainm ent of the visiting members was fu lly  pro
vided for. In fact, the social features of the Congress 
were alm ost equal in im portance to the sectional 
meetings, for th ey gave every chance for intimate 
exchange of ideas and views.

1 E xclusive of th e  en te rta in m en ts  and functions a tten d in g  th e  O pening 
of th e  Congress in W ashington, rep o rted  elsewhere.

2 T he M arshals, i t  m ay  be m entioned here, d id  m uch  to  p rom ote  
cordial acquain tances am ong th e  foreign guests  an d  th e  hom e m em bers.
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The reception of the Am erican Chemical Society to 
the members of the Congress at the M etropolitan 
Museum of A rt, from 8.00 p . m . to 10.00 p . m . on the 
evening of Saturday, Septem ber 7, was a largely a t
tended, highly enjoyed function. The R eceiving 
Line, composed of tw enty-eight P ast Presidents and 
Officers of the Society and Officers of the M etropolitan 
Museum of A rt, w ith their wives, and under the chair
manship of Dr. A rthur D. L ittle, formed at 8.30 p . m . 

in the Grand Foyer of the Museum, and from  9.00 to 
10.00 p . m . a collation was served in the Trustees Room  
on the second floor. Members of the International 
Association for Testing M aterials were also welcome 
w ith their guests. Through the courtesy of the 
Museum, a special illustrated program advising as 
to how best to see the collections and where they were 
located was distributed at the entrance. The R ecep
tion Committee, also under the chairmanship of Dr. 
L ittle, was made up of one hundred prominent Am eri
can chem ists; the Ladies’ Reception Com mittee was

constituted of sixty-five ladies; and the E xecutive 
Com mittee on Arrangem ents, of w hich Dr. George F. 
K u n z was chairm an and Dr. E. F. Roeber secretary, 
was made up of seventeen ladies and gentlemen.

Those members of the Congress holding entertain
ment coupons enjoyed a B oat Excursion up the 
Hudson R iver on Sunday, Septem ber 8; an E n ter
tainm ent at the N ew Y o rk  Hippodrome on Septem ber 
11; a Baseball Game at the N ew  Y o rk  Polo Grounds 
on Septem ber 13. The B oat Excursion was attended 
b y  a large number of members and lad y guests, the 
p arty  leaving 41st Street and N orth R iver at 9.30 
a . m . and returning late in the afternoon; the boat 
proceeded as far as Newburgh and during the trip 
refreshments were provided. The members who 
attended the production a t the Hippodrome in 
the evening of Septem ber ir ,  which, like the base
ball gam e on the 13 th, attracted  in particular

m any foreign visitors, were en joyably entertained.
Am ong other social functions and entertainm ents, 

all of which were free to the members of the Congress, 
were the following: The inspection of the Am erican
Museum of N atural H istory on Saturday afternoon, 
Septem ber 7; the reception and entertainm ent b y  the 
Chem ists’ Club on the evening of Septem ber 10; the 
the Afternoon T ea and E xhibition of Photographs 
a t the Camera Club after the joint m eeting of the 
Section on Coal T ar Colors and DyestufTs w ith the 
Sections on Paints, D rying Oils and Varnishes, and on 
Photochem istry; the Organ R ecitals b y  Mr. Mark 
Andrews, of Montclair, N. J., on Septem ber 6 and 9, 
and the organ recitals b y  Professor Samuel A  Baldw in 
on September 10 and 11, all in the Great H all of the 
College of the C ity of New Y o rk ; the Inform al Teas 
at the College of the C ity of New Y o rk  on Septem ber 
6, 9, 10 and i x ; and the Afternoon Tea on the lawn at 
Columbia U niversity on Septem ber 12. There were 
in addition certain other functions taking place in 

connection w ith other organizations; 
on the evening of Septem ber 6, a num 
ber of receptions to foreign members 
in attendance and sectional smokers 
occurred. Throughout the Congress 
the Chem ists’ Club was the center of 
social activities; here m any informal 
meetings and social gatherings took 
place. The reception and entertain
ment b y  the Officers and Trustees 
of this club to the members of the Con
gress, on Septem ber 10, was largely 
attended and highly successful. Dr. 
and Mrs. Morris Loeb gave a recep
tion a t the Chem ists’ Club for the 
Latin-speaking visitors, and, on the 
afternoon of Septem ber ix , the Italian 
delegation and their friends were enter
tained b y  the Italian Cham ber of 
Commerce.

Am ong the private functions were 
the delightful lawn parties of Dr. and 
Mrs. Morris Loeb on Septem ber 8 and 
Mr. and Mrs. W illiam  James E vans on 

Septem ber 12. The charm ing garden-party of Mr. and 
Mrs. E van s was at Y atton hurst, Dobbs Ferry; the 
invited guests were conveyed to and from the reception 
in a special train. During the New Y o rk  sessions a 
num ber of private dinners were given in honor of 
visiting chemists, the most notable of these being the 
ones of Dr. Hugo Schweitzer in honor of the Official 
Delegates of the English, German, French, Austrian 
and Italian Governments, a t his residence on Sep
tem ber 6; Professor Charles Baskerville, in honor of 
Sir W illiam  R am say, a t the Century Association on 
Septem ber 6; and the several dinners of President 
W . H. Nichols, especially those on Septem ber 8 and 9.

The Grand Banquet of the Congress occurred on 
the evening of Thursday, Septem ber 12, a t the H otel 
W aldorf-Astoria. This dinner was attended b y  more 
than 1,000 members and ladies, and the M ayor of New 
Y o rk  City, Hon. W . J. Gaynor, was the guest of honor

G r e a t  H a l l  o f  t h e  C o l l e g e  o f  t h e  C it y  o f  N ew  Y o r k .
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and principal speaker; addresses were also delivered 
b y  various Am erican chemists, in which a welcome 
was bestowed upon the guests, and b y  English, French, 
German and Italian chemists, who referred apprecia
tiv e ly  to the U nited States and Americans.

M ayor Gaynor, referred to b y  the toastm aster, 
President Nichols, as “ the man who has the hardest 
job in all the w orld,”  regretted th at he could not do 
justice to all the languages represented, hence his 
address was delivered in English. His rem arks were 
p a rtly  on the public press, in the course of which he 
said th at the newspapers had, during the Congressional 
week, given more space to stories of crime than to the 
proceedings of the w orld’s great chemists. He also 
referred to socialism and requested the foreign rep
resentatives in his audience to take some of his state
m ents on this subject over the seas w ith them  for 
reflection.

Dr. John Huston Finley, President of the College 
of the C ity  of New Y ork , delivered an address on 
behalf of Governor D ix, of New Y ork, in which he 
spoke in chem ical metaphors. Dr. F in ley ’s rem arks 
were very  entertaining and amused the audience 
immensely.

A n unusual innovation for such an occasion was a 
speech b y  a lady. Mrs. L. H. Baekeland, Chairman 
of the W om en’s Com mittee of the Congress, spoke in 
a delightfully entertaining manner and was w arm ly 
applauded.

The list of speakers included: W . P. W ilkinson, 
representing A ustralia; Dr. Rudolph W egscheider of 
A ustria; B . Setlik of Bohem ia; Paul Hagamans, 
Consul General of Belgium  at Philadelphia; Dr. 
A nthony M cGill of Canada; Prof. Belisario Diaz-Ossa 
of Chili; Mr. Y u n g  K w ai of China; Dr. Don Guillermo 
W ills of Colom bia; Dr. E inar Billm an of Denm ark; 
Prof. Leon Lindet of France; Prof. Dr. von Buchka 
of G erm any; Rudolph Hofm ann of Prussia; Prof. 
Gilbert T. Morgan of Ireland; Prof. G. Bruni of Ita ly ; 
Prof. Adolfo P. Castanares of M exico; Dr. Alfred 
Sinding-Larson of N orw ay; Mirza Ali K uli K ahn of 
Persia; Dr. Paul W alden of Russia; Prof. Dr. K n u t 
W ilhelm  .Palm aer of Sweden; Dr. F. P. Treadw ell of 
Sw itzerland; Dr. James Moir of the Union of South 
A frica; and Sir W illiam  R am say of England.

The bearers of tickets for ladies accom panying 
members were welcome at all social functions, and the 
receptions, teas, organ recitals, general lectures, etc., 
were graced b y  the presence of m any lady guests. 
A  num ber of New Y o rk  Ladies’ Com mittees and Sub- 
Com mittees had -been organized for the reception of 
the lady guests of the Congress, an enjoyable program  
had been prepared for the entertainm ent of these, 
and the Ladies’ Com mittees did everything for the 
com fort and pleasure of the visiting ladies.

On Friday, Sept. 6, the General Meeting of all the 
Ladies’ Com mittees (except the Reception Committee) 
took place a t 1 0 . 0 0  a .m . at Colum bia U niversity; this 
was followed, in the morning, b y  an informal reception 
and welcom e to the guests at Columbia U niversity, 
and, in the afternoon, b y  a lecture on “ Communal 
W ork of W om an in A m erica”  in Rum ford H all,

Chem ists’ Club. On Monday, Sept. 9, the lady guests 
enjoyed autom obile trips in the morning, a luncheon 
at the “ Clarem ont” at 1.00 p . m ., and the informal tea 
a t the College of the C ity  of New Y o rk  at 5.00 p .m . 

The following day, Sept. 10, the visiting ladies had, 
in the morning, the choice of one of the following 
tw o autom obile trips, starting from the Chem ists’ 
Club: (1) Public L ibrary, T iffan y’s and the Metro
politan Tow er; (2) Aquarium , Down-town Section, 
and the Stock Exchange. A t noon the ladies and 
their gentlem en escorts visited G im bel’s D epart
m ent Store; after this inspection a luncheon was 
served b y  Gim bel’s in their T ea Room. L ater in 
the afternoon a num ber of the ladies repaired to the 
College of the C ity  of New Y o rk  to attend the informal 
tea. On Septem ber 11, there were autom obile trips 
in the morning and a concert in Rum ford Hall, 
Chem ists’ Club, and an informal tea in the afternoon; 
the next morning an enjoyable boat excursion about 
New Y o rk  Harbor, starting from 42nd St. and the North 
River.

THE CLOSING SESSION.

The E ighth  International Congress of Applied Chem
istry which had been in session in W ashington and 
N ew  Y o rk  since September 4, officially closed w ith 
a business m eeting at noon, Septem ber 13 in the 
Great Hall a t C ity  College. Dr. Nichols, the Presi
dent, presided and a number of im portant business 
m atters were considered.

A  resolution to adopt Esperanto as the official 
language for the Congress was referred to the Ninth 
Congress for consideration and decision. The reso
lution to fix  the periods for the m eetings of the Con
gress five years apart instead of three was defeated 
and the m eeting of the N inth Congress was definitely 
fixed for 1915. The plan to standardize atom ic 
weights for periods of five years instead of the present 
annual revision was changed to three years.

St. Petersburg was selected as the meeting place 
for the N inth Congress and Professor Dr. Paul W alden, 
Professor of Chem istry, Polytechnical School of R iga, 
was elected President, and Professor Dr. Demetrius 
P. Konovaroff, Em eritus Professor of Chem istry in 
the U niversity of St. Petersburg, and now Assistant 
M inister of the D epartm ent of Commerce and Industry 
in Russia, was elected H onorary President.

The gavel was form ally passed b y  President Nichols 
to the new ly elected President, Professor W alden, and 
the E ighth International Congress of Applied Chem
istry, which was the most successful ever held, was 
officially closed.

FACTORY VISITS AND EXCURSIONS.

Great interest was shown b y  the visitors to the 
Congress in the facilities offered to inspect manu
facturing plants. There was little tim e available for 
factory  excursions during the meetings, but a num ber 
of very  interesting trips were arranged for Saturday, 
Septem ber 14.

A bout one hundred and fifty  members visited the 
Consolidated Gas W orks a t Astoria, L. I. This ex
cursion was under the personal direction of Dr. A rthur



7 i 6 T H E  J O U R N A L  O F  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 .  Oct., 1912

H. E lliott, the com pany’s consulting chemical engineer; 
he w as able to show the largest gas works in the world, 
producing both coal gas and w ater gas, in full operation. 
The Consolidated Gas Com pany furnished a special 
boat which transferred the visitors from the E ast 21st 
Street pier to Astoria and return.

The Corn Products Refining Com pany took a party  
of one hundred members under the guidance of their 
Chief Chemist, Dr. H. C. H um phreys, to their plant 
at Edgew ater, N. J.

Dr. W . H. Nichols extended an invitation to about 
one hundred and fifty  foreign guests to join a special 
boat trip to  visit the works of the Nichols Copper 
Com pany at Laurel Hill, L. I. A fter inspecting the 
plant which has a daily output of 1,000,000 lbs. of 
refined copper, the p a rty  was entertained a t lunch on 
board the boat during a short trip up Long Island 
Sound.

The Standard Oil Com pany conveyed a p a rty  of 
about tw o hundred visitors b y  special boat to their 
Queens County W orks in Brooklyn. This excursion 
w as under the direction of Mr. Gail Mersereau, for
m erly chem ist for the Standard Oil Com pany, and 
Dr. O tto Kress, of Columbia U niversity. The guests 
spent several hours in the plant and were keenly 
interested in the work.

One of the m ost interesting excursions in and about 
New Y o rk  was the visit of a large p a rty  to the plant 
of the Bush Term inal Com pany in Brooklyn. This 
unique enterprise w'hich constitutes probably the 
largest group of buildings in the world, planned for 
and devoted exclusively to various lines of m anufac
ture, is located on the w ater front and is provided w ith 
every facility  for the in and out transportation of goods.

On Monday, Septem ber 16, the excursions through 
the w est left New Y ork, via Pennsylvania Railroad. 
These excursions were organized b y  the Inland Trans
portation Com mittee under tw o heads to meet the 
convenience of the guests.

The Short Trip visits Philadelphia, Pittsburgh, 
N iagara Falls, D etroit, Chicago, Cleveland and Boston.

The Long Trip will extend to the Pacific Coast and 
will visit Philadelphia, Pittsburgh, N iagara Falls, 
Detroit, Chicago, Omaha, Denver, Glenwood Springs, 
Salt Lake City, Bakersfield, San Francisco, Los A nge
les, Grand Canyon of the Colorado, Shreveport, New 
Orleans, Birmingham , A tlanta, D ucktow n and various 
other points of interest in the south, returning to New 
Y ork  on October 22.

The Congress has organized along the entire route 
of these excursions, local com mittees for the enter
tainm ents of the guests, and much of the tim e will be 
devoted to the inspection of the principal industries 
of the localities visited. The two excursions are under 
the m anagem ent of Dr. Geo. D. Rosengarten and Dr. 
D avid T. D ay, both of whom will accom pany the p arty  
throughout the trips.

THE SOCIETIES AT THE CONGRESS.
S O C IE T Y  O F  C H E M IC A L  IN D U S T R Y .

An informal reception was given a t the Chem ists’ 
Club on Saturday, August 31, b y  the New Y o rk  
Section of the Society of Chemical Industry to visiting

guests. This reception was very  well attended. 
Refreshm ents and music helped to m ake the event 
enjoyable.

The Annual General Meeting of the Society was

R u d o l p h  M e s s e l , P r e s . S o c i e t y  o f  C h e m ic a l  I n d u s t r y .

held on Septem ber 3, a t 10 a . m ., at the Chem ists’ 
Club. The address b y  the Retiring President, Dr. 
Rudolph Messel, is printed elsewhere in this issue.

The following are interesting abstracts from the 
R eport of the Council:

“ The num ber of members of the Society is now 4273 
as com pared w ith  4300 at the last Annual Meeting. 
During the year 225 new members have been elected as 
compared w ith  245 last year; and the losses have been 
253 as com pared w ith  244 last year.

“ The Journal in 1911 num bered 1478 pages of tex t 
besides supplem ent and advertisem ents, as against 
1482 pages in 1910. On the recomm endation of the 
Publication Com mittee, the list of British patent 
applications has been placed in the Supplem ent in 
such a w ay  th at it can be bound w ith the Journal if 
desired.

“ The Council has appointed the President, Dr. Messel, 
F .R .S ., to represent the Society on the Governing B ody 
of the Im perial College of Science and Technology in 
the place of the late Dr. D ivers, F .R .S . The Council 
will be glad to receive suggestions in connection w ith 
the establishm ent of an efficient system  of education 
in Chem ical Technology.

“ Mr. Thos. T yrer has been elected a representative 
of the Society on the Board of the N ational Physical 
L aboratory. A  special Com mittee of the Laboratory 
has ju st commenced an investigation into the prop
erties of glass for optical and other scientific purposes.

“ The Society is taking part w ith other institutions 
in several inquiries of common interest; w ith the 
T extile In stitute as to the dyeing of textiles with indigo,
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w ith the Chemical Society into the possibility of so 
preparing abstracts as to avoid duplication, and with 
the Institute of Metals in considering the nomenclature 
of non-ferrous alloys. I t  has also taken part in a 
recent conference on the International Interchange 
of Students.

“ The R oyal Commissioners for the E xhibition of 
1851, who have recently established a system  of 
Industrial Bursaries, and are subsidizing young grad
uates in science who propose to take up industrial 
positions, have invited the Society to express its 
opinion thereon. Great d iversity  of opinion on the sub
ject was expressed b y  the Sections, and the Council sent 
to the Commissioners a synopsis of the various views 
expressed. The R oyal Commissioners have expressed 
their indebtedness to the Society for its assistance.

“ The Society ’s medal, founded in 1896, and awarded 
once in every two years for conspicuous service ren
dered to Applied Chem istry b y  research, discovery, 
invention or im provements in processes, has this year 
been awarded to Sir W illiam  Crookes, O.M., F .R .S ., 
for his epoch-m aking discoveries in physical chem istry 
and the rare metals.

“ A t the celebration of the 250th A nniversary of the 
foundation of the R oyal Society, the Council was 
represented b y  the President of the Society who pre
sented an address. A  copy of this address appeared 
in the Journal for Ju ly 31.

“ A n International E xhibition will be held in San ' 
Francisco in 1915 to m ark the opening of the Panam a 
Canal, and the Board of Trade has expressed the 
opinion that Great B ritain  should take part in it. 
The Council of the Society is of the same opinion and 
trusts th at the E xhibition will be supported b y  the 
Chemical In du stry.”

The President-elect of the Society is Marston Taylor 
Bogert, L L .D ., Professor of Organic Chem istry in 
Columbia U niversity.

The n ext annual m eeting of the Society w ill be held 
in Liverpool, England.

The Annual Banquet of the Society of Chemical 
Industry, the most im portant social event of the an
nual meeting, took place on Septem ber 13th, a t the 
W aldorf-Astoria Hotel. This banquet was attended 
b y  about tw o hundred and fifty  persons, including 
m any distinguished foreign guests.

The President, Rudolph Messel, Ph.D ., F .R .S ., 
occupied the chair, and the President-elect, Marston 
T ay lo r Bogert, acted as Toastm aster. The Toasts 
of the evening were:

“ The President of the United States,"
“ The K in g of Great Britain and Ireland,"
“ The Society of Chemical Industry,”  b y  Rudolph 

Messel, Ph.D ., F .R .S .
"New  York,”  b y  Chas. F. Chandler, D.Sc., M.D., 

Ph.D ., L L .D .
“ The Eighth International Congress of Applied  

Chemistry,”  b y  W illiam  H. Nichols, M.S., L L .D ., D.Sc.
“ Our Guests,”  b y  J. Joyce Broderick, Esq., A cting 

British Consul.
“ The Ladies,”  b y  Mr. Lewis Sayre Burchard.

“ Science,”  b y  Sir W illiam  R am say, K .C .B ., D .Sc., 
F .R .S.

V E R E IN  D E U T S C H E R  C H E M IK E R .

A fter sight-seeing trips to Coney Island on Saturday, 
and in New Y o rk  C ity  on Sunday afternoon, the 
Verein met in H avem eyer Hall, Colum bia U niversity, 
on. Monday, Septem ber 2, for a business m eeting 
and lectures. The President, Geheim rat Prof. Dr. Carl 
Duisberg, occupied the Chair and made the opening 
speech, sketching the progress of the Verein from its 
foundation in Frankfort in 1887 b y  tw elve German 
chemists, to the present growing membership of five

C a r l  D u i s b e r g , P r e s . V e r e i n  D e u t s c h e r  C h e m i k e r .

thousand. This m eeting was a continuation of the 
25th anniversary of the Verein held in Freiburg last 
Spring, and was largely attended, about three hundred 
and fifty  people being present.

The M ayor of New Y ork, represented b y  Mr. Speer, 
President of the Borough of Brooklyn, welcom ed the 
Verein to N ew  Y ork.

Dr. Charles F. Chandler made the address of welcome 
(in German) for the Am erican chemists. The Austrian 
chemists were represented b y  Prof. Dr. Rudolph 
W egscheider, of Vienna. Official telegram s of welcome 
were sent to President T a ft and the German Emperor.

Tw o lectures followed:
First: “ The Scientific and Technical Importance of 

Tar-phenols:”  Dr. F. Raschig, Ludwigshafen am 
Rhein.

Second: “ Thirty-two Years in  the United States as 
Chemist and Manufacturer:”  Dr. F. W . Frerichs, of 
St. Louis.

The Verein took dinner a t 1 p . m . at the Clarem ont 
Inn.

The ladies of the p a rty  spent the evening a t the 
K nickerbocker Theatre, going to the R itz-Carlton
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H otel for a collation after the performance.
The gentlemen attended a Kom m ers held b y  the 

Verein a t Arion Hall. Dr. Hugo Schweitzer presided. 
The m any addresses were well received. There were 
m any salamanders and a "B ierspiel”  full of typ ical 
German fun. The whole affair was one of considerable 
v iv a c ity ; the hall was crowded and the Kom m ers will 
remain in the memories of those present as a successful 
and enjoyable event.

A M E R IC A N  C H E M IC A L  S O C IE T Y .

The Annual Meeting of the Council of the Society, 
presided over b y  President A rthur D. L ittle, took up 
the question of changing the dates of the annual 
meetings from July and Decem ber to the Spring and 
Fall m onths; this was discussed and is to be referred 
to a mail vote of the Society. Im portant changes

A r t h u r  D .  L i t t l e . P r e s . A m e r ic a n  C h e m ic a l  S o c i e t y .

in the Constitution were passed and recommended for 
adoption b y  the membership. A  num ber of other 
business m atters were disposed of and will be duty 
reported in the Proceedings of the Society.

The Regular Annual Meeting was held at the College 
of the C ity  of New Y ork , and took up only routine 
business. A ll of the scientific and social features 
which usually accom pany the annual m eeting were 
incorporated in the various functions of the In ter
national Congress.

The Society officially entertained the International 
Congress b y  a very successful reception a t the Metro
politan Museum of A rt.

A M E R IC A N  IN S T IT U T E  O F C H E M IC A L  E N G IN E E R S .

■ The annual business m eeting of the Institute was 
held in Rum ford Hall, Chem ists’ Club, Thursday, 
September 5, w ith Dr. L. H. Baekeland presiding. 
The greater portion of the tim e was given over to a 
discussion of the report of the Committee on Ethics,

Mr. G. W . Thompson, Chairman. A fter a few  minor 
amendments, the report was adopted b y  the council 
and will now be subm itted to the membership for 
approval, after which it will be published.

L e o . H . B a e k e l a n d , P r e s . A m e r ic a n  I n s t i t u t e  
o f  C h e m ic a l  E n g i n e e r s .

The Institute banquet, which was very  well attended 
b y  members and guests, was held in the dining-room 
of the Chemists' Club following the meeting. Dr. C. 
F. M cKenna presided as toastm aster and responses 
were given b y  Dr. L. H. Baekeland, Mr. G. W . Thom p
son, Prof. W m . P. Mason, Prof. C. F. Chandler, and 
Dr. Sam uel Rideal of London.

Members of the Institute contributed a  num ber of 
im portant papers at the sectional meetings and par
ticipated in all of the social events of the Congress.

C H E M IS T S ’ C L U B .

The members of the Club constituted the reception 
wing of the Congress. T h ey  m et the steamers, pro-

M o r r i s  L o e b , P r e s . C h e m i s t s ’ C l u b .

vided for the clearing and transportation of baggage, 
arranged'hotel accommodations, and rendered invalua-
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ble services in attending to the com forts of the visitors. 
The Club was a center of a ctiv ity  both in and out of 
season and its popularity as a m eeting place and social 
center m ust have been a source of great pride to its 
officers and founders.

A  num ber of brilliant receptions and entertainm ents 
were given at the Club, notably the reception to the 
visiting members of the Society of Chemical Industry 
on A ugust 31, the luncheon to the members of the 
Society of Chemical Industry on Septem ber 3, the 
reception b y  Dr. and Mrs. Loeb to the Latin-speaking 
visitors to the Congress on Septem ber 2 and the 
Club reception to Congress visitors on Septem ber 10.

A M E R IC A N  E L E C T R O C H E M IC A L  S O C IE T Y .

The tw enty-second general m eeting of the Society 
was held in joint session w ith the “ E lectrochem istry” 
section of the E ighth  International Congress. In 
addition to the scheduled papers belonging join tly  to 
the Society and the Congress, the following special 
papers were presented:

“ On. the Electrolytic Refining of Silver-Bismuth  
A lloys,”  b y  W illiam  N. Lacey.

“ The Electrical Resistivity of Fire-bricks at High 
Temperatures,”  b y  A . Stansfield, D. L. M cLeod and 
J. W . McMahon.

“ Fixation of Nitrogen by Alum ina and Carbon,”  b y  
S. A . Tucker and H enry L. Read.

To avoid confliction w ith  the special arrangem ents 
m ade b y  the different Com mittees of the Congress,

no excursions or other special forms of entertainm ent 
were planned b y  this Society. The excursions of the

W . L a s h  M i l l e r , P r e s . A m e r ic a n  E l e c t r o c h e m i c a l  S o c i e t y .

Congress, however, were open to those members who 
were also members of the Congress.

ORIGINAL PAPE.R5
CONTROL OF DUST IN PORTLAND CEMENT MANU

FACTURE BY THE COTTRELL PRECIPITATION 
PROCESSES.1

B y  W a l t e r  A .  S c iim id t .

The control of the dust arising from the rotary 
kilns in the m anufacture of Portland cem ent is con
tin ually  becom ing a more serious problem . This is 
p artly  the result of the enormous grow th of the P ort
land cem ent industry which now demands factories 
of such m agnitude th at the large volum es of gases 
leaving the stacks carry enormous quantities of dust 
into the atmosphere, but is probably more directly 
attributable to  the present trend of public opinion, 
which continually demands a more thorough control 
of fumes and smokes.

The question of the proper relationships which 
should exist between the factory  and the surrounding 
inhabitants has become a very  im portant social prob
lem. A t the present tim e a large am ount of hardship 
is being caused b y  improper action on one side or the 
other, often substantiated b y  our courts' on the ground 
of mere technicalities. This is a problem  which should 
receive the closest and most thorough study b y  a 
com petent body in an endeavor to establish such laws 
as will draw a line of equ ity  between the different 
parties com ing into contact through the developm ent 
of our modern industries.

1 P ap er p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 
C hem istry, New Y ork, Septem ber, 1912.

Should every smelter, refinery and like industry 
em it poisonous and noxious fumes from  its stacks and 
all other factories perm it smokes and dusts to escape 
in unrestricted quantities, life in an y  large industrial 
center would be unbearable. On the other hand, 
however, most industrial furnace processes cannot be 
conducted w ithout the production of large volum es 
of gases which usually carry from the furnaces volatil
ized m aterials and solid particles, these solids being 
swept along b y  the h eavy  rush of the gases. A s the 
factories grow in size and num ber the dam age and 
“ nuisance” caused by the fumes and dusts usually 
assume most aggravating m agnitudes and, after a 
certain m ark is reached, control of the annoying 
m aterial in the stack  gases becom es a necessity. A t 
the outset we are, therefore, confronted w ith  tw o 
conflicting factors, first, the one from w ithin the 
factory, which in m any instances m akes it u tterly  
impossible to prevent the form ation of dusts, fumes 
and smokes in the m anufacturing processes; and, 
second, the one from  w ithout, which m akes it equally 
impossible to perm it these m aterials to escape into the 
air, due to the dam age to the surrounding country. 
A  further com plexity arises from  the fact th at the 
surrounding country ve ry  often demands the m ain
tenance of the factory  for its own continued prosperity.

It  is readily seen, th at to perm it a problem  of such 
conflicting interests to take its course w ithout thorough
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study and guidance, is bound to work hardship upon 
one p arty  or the other, and, of necessity, will result 
in such unjust proceedings as have a t tim es closed 
some of our most im portant industrial establishm ents 
or perm itted other factories to continue causing 
damage to the territory surrounding them. A  vital 
question confronts the people to-day in this regard,

F i g . i .

in the establishm ent of a rational relationship between 
the different parties, taking into consideration the 
various questions entering into the rapid changes of 
our present-day industrial development.

The problem of relationships between factory and 
farm er has become extrem ely critical in Southern 
California w ith  the cem ent industry, where the dust 
arising from  the tw o large factories, the Riverside 
Portland Cement Com pany at Riverside, California, 
and the California Portland Cement Com pany a t 
Colton, California, settled upon the orange and lemon 
groves in the vicin ity, causing some damage.
It  would be out of place in this paper to 
comment upon the actual dam age done, as 
all of the court testim ony presented has 
so far thrown little light upon actual re
sults. W hether the dust really does cause 
any injury to the trees is a question of 
minor importance in this particular locality, 
as the dust makes the groves unsightly 
and the farmers are convinced th at actual 
damage has been done.

The Riverside Portland Cement Com pany 
experim ented w ith numerous methods in 
an endeavor to control the dust arising from 
their factory, w ith little encouraging results, 
and tw o years ago the w riter undertook 
the work of applying the Cottrell electrical 
precipitation processes to this new problem.

The Cottrell processes were invented and developed 
b y  Dr. F. G. Cottrell, now of the United States Bureau 
of Mines, but until recently of- the Chem istry D epart
ment of the U niversity of California. These processes 
were first developed in connection w ith the problems
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arising in the m anufacture of sulphuric acid b y  the 
contact process. A fter the successful control of these 
acid mists, the processes were applied to smelter 
fumes, aim ing directly a t the control of the sulphuric 
acid in these gases. The first plant has now been in 
steady operation for over five years, operating upon 
the parting flue in the refinery of the Selby Sm elter 

on San Francisco B ay. The processes 
were later applied to the larger problem of 
general sm elter fume control. No attem pt 
will here be made to go into detail regarding 
the w ork w ith these processes in this field, as 
the early history of the processes was quite 
thoroughly discussed in an article published 
a year ago in T h i s  J o u r n a l 1 and has since 
been extensively abstracted in o t h e r  
journals.2 Further, Mr. Linn B radley is 
presenting a paper to the M etallurgical Sec
tion of the Congress upon the recent work 
done in this field of application.

In undertaking the application of the 
Cottrell processes to the problem  of collect
ing the dust in cem ent mills, a large num
ber of new factors had to be dealt with, as 
all work done' previously had been conduc
ted upon cool moist gases either containing 
large quantities of w ater vapor, acid fumes 
or similar m aterials, all of which gave 

distinct electrical characteristics to the gases. 
The prim ary factors in cem ent work are dry 
non-conducting gases, non-conducting dust particles, 
intense tem peratures, large volum es of gases and large 
quantities of solid m aterial carried b y  the gases. It  
is a fair estim ate to assume as an average figure th at 
a rotary kiln xoo feet long and 7 feet in diameter, oil- 
fired as on the Pacific Coast, has a volum e of stack 
gases of 50,000 cubic feet per m inute; the gases above 
the com bustion zone in the stack have a tem perature 
of about 450° C. and carry dust aggregating between

F ig . 2.

four and five tons per day of tw enty-four hours.
1 “ The E lectrical P rec ip ita tion  of Suspended P artic le s ,”  T h i s  J o u r n a l , 

Aug.. 1911.
2 M in in g  and Scientific Press, Aug. 26, 1911; Scientific A m erican S u p 

plement, Sept. 30, 1911; Engineering and M in in g  Journal, O ct. 14, 1911; 
Engineering News, O ct. 26, 1911; Metallurgical and Chemical Engineering, 
M arch, 1912; Cement and Engineering News, A pril, 1912; R auch  and  S taub , 
A pril, 1912.

T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G IN E E R IN G  C H E M IS T R Y .
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The plan which was first suggested for handling 
these gases was to turn all gases from the entire factory 
into one general flue and conduct them to such a point 
as would bring the tem perature within the region of 
our past experiences. I t  was soon found, however, 
in our first tests, th at the d ry gases presented entirely 
different electrical characteristics than were encoun
tered in treating the gases from smelter stacks, and it 
w as later found th at the high tem perature facilitated 
the uniform ity of the electrical discharge. The plan 
adopted therefore w as to treat the gases a t as high a 
tem perature as was perm itted b y  the properties of the 
structural m aterial used in the treating apparatus. 
B y  using ordinary steel, it is quite possible to work 
a t  the average tem perature of the stack gases, nam ely 
4500 C., provided however that the abnormal tem po
rary  rises in the tem perature in these gases are pre
vented. The question necessarily arose regarding the 
possibility of m aintaining satisfactory factory  operation 
if we attem pted to regulate the stack tem perature too 
c losely ; extensive tests were undertaken in pyrom etric 
control of the same. W ork done during the past 
year has shown th at b y  installing recording pyrom eters 
in the proper place in the stacks and placing the in
struments so th at the “ burners” can keep close w atch 
upon them, it is an easy m atter to regulate the fires 
in such a w ay  as to give practically  a uniform tem 
perature in the stacks.

It  was the first plan a t the Riverside Portland Ce
m ent Com pany to connect all ten stacks b y  a common 
flue which should conduct the gases into a general 
treating apparatus, but the factory  engineers decided 
th at it would be preferable to m aintain individual 
control of the kilns. A s the factory  design was such as 
to prevent installing this form of apparatus upon the 
ground, it w as decided to allow the entire stack structure 
to remain intact and treat the gases after th ey left the 
existing stacks. These stacks are eighty feet high

F ig . 3 .

and at this level has been constructed a platform  upon 
which the entire apparatus has been placed. In order 
to test out w hat effect the apparatus has upon the 
kiln conditions, we passed the gases through the 
treater and directly into the air alternately w ithout 
having the “ burners” know  the direction of flow of

the gases. Sensitive recording radiation pyrom eters 
failed to indicate any effect, either in the tem perature 
of the stack gases or of the burning zone in the kiln. 

It  might be well here to say a few words regarding

F i g . 4 .

the underlying principle of the Cottrell electrical 
precipitation processes, for those who are not acquainted 
w ith them or who have not the tim e to read the 

references cited. The principle consists 
of bringing the dust-laden gases under 
the influence of a series of electrodes, 
some of which m aintain a “ silent”  or 
“ g low ” discharge. B y  virtue of the 
discharge, the space between the elec
trodes becomes filled w ith  gaseous ions 
and the dust particles passing through 
this space become charged b y  having 
these ions impinge upon them, im part
ing their ionic charges to the particles. 
The charged particles are then passed 
through an intense electric field which 
causes them  to m igrate in the direction 
of the field, which in the commercial 
apparatus is arranged transverse to the 
direction of the flow of the gases. The 
dust particles are b y  this action drawn 

out of the gases and deposited upon the electrodes, 
'the gases being perm itted to go their w ay  unaffected 
and emerge from  the treating apparatus freed from 
the solid particles w hich had been held in suspension.

The distinct advantage w hich this process has over 
mechanical processes arises from  the fact th at the
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gases them selves p lay no part in the action in the 
treater, except as carriers of electricity. In  all me
chanical processes the entire volum e of gas m ust be 
acted upon in such a w ay  as to take advantage of the 
differences in specific g ra vity  between the suspended 
particles and the gases themselves, or some similar

F i g . 5 .

action. In electrical processes the gases are perm itted 
to pass through the apparatus unaffected while the 
particles them selves are taken hold of individually by the 
electrical field and acted upon in such a m anner as to 
draw them out of the current of advancing gases and 
precipitate them upon the collecting electrodes. 
In order to m aintain a definite direction of migration 
of the dust particles, the electrodes m ust be given a 
unidirectional electrostatic charge which, in 
the commercial apparatus, is generated b y  
rectifying a high tension alternating cur
rent. In the commercial apparatus the 
potential varies under different conditions 
from 20,000 to 40,000 volts.

The- electrode system  consists of two 
forms of electrodes: first, the discharge elec
trodes, which are made in various forms, 
depending upon conditions, but are alw ays 
of a light construction and are so chosen 
as to m aintain a heavy electrical discharge 
from th em ; second, the collecting electrodes 
upon which the solids are precipitated.
These are usually of a heavy construction 
and the form and arrangem ent are so chosen 
th at no discharge takes place from their sur
face. The tw o forms of electrodes are 
alternated across the apparatus w ith an 
electrode spacing of from two to six inches, 
this distance varyin g w ith the conditions 
to be met. A  series of these rows of electrodes is 
placed in the treater so th at the dust particles are 
brought under the successive action of this series of 
electrodes. The length of the treater is so chosen as 
to affect the desired cleaning of the gases. The cross 
section of the apparatus is made such as to bring a

balance between the two forces acting upon the sus
pended particles, nam ely, the frictional force tending 
to carry the solid particles along w ith the gases and 
the electrical force tending to draw the suspended 
particles out of the advancing current of gases.

In the installation at the Riverside Portland Cement 
Com pany the treater has a cross section of 
12 X 16 feet, and an over-all length of 20 
feet. A s stated above, the apparatus is 
placed upon a platform  constructed a t a 
height corresponding to the top of the 
original stacks, nam ely, 80 feet above 
ground. Upon this platform  is placed a 
short stack extension which extends through 
the roof of the building structure and is 
supplied w ith a dam per of special design. 
Upon either side of the stack is placed a 
com plete electrical treater separated from 
the stack extension by a large louvre dam 
per. B y  means of these three dampers, 
the gases can either be conducted through 
one or the other or both  treating chambers 
or em itted directly into the atm osphere as 
occasion m ay warrant. E ach stack is 
equipped w ith tw o treaters so as to have an 
auxiliary apparatus for each kiln. In case 
one treater should be shut down for repairs, 

cleaning or the like, the other treater w ill be able 
to take care of the gases w ith m oderate efficiency. 
Under normal conditions the gases are passed 
through both treaters, insuring a thorough clean
ing of the gases. The electrode spacing is here 
chosen at 6 inches and there are tw en ty  rows of 
discharge electrodes in series. The dust is precipi
tated  upon the collecting electrodes which are

F i g . 6 .

cleaned once every three or four hours b y  being given 
a mechanical rapping, this action being m ade auto
m atic to the extent th at the operator m erely puts an 
electric m otor into operation. The dust falls into 
hopper bottom s from  w hich it is again conducted into 
the bins feeding the rotary kilns. E ach treater is
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supplied w ith a small outlet stack 20 feet high which 
is sufficient to com pensate for the resistance offered 
to the gases b y  the treater. A s stated above, sensi
tive  pyrom eters do not indicate an y change of tem 
perature in the kilns or stacks when the gases are 
perm itted to escape directly into the atmosphere or 
are passed through the treater.

The operating costs of the apparatus are low. A  
com plete treater of the size described consumes ap
proxim ately 7V2 kilow att hours. This includes elec
trical energy for all motors. A  5,000 barrel mill will, 
therefore, consume approxim ately 75 k ilow att hours 
in an entire installation. The m anual labor required 
consists of one man per shift, of the character ot men 
ordinarily em ployed to run electrical mill machinery. 
I t  is, however, usually advisable to have an extra  man 
on duty. There is no deterioration in the apparatus 
under steady running and the m achinery is subject to 
exactly  the same wear as an y other piece of electrical 
m achinery.

In the series of photographs shown, Fig. 1 shows 
the factory as it appeared in 1910 w ith the 
experim ental flue No. 1 and laboratory on the ground 
in front of the building. Fig. 2 gives a closer view  
and shows the initial experim ental installation of two 
small precipitating units on the roof of the kiln room 
and just above the middle of the picture. The first 
full sized treater is a t the right or opposite end of the 
row of stacks; Figs. 2 and 3 represent pictures taken 
1 m inute apart and show very  plainly the effect of 
turning on the electrical current in the treater. In 
Fig. 3 the solid particles are all retained in the treater; 
the smoke from the other nine kilns is, of course, 
unaffected. Figs. 4 and 5 are view s of experim ental 
treaters built on the top of the stack. Fig. 6 is the 
first part of the perm anent installation.

One im portant question which has grown out of 
the present w ork a t the Riverside Portland Cement 
Com pany lies in the possible utilization of the collected 
m aterial as a source of potash for fertilizer purposes. 
This factory does not use clay in its raw  m ix but 
a decomposing feldspar which has a considerable 
potash content. In the burning of the cement the 
potash is volatilized and condenses again in passing 
up the stack. The greater part is caught in the elec
trical treater along w ith the dust which gives a dust 
containing considerable potash value. Experim ents 
have been conducted for some little tim e in the en
deavor of utilizing this m aterial either directly as a 
fertilizer “ filler”  or extracting the potash from the 
m aterial w ith the aim of obtaining a concentrated 
potash salt. This work is not sufficiently far advanced 
to perm it publishing definite figures.

Dr. F. G. Cottrell, inventor of the process, is pre
senting a paper to this Congress before the Section of 
Conservation and Political E conom y upon w hat he 
has termed “ A n Experim ent in Public Adm inistration 
of Patent R igh ts.”  This deals w ith the recently 
organized “ Research Corporation” to which Dr. 
Cottrell and his associates have given the Paten t 
R ights to the processes for all of the U nited States 
except the six western states and the application of

the processes to the Portland cem ent industry. These 
latter rights, along w ith the foreign holdings, are 
retained b y  the parent companies, the W estern Pre
cipitation Com pany and the International Precipitation 
Com pany, w ith  offices a t Los Angeles, California.

L os A n g e l e s , C a l i f o r n i a .

CONTACT SULPHURIC ACID FROM BRIMSTONE.1
B y  G. W . P a t t e r s o n  a n d  L . B. C i i e n e y .

The plant we purpose to describe was erected in 
1907 at the U. S. N aval Proving Ground, Indian Head, 
Md., for the m anufacture of acid used in m aking 
smokeless powder. It  was designed b y  the New 
Jersey Zinc Co., which controls the Schroeder patents 
in this country.

W ith  a rated cap acity  of six tons, it  was operated 
successfully for three years, burning pyrites from New 
Y o rk  and Virginia in O ’Brien burners. During the 
last two years, Louisiana brimstone has been used 
entirely. The reason for changing raw  m aterials was 
prim arily to increase capacity  w ithout enlarging the 
plant, and it was hoped incidentally to reduce costs, 
notw ithstanding the large increase in price per unit of 
sulphur. Our expectations have been fu lly  realized 
in both respects.

The installation will be described under four heads: 
burner and gas cooling system , gas purifiers, conversion 
system , and absorbing system . The burner is housed 
in a detached frame building, 19 ft. X 32 ft., w ith 
sulphur store sheds adjacent. A  fram e building, 
52 ft. X 60 ft., contains the conversion and absorbing 
system s. The gas cooling and purifying system s are 
in the open a t the rear of the two buildings, in part 
protected b y  an open shed.

The burner is known as the Trom blee and Pauli 
burner and has been most satisfactory. It consists 
of a horizontal cylindrical iron shell 8 feet long and 
3 feet in diam eter w ith conical ends, revolving on its 
axis once in two m inutes. A t one end is a hopper 
and worm feed w ith  sliding dampers. The other end 
connects w ith a rectangular cast iron box of 37 cu. ft. 
capacity, provided w ith sliding dam per and vertical 
cast iron uptake pipe. This pipe leads to a brick dust 
catcher such as is ordinarily used w ith pyrites burners. 
The dust catcher m erely cools the gas, as no appreciable 
am ount of sulphur is carried beyond the com bustion 
box.

The burner is rated at 5500 lbs. per day, b u t there 
has been no difficulty in burning 6000 lbs. per day. 
Before feeding to the hopper, the sulphur needs no 
other preparation than breaking up large lumps w ith 
a shovel. W hen forced along b y  the worm, the sulphur 
m elts just before it drops into the body of the burner, 
and a sufficient am ount of m elted sulphur is alw ays 
present to form a com plete liquid coating on the inside 
of the shell as it revolves. The com bustion box and 
vertical uptake com plete perfectly  the com bustion 
of any sulphur which is volatilized from the cylinder.

The special advantages of this burner are ease in 
controlling com position of gas, low cost of upkeep and

1 P ap e r p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 
C hem istry, New Y ork , S eptem ber, 1912.



724 T U E  J O U R N A L  O F  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 . Oct., 1912

freedom from losses. Once in about tw o months it is 
necessary to clean out the dross which collects in the 
cylinder. To do this, or to prepare for a shut-down 
for repairs in an y other part of the plant, the sulphur 
charge is allowed to burn out com pletely. A n y  residue 
in the cylinder is then easily rem oved b y  a hoe. Start
ing the burner after cleaning, or even when it is cold, 
is a simple operation and no losses occur.

A t the exit from the dust catcher the gas has cooled 
to a tem perature of about 230° C. A t  this point it 
enters the purifying system, consisting first of 250 
linear feet of horizontal lead pipe arranged in tiers in a 
wooden rack. A ll gas passes through this total length 
of pipe. This pipe is cooled b y  a w ater spray, and 
here is deposited a small quantity  of weak, sulphuric 
acid formed in burning the sulphur. The acid de
posited is, however, slight in comparison w ith the 
am ount collected a t the same point when pyrites was 
burned. The lead pipe connects w ith a large lead- 
lined box containing coke and here a further deposit 
of w eak acid is obtained. Up to this point also is 
formed a slight deposit of carbonaceous m atter from 
the asphaltic m aterial which Louisiana brimstone 
alw ays carries in small quantities.

From  the coke box the gas passes to two w et scrub
bers in tandem. E ach  scrubber outfit consists of a 
vertical lead cylinder w ith conical top, about 4 ft. 
high, a lead pot provided w ith lead cooling coils for 
water, and an air lift for circulating constantly a 
stream of sulphuric acid from the pot to the scrubber. 
The scrubber is divided horizontally b y  perforated 
diaphragms. The acid washes and dries the gas 
thoroughly and flows out through trapped pipes in a 
weakened condition to the pot. A  pot holds 2500 lbs. 
of acid and is constantly strengthened to a g ra v ity  of
1.75 b y  the addition of strong acid. The excess acid 
formed at this point is collected in an egg and can be 
forced b y  air pressure to the w eak acid supply used in 
the absorbing system . The air lift was designed b y  
one of us (Patterson) to  replace the ordinary bubbler 
form erly used. O nly 5 lbs. air pressure is used, raising 
80 lbs. of acid per minute, and the top of the lift is 
gas-tight, the air being piped to the gas system  pre
venting an y loss of S02 at this point.

From  the scrubbers the gas passes to a second lead- 
lined coke box exactly  like the first one and thence to 
a pair of dry filters in parallel. E ach  dry filter consists 
of three superimposed lead-lined iron trays luted 
together. Each tra y  contains a m at of dry asbestos 
fiber supporting a quantity  of slag wool. A  reserve 
set of these filters is kept ready for use as th ey require, 
to be renewed about once in four weeks. The entire 
charge for two filters is 30 lbs. of asbestos and 400 lbs. 
of slag wool. The dry filters com plete the purification 
process and the gas is then carried into the main build
ing. Throughout the purification process the gas 
comes in contact w ith no other m etal than lead, but 
beyond this point either cast iron or wrought iron is 
used entirely.

W ithin the house, the gas first passes through a 
positive pressure blower, b y  regulating the speed of 
which the composition of the entrance gas is con

trolled, and the m ovem ent of gas through the whole 
system  is completed. Manometers on either side of 
this blower show a suction of 1.5" of m ercury and a 
pressure of 0.75" of m ercury. Just forward of the 
blower is the sam pling pipe where the composition of 
entrance gas is tested b y  the usual iodine solution.

The next step in the process is the conversion system  
which includes a preheater and converter. The pre
heater is a series of vertical iron U pipes and headers 
housed in a furnace heated b y  soft coal to g ive to the 
gas an initial tem perature of 380 °C., this being re
quired for proper catalytic  action b y  the contact mass.

T he converter is placed close to the preheater and 
is a vertical cast iron cylinder 6 ft. in diam eter and 
8V2 ft. high, composed of 5 horizontal sections. E ach 
section contains a wire mesh tra y  for supporting the 
contact mass and a baffle to properly spread the gas. 
The contact mass is anhydrous magnesium sulphate 
carrying two-tenths of one per cent, m etallic platinum  
in finely divided condition. A  total q u an tity  of 5900 
lbs. of mass which is in coarse granules is spread on 
the trays to a depth of 14-16 inches, leaving a space 
of about 6 inches between mass sections. The gas 
enters the bottom  of the converter and leaves a t the 
top, pyrom eter tubes being provided to read the gas 
tem perature before entrance and in each section. 
From  the converter the gas passes through 180 feet of 
iron pipe to the absorber. This pipe is air-cooled in 
order th at the tem perature of the gas m ay be suffi
ciently low for good absorption.

The absorbing system  consists of a tow er absorber, 
an acid-cooling pipe, a w eak acid m ixer and reservoir, 
a head tan k for strong acid, an acid pump, and collect
ing tank. The tower is a vertical cast iron cylinder 
1 5 V 2  ft. high resting on a cast iron base, the top being 
covered b y  a perforated plate from the center of which 
rises the exit pipe for waste gases. The tow er is lined 
w ith acid tile and packed w ith  quartz rock. The gas 
enters on one side near the bottom . A  constant 
stream  of acid is supplied b y  the pum p to the top 
plate, percolates through the mass of quartz and passes 
out a t the bottom  of the tow er to the cooling pipe. 
This is a horizontal wdter-cooled U pipe, one leg of 
w hich carries an overflow pipe connecting w ith  the 
pum p and the collector. The acid supplied to the 
top of the tower is kep t a t a tem perature of 700 C. 
and has a strength of 99.5 per cent. ILSO*. The 
strength of the acid leaving the bottom  of the tow er is 
reduced b y  the constant addition of a small stream  of 
75 per cent. HjSO« just before it enters the cooler.

The reservoir of this w eak acid, the m ixer and strong 
acid head tan k  are m ounted on a platform  in the center 
of the building at a sufficient elevation for the acid 
to flow b y  g ravity . The reservoir is an open lead- 
lined box holding 1000 gallons. The m ixer is a lead 
pot provided w ith lead coils for cooling w ater and a 
special m ixing pipe designed b y  one of us (Cheney) in 
which w ater and strong acid are brought in contact. 
The m ixing pipe consists of two h eavy */ " lead pipes 
set a t an angle of 30° and held together b y  a h eavy 
lead sheath burned onto a short length of i 1/ /  lead 
pipe. One of the V / ' pipes carries strong acid from
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the head tank, and the other ordinary cold water 
from  the mains. The 1 1 /," pipe serves to carry the 
hot m ixture to the pot w ithout spatter. This type 
has the advantage of minimum repair and mixes 
about 5000 lbs. of 75 per cent, acid per hour. The 
head tan k has a  capacity  of 18,000 lbs. of strong acid.

The product of the p lant passes through a scale 
tan k  and is delivered to the nitric acid plant where 
in winter w eather it is m ixed w ith 2 per cent, of nitric 
acid to prevent freezing. The entire product can be 
delivered as 99.5 per cent. HjSO^ but for use in m aking 
nitric acid a portion of it is reduced to 94 per cent. 
H jSO t.

This being a governm ent plant the hours of labor 
for an y one shift of men can not exceed eight. The 
plant is run continuously w ith three shifts and in 
addition to the men directly em ployed in the operation 
of the p lant there is a superintendent who devotes 
about half of his tim e to it.

The successful operation of a contact plant, of course,' 
depends largely upon the efficiency of the contact 
mass. This efficiency is easily influenced b y  arsenic 
in the raw  m aterials. Should arseniuretted hydrogen 
be present in the gas entering the converter, arsenic 
is deposited on the platinum  and is said to "poison”  it. 
The result of “ poisoning” is im m ediately noticeable 
in the tem perature produced b y  the catalytic  action 
and in the qu antity  of S02 unconverted. Fortunately, 
this effect m ay in part be counteracted b y  raising the 
tem perature of the gases entering the converter, and 
for this reason hardly any two plants burning pyrites 
will be found using the same initial tem perature. In 
different plants we have noted tem peratures of en
trance gas varyin g from 420° C. to 480° C. The 
catalytic  properties of “ poisoned”  mass m ay be im
proved b y  sprinkling it w ith  aqua regia and expelling 
the arsenic b y  the heat of the converter, or they m ay 
be entirely restored b y  heating the mass in a furnace 
after sprinkling w ith aqua regia.

Another factor in conversion is the qu an tity  of S02 
contained in the gas entering the converter. W ith 
p yrites it is custom ary to use an entrance gas con
taining not over 5.5 per cent. S02 w ith mass in good 
condition. W hen “ poisoning” has occurred, this 
percentage m ust be reduced to obtain good conversion.

In this plant, using Louisiana brim stone for eighteen 
months, we have had no indications of “ poisoning” 
and have not opened the converter. The tem perature 
of gas entering the converter is kep t constantly at 
380° C. and conversions are regularly 95-95.5 per cent. 
This 'low tem perature means a decided saving in coal, 
and w ear and tear on the preheater. During six 
m onths the average consumption of coal has been 
21.8 lbs. per 100 lbs. of SO, made. W e believe this 
to be a  figure decidedly less than in any Schroeder 
p lan t burning pyrites. A n entrance gas of 6.5-7 
per cent. SO, is regularly used. During six  m onths 
under the above conditions, the average m ake has 
been a little  more than 6 tons of acid a day, and the 
average yield  on sulphur fed to the burner 93.36 per 
cent. The p lan t can m ake a m axim um  q u an tity  of 
8 tons w ith a yield  of 90 per cent. Com parison of

cost sheets shows th at b y  changing raw  m aterials 
from  pyrites to brimstone, we have reduced cost of 
m anufacture nearly two dollars per ton of 98 per cent, 
acid; th at this reduction is due in part to minimizing 
losses from shut-downs for repairs, in part to increased 
yields and in p art to saving in coal and cost of upkeep.

U . S .  N a v a l  P r o v in g  G r o u n d ,
I n d ia n  H e a d , M d .

SMELTER SMOKE CONSERVATION.
B y  G e o r g e  C. W e s t b y .

Received A ugust 21, 1912.

The question of sm elter smoke treatm ent is one 
of commercial m etallurgy, and the application of 
a panacea a question of dollars and cents.

There have been m any plans devised for quieting 
the com plaints of injured agriculturists and others 
to whom  sm elter smoke seems all th at is evil, but too 
often the proposed plan has been m erely m itigatory, 
or has neglected provision for a m aterial return on 
the investm ent in the plant. In other cases the pro
cess is rendered inapplicable on account of limited 
demand for the output whose production and sale 
is the vita l com mercial feature.

Of the methods projected for treating sm elter 
smoke in an economic w ay, this article is lim ited to 
consideration of m ethods w ith w hich the w riter has 
experimented.

The first of these was developed during 1902-1903 
and consisted of a process for producing liquid S02 
from the smoke, utilizing the heat of the smoke b y  
means of economizers and air heaters. The S02 
was to be liquefied b y  an ice or refrigerating machine, 
w ith  the crystallohydrate of SO , as an interm ediary 
product.

Aside from  the m echanical difficulties incident to 
the arrangem ents for rem oving the flue dust, the 
crucial objection advanced against the process was 
the lack of a m arket for the liquid gas as produced 
a t the rate of thousands of tons per day. The sugges
tion th at it could be used as a refrigerant in place 
of ice in freight cars, and in the small ice boxes of 
private homes, seemed inadequate in face of the fact, 
th at the m arket w as both problem atical and unde
veloped while aw aiting the expenditure of some 
millions of dollars in providing the necessary equip
m ent.1

During the course of further w ork in connection 
w ith  the smoke problem, the idea suggested itself 
th at the sulphurous gases of the smoke m ight be 
bound w ith the bases of ’slag and thus reduced to a 
more controllable form. E xperim ent dem onstrated 
th at the idea m ight be p ractically  applied, and also 
suggested the general m ethod of smoke treatm ent 
w hich consists in the neutralization of acid fum es 
on slag, and ensuing precipitation of the toxic  oxides 
in ponds or other lim ited areas on the earth, chiefly 
as harmless and insoluble com pounds w ith  iron and 
other bases of the slag. A s developed, the process 
also involved the recovery of values carried b y  slag 
and flue dust.

1 T his phase  of sm oke erad ication  m ethod  w as independen tly  educed 
b y  D r. C arpen ter, of D enver.
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The fact th at chilled, finely divided slag very  rapidly 
dissolves in hot dilute solutions of H C1 or H 2S04, 
is generally known to m etallurgists and chemists, 
and th ey are also acquainted w ith  the fact th at the 
silicic acid is retained in apparent solution. E x 
perim ent proved th at hot solutions of S03 are also 
capable of effecting the dissolution of the slag in the 
same w ay; this discovery becam e the basis of our 
attack  on the smoke difficulty.

In carrying out the process we have a t com mand 
a hot acid smoke, laden w ith flue dust, vapors of 
sulphur and possibly arsenious or other volatilized 
compounds. W e have also at hand granulated and 
chilled slag.

The acid smoke is an im m ediately available and 
intensely active chem ical agent, but the granulated 
slag while susceptible to the vigorous a tta ck  of the 
sulphurous reagent, is preferably finely ground in 
order to accelerate its solution and incidentally 
reduce the size of apparatus required in its treatm ent. 
In conjunction w ith the smoke and slag, w ater or 
circulating ferruginous smoke liquor is necessarily 
used as a medium of chem ical translation, in m ain
taining suspension of the slag pulp and in carrying 
the compounds formed. The slag and sm oke are 
brought together b y  means of an apparatus which 
is introduced as a part of the flue system s. The 
province of the appliance is the retention of a vast 
surface of w etted slag in the direct path  of the smoke 
current, in such a w ay th at the smoke, slag dust, 
steam  and w ater become as nearly as possible a hot 
homogeneous m ist or spume.

Chemical action under such circum stances is es
sentially rapid, and ensures the absorption of the 
sulphurous gases w ithout recourse to unw ieldly ap
paratus or large chambers.

The result of the com bination of the constituents 
of the m ixture is the production of ferrous and ferric 
sulphite, ferrous sulphate, various thionates of iron 
and in a smaller degree sulphur salts of other bases.

The copper is m ainly present in the m atte particles 
contained in the slag, and when ground slag is used 
in the apparatus, remains for the m ost p art undissolved. 
T h at portion of the copper taken in solution m ay be 
reprecipitated in the absorber b y  the action of poly- 
thionates developed in the smoke liquor through 
the interaction of the S03, sulphites and free sulphur 
of the smoke.

In m any of our experim ents copper was obtained 
principally in an oxidized form b y  blow ing molten 
slag into slag wool. In these cases the copper was 
m aintained in solution and after discharge from 
the absorber was precipitated in a wooden tan k  b y  
heating the solution w ith steam  to about 80 0 C.

The developm ent of thionates, on which the pre
cipitation of part of the copper depends, requires 
no attention under the usual circum stances attending 
the roasting of ore. Their form ation is encouraged 
in the presence of the sublimed sulphur of the smoke, 
and b y  the sulphites and the excess S03 of the smoke 
liquors. During the course of their production, there 
m ay be a constant representation of all those compounds

designated as polythionates, b u t the dom inance of 
an y particular form  depends on the chem ical and 
physical characteristics of the smoke, the liquor 
and the m aterial treated. The thionates produced 
are ephemeral and finally break up into sulphates, 
sulphur dioxide and free sulphur as indicated in the 
following equation:

M SnO„ =  MSO, + S02 + (» —  2)S.
To illustrate a possible set of conditions occurring 

in the absorber during treatm ent of the smoke, we 
m ay take the following successive reactions:

4FeSO s +  2S02 +  Oj =  2Fe2(S 0 3)a.
F e3(SOs)3 =  F eS 3Oa +  F eS03.

2FeS20„ +  S3 =  2FeS30„.
2FeSs0(, =  F eS 20 , +  F eStO,.
2FeS,O 0 =  2FeS20„ +  2S2.
6F eS404 +  4C uS04 = 2Cu2S +  i4 S 0 2 +  3S3 + 6F eS04.

W hen sodium and -potassium are present in the 
slag they are dissolved w ith  the other constituents 
and later appear as sulphates in the discharged smoke 
liquors, and m ay be recovered if desired from the 
residues of the evaporated liquor. Zinc if present 
is sim ilarly dissolved and m ay be separated from  other 
residues b y  volatilization or any practicable means. 
Lead, silver and gold are retained undissolved w ith 
the precipitated copper. In  some cases green vitriol 
would be an im portant and valuable by-product.

The liquor produced in the absorption cham ber 
m ay be again used or it m ay be continuously dis
charged on waste land, over w hich it spreads in a 
thin sheet th at will rapidly evaporate under the in
fluence of wind and sun. In the latter case, oxida
tion and hydrolysis form  an insoluble basic sulphate, 
b y  translation of the green vitriol in general accord
ance w ith the equation

4 F eS 0 4 +  03 +  2H30 = 4 F eS 0 4(0H ), 
or 6F eS04 -t- 30 +  3H20 =  2F e3(S04)3(0H )3.
A t  the same tim e deposition occurs of the silicic acid 
and of sulphur arising from  the decomposition of thio
nates.

Generally the liquor issuing from the absorber 
contains only very  lim ited quantities of free acid. 
If, however, any objectionable am ount of acid is present, 
it m ay be neutralized b y  passing the liquor over 
slag or through calcareous or soluble ferruginous 
m aterial. In some cases the percolation of the liquor 
into calcareous soil w ould not be objectionable, as 
the com paratively small q u an tity  of acid w ould be 
effectually neutralized in the form ation of insoluble 
calcium  sulphate, and thus the liquor could not seri
ously affect the ground water.

The flue dust carried b y  the smoke is effectually 
caught b y  the som ewhat glutinous slag particles, 
and remains w ith the residues of the reaction cham ber.

In carrying out the experim ents it w as recognized 
th at the developm ent of a simple apparatus was of 
the first im portance; accordingly much tim e was spent 
on different ten tative  designs, b u t the aim  in each 
case was the form of apparatus which would require 
the minimum of attention, repairs and adjustm ent.

The arrangem ents tried were of tw o general forms:
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a  tow er or vertical cham ber and a horizontal rotary 
apparatus.

The vertical arrangem ent consisted generally of 
a wooden tower, provided w ith  a large num ber of 
narrow staggered shelves. These pieces were set 
three or four inches apart, from  one end of the tower 
to the other. A  hopper was introduced a t the top of 
the tow er for the reception of the slag and w ater used 
in the treatm ent. The bottom  of the tow er was 
arranged to perm it the form ation of a  hydraulic 
seal a t the discharge. A t each end of the tower 
pipes were inserted; one of these was connected directly 
w ith the flue of a furnace and the other w ith a fan.

In operation the w et slag was charged into the hopper 
and was discharged from  the hopper b y  g ra v ity  to the 
shelves. From  the top shelves the m aterial spread over 
the cross section of the tow er and b y  the action of the 
series of staggered shelves, fell in splashing cascades to 
the bottom  of the tower, com ing in contact throughout 
its course w ith the hot current of acid smoke drawn 
through the apparatus b y  means of the fan.

The liquor derived b y  the action of the smoke on 
the w et slag discharged through the hydraulic seal 
to a large wooden tan k in which the copper was pre
cipitated  b y  means of steam. W ooden launders 
conveyed the residual liquor to a pond.

The horizontal rotary  apparatus was cylindrical 
in form. Shelves or projections were set a t intervals 
along the interior surface, so as to lift the m ixture of 
slag and liquor and drop it in sheets through the 
smoke current in the apparatus. The shelves were 
set a t different angles so th at the m aterial w ould be 
distributed along the different planes during rotation 
of the cylinder. The splashing on the sides and bottom  
of the apparatus caused b y  the falling m aterial, aided 
in filling the whole of the cylinder w ith a constant 
spray of absorbent m ixture.

The cylinder rotated about short pipes of com 
p aratively  large diam eter; these were set a t the smoke 
en try  and exit ends of the cylinder and were connected 
respectively w ith the flue of the furnace and the in
take of an induction fan. The 'treated smoke was 
discharged through the fan.

Means were provided for continuously feeding the 
absorbent m aterial into the cylinder, and a pum p 
w ith a syphon attachm ent was used in rem oving the 
exhausted liquor.

T he first general test was m ade w ith a rotating 
cylinder. The cylinder was about 10 feet in length 
and 30 inches in diameter.

The results of one of the experim ents w ith  the ap
paratus are given below:

Tim e. 10.15. 10.45. 1 1 .00. 11.15 .
T em p, gas in le t ° F .......................... . .  2 1 5 ’ 220° 2 1 0 ° 242°
Tem p, gas o u tle t ° F ........................ 00 0 74° 74°
T em p, w a ter in le t ° F ..................... . . 64° 65° 65° 65°
Tem p, liquo r o u tle t ° F .................. . . 90° 100° 78° 86°
Cu. f t. gas p e r m in . m easured a t

in ta k e ................................................. 3 2 .4 3 3 .0 4 4 .4
P e r  cen t. SOo in le t ............................ . .  4 .9 % 4 .7 5 .4 4 .7
P e r cen t. SO2 o u tle t......................... . . 1 .9 1 .0 0 .85 2 .7
A bsorp tion  in  10 fe e t....................... . .  6 1 .2 % 7 8 .8 % 8 4 .2 % 4 2 .5 %

N o t e : 1 4 0  l b s  o f  s l a g  c h a r g e d  a t  b e g i n n i n g  o f  t e s t ;

n o n e  c h a r g e d  d u r i n g  i n t e r v a l  b e t w e e n  1 0 . 4 5 — i x . 1 5 .

The test gives results better tlu-n average, consequent 
on treatm ent of sm aller volum e of smoke per sec. 
than ordinary.

The test illustrates a set of experim ents where the 
slag was not fed continuously, but w as charged in 
one mass. The absorption in this case steadily  in
creased for a short period after charging, then fell 
off rather rapidly. In  the experim ent g iven  above 
the drop is accentuated b y  the increase of gas current.

In the experim ental results g iven  below the slag 
was practically  continuously charged, although not 
in sufficient q u an tity  to bring aboutcom pleteabsorption.

The tests were m ade w ith the tow er apparatus of 
which the general principles have been described. 
Tw o towers were used connected at their tops. The 
total length of the apparatus was 77 feet. The cross 
section was 4 square feet.

P e r
cen t.

T e m p e r a t u r e  i n  D e g r e e s  F a h r e n h e i t  o f  C u . f t .  a b s o r p -  
*   > g a s  t i o n
ingoing outgoing ingoing outgoing per SO2 by

Time. gas. gas. w ater. liquor. min. volum e.
10.00 A.M. 320 90 96 110 68 .4 81.1
10.20 355 90 84 .6 79 .6
10.30 355 90 8 4 .6 8 2 .0
11.00 355 8 4 .6 8 2 .0

1.00 P.M. 350 96 109 1 12 .2 7 4 .8
1.20 340 85 .8 79 .1
1.35 345 8 5 .2 81.1
1.4 350 91 .8 8 1 .6
1.50 360 9 9 .0 8 3 .0
2.00 380 132.0 8 0 .3
2.10 380 9 8 .4 8 4 .4
3.30 390 90 96 111 99 .2 7 9 .0

The analysis of the solutions of the set of experi
ments, of which the above is an exam ple, varied w ith
the relative quantities of slag and w ater charged, 
the rate of smoke supply, and to a large extent de
pended also on the tem perature of the gases.

The constituents of the solutions varied between 
the following figures:

M i n i m u m . M a x i m u m .

F c ......................  0 .5 4 %  .1.0%
S .........................  0 .4 9 %  2 .9 %
C u......................  0 .0 0 %  0 .8 %
S 1O2.......................................  3 .2 %

The average tem perature of the incoming smoke 
was 3 9 3 0 F. and th at of the discharged gases 9 2 0 F. 
Throughout the series the volum e of smoke treated 
varied between 90 and 2 3 5  cu. ft. per minute.

On the whole these tests were the m ost satisfactory 
as no trouble was experienced w ith  the apparatus 
or in the introduction and application of different 
conditions.

Succeeding the experim ents described, tests were 
instituted for the treatm ent of 5 00 0  cubic feet per 
m inute of smoke assaying 4 . 5  per cent. SO,, a volum e 
representing the total gases discharged per m inute 
from  a 3 5 - 4 0  ton M cDougal roaster.

The apparatus used consisted of a rotating cylinder 
36 feet long and 1 2  feet in diam eter, arranged as 
previously described. On account of an under
estim ate of the charge to be carried, the foundations, 
running equipm ent and apparatus generally were 
designed to sustain only a  fraction of the slag and w ater 
charge necessary to absorb all of the SO, in the smoke;
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our absorptions were therefore seldom greater than 
45-55 per cent, of the S02 in the smoke volum e. 
F or brief periods in one case we secured absorptions 
of 92 per cent, and 100 per cent. W e never approached 
a  satisfactory degree of elim ination of the S02 from  
the smoke, except at the expense of a breakdown 
w ith  this particular apparatus. The results obtained, 
however, were valuable as the basis for a successful 
design for a cylindrical apparatus.

A  stu d y of the set of results given below will show 
the trend of the experim ents and also m ake clear the 
lim itations of the apparatus used, when it is understood 
th at the entry “ Period of run— m inutes”  implies “ Period 
of an xiety  before smash-up— m inutes.”

The entry “ Slag required— theoretical” is a factor 
derived from the analysis of the solution, in considera
tion of the ratio iron dissolved to sulphur absorbed. 
The weight of iron dissolved is m ultiplied b y  2.7, a 
constant derived from the fact th at the w eight of 
slag w as approxim ately equivalent to 2.7 tim es the 
weight of iron contained in the slag treated.

“ Slag required” represents the q u an tity  of slag 
which w ould be required per minute, to exactly  neu
tralize the weight of S02 driven from  the furnace 
per minute. I t  is obvious th at in practice the mere 
presence of this figured am ount would be altogether 
inadequate to actually  neutralize the SO, given off 
m inute b y  m inute from  the furnace, since the whole 
of the mass is not instantaneously acted on. De
pending on the degree of subdivision, the constitu
tion of the slag and other physical and mechanical 
factors, a slag excess of 3,000 per cent, to 10,000 per 
cent, is requisite to effect a com plete elim ination of 
the SO , from  the smoke.

1 . 2 . 3. 4. 5.
P eriod  of ru n — m in u te s ... . 70 57 200 280 110
T em p, of gas, e n te r in g .. . . 250 425 400 387 250 0
Tem p, of gas d isch a rg e ... . 77 80 80 94 100 0
Tem p, of liquo r discharge 100 118 130 130
W ate r  supplied p e r m in., lbs. 620 396 359 138 270
T o tal Fe in soin., lb s ............ 479 208 604 732 652
T o ta l S in soin., lbs............ 309 307 656 594 548
R a te  of adding  slag  p e r m in. 3 0 .0 35 .3 22 .3 14.2 5 0 .0
Slag requ ired—

theore tical p e r m in . . . . .  
T o tal availab le  slag charged;

4 4 .3 19.4 3 0 .8 3 7 .8 3 7 .0

lbs.........................................
P e r cen t. SO2 absorbed of

2120 2015 4470 3998 5512

to ta l  passing  th ro u g h  ap-
p a ra tu s ................................ 3 8 .2 4 6 .S 3 9 .0 19.8 4 3 .3

A nalysis:
M illigram s F e p er 100 cc.

solu tion . ........................ 1008 924 1053 1897 2194
M illigram s S per 100 cc.

so lu tion ........................... 710 1360 1143 1540 1837
M illigram s Cu p e r 100 cc.

so lu tion ........................... 2 1 .4 10.5 15.0 15 .0 9 .1

B y  comparison of the above data it is seen th at the 
absorption of SO, tends to rise as the rate of charging 
slag is increased. Consideration of (2) and (5) would 
suggest also th at the absorption rises w ith the tem pera
ture; this indication is confirmed in other experim ents 
not given here. In (1) the tem perature is low and 
the absorption high; this is probably due to  the high 
rate of w ater supply combined w ith the com paratively 
high rate a t which the slag wool is charged.

In ordo.r to determine the practica.1 effect of m ain
taining the slag excess, which had been deduced as

the necessary am ount to ensure com plete absorption 
of all the SO , discharged from the furnace, during 
an y period, we commenced a cylinder experim ent b y  
introducing before starting operation, 1500 lbs. of 
slag wool. The results were as follows:

P e r i o d  o f  r u n , 10 m i n u t e s . 3 0 0  l b s . o f  s l a g  a d d e d  d u r in g  r u n .

R ate  of add ing  slag p e r m in ., lbs....................................  180 (com parative)
W a te r  supplied  per m inu te , lbs.......................................... 1195
P er cen t. SO2 ab so rb ed ...........................................................  100%
M illigrams Fe in 100 cc. s o lu tio n .....................................  1260
M illigram s S in 100 cc. s o lu tio n ........................................ 1050

A fter ten m inutes the apparatus was stopped, 
measurements made and samples taken. F ive m inutes 
later the apparatus was again started and operated 
15 minutes, a stop being necessary at the end of th at 
tim e on account of the great w eight accum ulated in 
the apparatus— principally liquor in excess of the 
pum p capacity.

The result a t the end of the second period was:

P e r i o d  o f  r u n , 15 m i n u t e s .

R ate  of adding  wool p e r  m in., lbs...................................  100
R a te  of add ing  w a ter per m in ., lb s.................................  1001
P e r cen t. SO2 ab so rb ed ........................................................  9 0 .2 %
M illigram s F e  p e r 100 cc .....................................................  908
M illigram s S p e r 100 cc........................................................ 1036

The experim ents stopped short of a com mercial realiza
tion of the process, due to circum stances not affecting 
the question of smoke elimination. However, the 
net results of the w ork sufficiently established the 
following facts:

(1) The acid gases of sm elter smoke can be effec
tiv e ly  neutralized b y  means of chilled slag, w ith the 
com plete elimination of flue dust from the discharge.

(2) The toxic action of the sm elter vapors and 
gases can be controlled b y  converting them  into 
constituents of harmless compounds and causing 
their deposit in an insoluble form  on waste land.

(3) In bringing about the control of the gases in 
the manner stated, it is both feasible and desirable 
to recover copper, lead and other values contained 
in the slag and in the smoke-.

(4) The conservation of by-products such as green 
vitriol, potash and soda salts, and silicic acid is possible 
where m arkets for the m aterial are not too far rem oved 
from  the sm elting plant.

(5) The indirect use of sulphurous sm oke in the 
treatm ent of w astes from  the concentrator in the shape 
of slimes and tailings, is sometimes feasible. The 
reaction given below will suggest the general procedure: 
F e 2(S04)3 +  S02 + 2H ,0 =  2H2S 0 4 +  2 F eS0 4. 
mH2S04 +  Cu2S +  2Fe2(S 0 4), =  2CuS04 +  4FeSO , + 
S +  mH2S04.

E l y , N e v a d a .

NOTES ON A STUDY OF THE TEM PERATURE GRADIENTS 
OF SETTING PORTLAND CEMENT.1

B y  A l l e r t o n  S. C u s h m a n .

The reactions th at take place when hydraulic ce
m ents are tem pered w ith w ater and while the m ix
ture is hardening are not as y e t understood. It  is 
true th at m any theories have been advanced in regard 
to the hardening process or processes but more data are

1 P ap e r p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 
C hem istry, New Y ork , S eptem ber, 1912.
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required before much th at now seems inexplicable 
can be understood.

Since all chemical reactions are accompanied by 
definite and measurable therm al changes, com plete 
tem perature records of hardening cements should yield 
interesting and valuable data.

It is well known th at if a Portland cem ent clinker is 
ground w ithout the addition of from 2 to 3 per cent, 
of calcic sulphate or gypsum  to act as a restrainer it 
will be “ flashy.”  B y  “ flashy” is m eant the tendency 
to harden very  quickly, so quickly  in fact th at in 
m any cases it is impossible to mold the w etted cement 
into a plastic mass. W hile this sudden hardening is 
going on, a considerable am ount of heat is generated 
so th at the mass feels hot to the hand. The tem pera
ture rises about xo° to 15 o C., but the heat reaction 
lasts only a short tim e and after cooling no further 
heat reaction takes place. W hen, however, a P ort
land cem ent has been properly restrained b y  grinding 
w ith it 2 or 3 per cent, of gypsum  (plaster) the con
ditions of therm al a ctiv ity  are changed in a quite 
extraordinary manner. On m ixing a normal Portland 
cem ent w ith  sufficient w ater to form a norm ally 
plastic mass, a certain am ount of heat is im m ediately 
disengaged although not so much as in the case of an 
unplastered cement. The plastic mass soon cools 
down to the air tem perature and generally falls some
w hat below the surrounding tem perature, showing 
th at a decided cooling effect is taking place. If now 
the plastic mass is allowed to • stand quiescent in a 
constant tem perature chamber, nothing of moment 
happens for a period of from four to eight hours, if 
the cem ent be a normal standard brand. A t  a given 
tim e however for every m ixture, a secondary heat rise 
begins and increases more or less rapidly to a definite 
m axim um. A fter this rise is com pleted the cement 
has attained its final set and a gradual cooling takes 
piace to the tem perature of the surrounding air and 
nothing further happens. If an imperfect, damaged 
or lum py cement is under observation the tem perature 
gradient for the rise m ay show . aberrations. T h at 
is to say, a sudden rise m ay be followed b y  a tem porary 
cooling only to be followed b y  another rise.

The wonderful effect of a small percentage of gypsum  
plaster in thus controlling and regulating the tem pera
ture gradients or reactions of setting cem ent is little 
understood and indeed presents certain anomalous 
occurrences for our consideration, as w ill be shown 
later on.

The first successful a ttem pt to record the tem pera
ture gradient of setting cement as far as the w riter 
has been able to ascertain was made b y  G ary who 
used a • photographic recording device which has been 
fu lly  described b y  B u rcartz.1 The m ethod consisted 
of placing the bulb of an ordinary glass therm om eter 
in the cem ent paste. The whole arrangem ent was 
enclosed in a box  through w hich a beam  of light was 
made to impinge through a slot upon the graduated 
stem of the therm om eter and then upon a traveling 
photographic film. As the m ercury rose or fell the 
beam  of light was cut b y  its shadow and thus a

1 Eng. Record, Dec. 11, 1909.
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continuous tem perature gradient was obtained.
The only criticism  of this m ethod that can be made 

is th at it calls for an expensive and delicately adjusted 
piece of apparatus which few  laboratories would care 
to install and in which the tem perature changes 
cannot be w atched while they are taking place. The 
apparatus used b y  the w riter is simple, com paratively 
inexpensive and can be installed and used in any 
laboratory for m aking daily records. The apparatus 
is shown in Fig. i.

A  double walled wooden box as shown in Fig. i  is 
used sim ply to avoid any sudden changes which m ay 
take place in the laboratory tem perature during a 
test run. A n ordinary so-called . "fireless cooker” 
such as can be bought a t any kitchen supply store 
answers very  well for this purpose. The recording 
therm om eter is of the T ycos typ e and consists of a 
copper-plated steel tapered m ercury filled bulb 9 cm. 
long b y  about 2 cm. in its m axim um  diam eter. The 
bulb is connected to the recording dial b y  a flexible 
steel capillary tube. The recording dial has a range 
from io ° t o  1200 F . The recorder is fairly accurate for 
the middle range and is easily calibrated and adjustable.

In ordinary tests as carried out in the w riter’s 
laboratory, 1 kilogram  of the neat cem ent is tem pered 
w ith 250 cc. of w ater to m ake a homogeneous plastic 
paste which is packed into a No. 2 open top tin  can. 
The therm om eter bulb is not inserted until the pri
m ary heat effect (which alw ays develops when cem ent 
is kneaded w ith water) is over, and the paste reaches 
approxim ately the same tem perature as the calorim 
eter box. In  the m eantime the copper-plated 
therm om eter bulb is smeared w ith vaseline and 
wrapped w ith several folds of fa irly  heavy tin foil. 
The object of these precautions is two-fold: (x) to 
guard against the “ freezing” in of the bulb when the 
cem ent hardens; (2) to overcome an y  possible pressure 
on the walls of the bulb if the cem ent shrinks or ex
pands during the hardening process. W ith  25 per 
cent, of w ater the consistency is som ewhat softer 
than the normal, but experience has shown th at the 
w etter m ixture gives better results under the con
ditions of the test. W hen all is ready the covered 
bulb is pushed into the cem ent paste, care being 
taken th at it is not pushed below the surface so th at
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the cem ent can close over the shoulder of the bulb 
and so imprison it when hardening takes place. W hen 
these precautions are taken the apparatus gives no 
trouble and the bulb is easily w ithdraw n from  the 
hard cem ent at the end of the test. The tem perature 
gradients are usually taken for a tw enty-four hour 
period, although this is not necessary unless the full 
cooling curve is desired.

In presenting these notes on the tem perature 
gradients of setting cements, it is not the intention 
of the w riter to draw an y conclusions at th is tim e in 
regard to the mechanism of the hardening reactions.

The curves obtained on the revolving scale are 
transferred to centigrade degrees and plotted in 
rectangular coordinates as is shown in curves r-32. 
A n inspection of the curves will show th at in some 
cases the tem perature gradients are m uch steeper and 
more sudden than in others. Curves 6, 7, 8 and 21 
represent cases in which the w ater was sim ply poured 
on to the dry cem ent w ithout previously kneading 
the mass to a paste. In  no case of this kind is a rise 
in tem perature noted following the final set or harden
ing, a t about seven to eight hours.

In the cases of some brands of cement, as is shown 
in curves 9, 10, 11 and 12, the rise in tem perature is 
constant and gradual to a  m axim um  which usually 
occurs a t about ten to eleven hours. In other cases, 
n otably in curves 17 and 29, the rise is sharp and 
sudden. A s both types of cem ent pass m uster in the 
standard tests, it is not possible at the present time 
to state w hat the ideal tem perature gradient curve 
for a cem ent should be.

T h at the m axim a and shape of the curves is modified 
b y  the addition of various salts to the tem pering w ater 
is shown in curves 13, 14, 15, 16, 17, 18, 19, 20 and 22.

Perhaps the most extraordinary curve is number 
19 which shows the heating effect produced b y  satu
rating the w ater w ith  calcium  sulphate. In this case 
the tem perature rose above the scale of the recording 
device and the test piece becam e uncom fortably hot 
to the hand. Since calcic sulphate is used as a re
strainer when ground w ith  a cement, this extraordinary 
effect of calcic sulphate solution is difficult to explain.

Curves 25, 26, 27 and 28 were from cements which 
did not stand test and had been rejected. The ab
norm ality of these curves is a t once apparent to the 
eye and furnishes the best argum ent as to the value of 
a study of the tem perature gradient as an additional 
m ethod of control in cem ent testing.

In conclusion, the author wishes to point out th at 
these notes on the study of tem perature gradients are 
offered not as data on which to establish theories but 
to  stim ulate other workers to include sim ilar investi
gations in their studies of the hardening of hydraulic 
cements.

I n s t i t u t e  o f  I n d u s t r ia l  R e s e a r c h ,
W a s h in g t o n , D. C.

COBALT D R IER S.1
B y  V .  P .  K r a u s s .

The cobalt compounds w hich are generally offered
1 P a p e r p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied 

C hem istry , New Y ork , Septem ber, 1912.

on the m arket to-day m ay be divided into tw o classes: 
In. the first are cobaltous oxide, acetate, sulphate, 
chloride, nitrate, hydroxide, and basic carbonate. In 
the second class are various grades and qualities of 
resinates (sometimes called sylvinates), both fused 
and precipitated, oleates or linoleates, oleo-resinates, 
tungates and resino-tungates, besides some other 
liquid preparations composed in whole or part of the 
foregoing.

From  the varnish m anufacturer’s standpoint the 
substances in the first division are crude m aterials 
which are utilized in the production of the compounds 
in the second class, and also in the preparation of 
some varnishes, liquid driers, drying oils, and the so- 
called paint oils. The m aterials enum erated under 
the second class are the result of a varnish m aker’s 
labor, and when properly m ade and used in m ixtures 
to which th ey are adapted give very  good results.

The inorganic salts of cobalt do not directly come 
under the scope of this paper, and thus will not be 
directly considered except inasmuch as their use as 
crude m aterial affects the driers into whose composi
tion they enter.

It  is only within the past year th at the cobalt driers 
have been offered to the Am erican paint and varnish 
m anufactureres. U p to the present tim e their use 
is not general, first, because of the very  high price, 
and second because their use is not thoroughly under
stood and m any experim enters have had unsatisfac
tory  results and therefore refused to -further consider 
the introduction of the new m aterial. Furtherm ore, 
not all of the cobalt driers, w hether liquid, paste, or 
solid, now offered for sale, are properly made and tru ly  
adapted to the purposes for w hich th ey are recom 
mended. This situation in addition to unsatisfactory 
results obtained b y  some of those experim enting, 
would naturally have a retarding effect on the intro
duction of a new typ e  of material.

The salts of cobalt which are a t our disposal in 
commercial quantities, are all of the cobaltous or 
divalent type. It  has been found th at although they 
can be readily used in thé m anufacture of driers and 
worked like the various compounds of manganese, 
lead, zinc, calcium , aluminum, etc., the organic com 
pounds formed, w hich are the basis and active prin
ciples of the so-called driers, are not efficient while 
in the cobaltous state. The cobaltic com binations, 
however, are very  active driers, and it is for the form a
tion of trivalent cobalt compounds th at we strive 
in the m aking of driers. This transform ation can be 
effected in several w ays. B y  blow ing cold, heated, 
or ozonized air through the hot cobaltous drier stock, 
or b y  the introduction of liquid or solid oxidizing 
agents. The use of cold or even heated air is a very 
long and tedious operation if carried out to the extent 
to which it is necessary in order to get the m axim um  
strength in the drier, and greatly  adds to the cost of 
an already expensive m aterial. The use of the liquid 
or solid oxidizers can be carried out successfully and 
in a com paratively short tim e, although even when 
great care is exercised the batch  of m aterial is in dan
ger of catching fire.
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Since driers are used in a num ber of industries in 
which drying oils form part of the m aterial produced, 
and since the operating methods of the various m anu
facturers are w idely divergent, the siccatives or driers 
adapted to each will in m any instances show w idely 
different characteristics, not m erely in form but also 
in composition.

Since the paint m anufacturer and also the practical 
painter who m ixes his own paints from paste colors 
and raw  or treated oil, are the principal consumers 
of w hat are generally known as driers, the m aterials 
adapted for their use m ay be first considered. The 
driers will, in practically  all instances, be in the liquid 
state, either very  fluid, of heavy consistency or of a 
semi-paste nature. In composition, they will mostly 
consist of resinates, tungates, oleates, or linoleates, 
or com binations of the three. F or the drying of lin
seed oil, when the proper driers are selected, little or 
nothing can be asked in addition to those known at 
present. W hen the general lead, manganese and other 
prevalent m etallic driers are well chosen, raw  linseed 
oil can w ithout an y difficulty be made to d ry b y  the 
addition of from 5 to 10 per cent, or even less, the 
time of drying under average w eather conditions be
ing from 10 to 24 hours. B y  the use of cobalt driers, 
the same drying effect can be obtained when only from 1 
to 3 per cent, of a liquid drier is used. I am not yet 
prepared to say positively w hat the ultim ate effect 
of cobalt driers is upon paint films, b u t from m y ex
periments I am led to believe th at cobalt has not the 
harmful progressive oxidizing action th at some of 
the usual manganese lead compounds have. I t  has 
also been noticed th at although a cobalt drier m ay 
be fa irly  dark in color, it will not have as darkening 
an effect as one of the usual driers of like color would 
have upon a  white paint. The cobalt driers like
wise show the same phenomena as some of the others 
when used in excessive am ount; th at is, although the 
paint film will set up well in the usual time, the drying 
action apparently reverses and the film remains tacky.

The terms applied to liquid driers are often uncer
tain and apt to be misleading. There are no general 
standards for strength or consistency, and, it m ust 
be adm itted, m any of the m aterials found on the m ar
ket contain more volatile thinners than is conducive 
to obtaining a m axim um  drying effect with a minimum 
qu an tity  of drier.

The value of the cobalt specialties depends not on 
their power to dry linseed oil, but on their ab ility  to 
m ake the lower priced sem i-drying oils act like it.

Soya, fish, and even com  and cottonseed oil are 
adaptable for use in paint, and when correctly treated 
increase its durability. Dr. M axim ilian Toch has 
published the results of his extensive research and 
experim ental work w ith both fish and soya oils, and 
there describes the types of driers suitable for them.

In the m aking of waterproof fabrics, insulating 
coatings, etc., both liquid and solid driers are used. 
In the linoleum, oilcloth, patent leather, artificial 
leather and sim ilar industries, the semi-liquid, paste, 
and solid driers are in demand since for these products

the m anufacturers cook the oils and varnishes in their 
own factories.

The paste and solid driers m ust essentially be con
sidered under the caption of crude m aterials because 
th ey m ust be churned or cooked in the oils or va r
nishes in which th ey are used.

The methods of m aking both solid and liquid driers 
are in general sim ilar in the first stage of the process, 
and thus m ay be described under the same headings.

R E S IN A T E  O F  C O B A L T , P R E C IP IT A T E D  A N D  F U S E D .

This is correctly made b y  saponifying rosin or 
colophony w ith caustic soda or sodium carbonate, 
care being taken to avoid  an excess of the reagent, 
and then precipitating w ith a solution of some salt 
of cobalt. The chloride or sulphate serve best for 
this purpose. The precipitated resinate, or as it is 
sometimes called, rosinate or sylvinate, m ust then be 
thoroughly washed and then pressed and dried. This 
will yield  a pinkish, fa irly  fluffy powder when ground, 
which will readily dissolve in oil a t a low  tem perature. 
The fused variety  is made b y  m elting the dried resinate 
in a kettle and then pouring into cooling pans. The 
operation is performed more rapidly b y  taking the 
cakes from the presses and driving off the w ater and 
fusing in one operation.

C O B A L T  O L E A T E S  O R  L IN O L E A T E S .

The basis of this class is generally linseed oil, a l
though walnut, perilla, soya, and some other oils m ay 
be used. The oil is thoroughly saponified w ith caus
tic soda and, like the resinate, precipitated w ith  a 
salt of cobalt. The m aterial is then carefully washed 
and pressed. I t  m ay be m elted to form a dark viscous 
h eavy fluid.

Several samples of cobalt linoleate which I exam ined 
consisted of bodied linseed in which small am ounts 
of inorganic cobalt salts had been dissolved. A n 
other was of the same order w ith the addition of vo la
tile solvents.

True linoleate of cobalt, when fused w ith varnish 
gum s and dissolved in volatile oils, yields an excellent 
drier.

O L E O -R E S IN A T E S .

This typ e of drier is made b y  m elting together the 
precipitated resinate and linoleate, sometimes w ith 
the further addition of fused fossil gum-resins.

T U N G A T E  O F  C O B A L T .

L ike the linoleates, the tungate of cobalt is made 
b y  saponifying pure China wood oil (tung oil) w ith 
caustic soda, care being taken to avoid  excess of caus
tic, and then precipitating w ith a salt of cobalt. The 
tungate is then washed thoroughly, pressed and 
generally dried and fused. Great care is necessary 
in the preparation of a tungate since it oxidizes very 
rapidly, and the oxidized m aterial is useless.

L ike the linoleate of cobalt, the tungate m ay be 
fused w ith the resinate to form w hat m ay be called 
a resino-tungate.

In  general, the foregoing substances are incorpora
ted in oils b y  means of heat, the com bining tem pera
ture being between 3000 and 5000 F. The am ount 
necessary will v a ry  from about '/ ,  per cent, to 5 per
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cent. In order to m ake liquid driers, the paste or 
solid driers can be m elted alone or in com bination 
w ith gum-resins, bodied linseed oil, or both, and then 
thinned to liquid consistency w ith volatile oils.

Am ong other cobalt salts, some of the chemical 
m anufacturers offer the acetate, w ith directions for 
its use as a drier. A ll agree th at between two- and 
four-tenths of one per cent, are necessary to dry lin
seed oil. The oil should be at a tem perature between 
3000 and 4000 F., and be carefully stirred until all 
the salt is dissolved. Soya and China wood oil m ay 
be sim ilarly m anipulated.

It  is still a little  too soon to m ake a positive state
m ent as to how oils thus treated w ith  the acetate 
w ithstand w ear and exposure.

Cobalt oxide, like the acetate, can be d irectly 
added to oil during boiling. I t  however dissolves 
slowly and necessitates heating to high tem perature; 
the resulting product is also very  dark, and m ostly 
consists only of bodied oil. Rosin also will directly 
combine w ith cobalt compounds on heating together 
in a suitable kettle or container. The product pos
sesses a num ber of objectionable features. It  still 
is m ostly unchanged rosin, has becom e much darker 
and lost considerably in w eight due to  volatilization. 
I .have tried the effect on oils of quite a num ber of 
cobalt compounds, b u t found none equal in efficiency 
to those described in the foregoing.

R e s e a r c h  L a b o r a t o r y ,
T o c i i  B r o t h e r s , N e w  Y o r k .

THE DEVELOPMENT OF HYDROSULPHITES IN THEIR 
RELATION TO MODERN DYESTUFFS.1

B y  P h i l i p  S. C l a r k s o n .

In 1869 when Schuetzenberger first made sodium 
hydrosulphite and in 1872 when he, together w ith 
Lalande, applied it to the preparation of indigo-white 
and introduced a v a t for indigo dyeing based on its 
use, a basic foundation was laid for the practical appli
cation to the fibre of the latest and the m ost desirable 
group of synthetic dyestuffs. These are now known 
technically as “ v a t colors” b u t some better term  should 
be applied to them  than one derived from the large 
vats or dye vessels necessary on account of the quantity  
of sediment in the old style m ethod of indigo dyeing. 
As is well known, these products are insoluble in w ater 
and require reduction, generally in an alkaline solution, 
to render them  soluble and suitable for use in the dye 
kettle. The old m ethods of ferm entation, etc., used 
w ith indigo are not applicable here and the hydro
sulphites are found to be the m ost satisfactory agents, 
being most energetic in reducing action, and in the 
form of their sodium salts giving no insoluble com
binations w ith the dyestuffs.

Before the discovery and invention of the now large 
group of v a t dyestuffs, the use of hydrosulphite in 
dyeing w as small, and the im provem ent in m anufac
ture of hydrosulphites not marked, but coincident w ith 
the discovery of new coloring m atters suitable for 
use in v a t dyeing came new interest in the use of 
hydrosulphites as discharging agents in calico printing.

1 P ap e r p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied  
C hem istry, New Y ork, Septem ber, 1912.

This led to the discovery of the formation of stable 
compounds w ith  form aldehyde for which the first 
Am erican patent appeared in 19041 followed b y  th at 
for the production of pure sodium hydrosulphite 
powder in 190s,3 th at for sodium form aldehyde sulph- 
oxylate in the same year and finally the two zinc 
salts in the year 19x1.

These m ay be said to represent the products now in 
com mercial use, the pure sodium hydrosulphite 
powder (N a2S204) representing the products used for 
dyeing, the form aldehyde compounds those used for 
printing and for discharging. These are as follows:

Sodium -form aldehyde-sulphoxylate, N aS02.CH20 + 
2H 30 , which is com m ercially known as hydrosulphite 
N F  conc., R ongalite C and hyraldite C extra, accordJ 
ing to the maker.
This is the compound 
of especial interest to 
the calico printers.

D i-z in c -fo rm a ld e -  
hyde sulphoxylate^
ZnS02CH j0 , is known 
to the trade as hydro- 
sulphite A  Z, decrolin 
or hyraldite Z. This 
is used only for strip
ping or rem oving dye- 
stuffs f r o m  d y e d  
materials.

Mono-zinc- fo r m a l-  
dehyde su lph oxylate/
Z n ( H S 0 j C H 20 ) 2, 
which is hydrosulphite 
A  Z soluble conc. This 
is used for the same 
purpose as the di-zinc 
salt, but is more effect
ive and is soluble in 
water.

The other com mercial m arks represent m ixtures 
w ith various substances for special purposes.

Practical Applications.— These comprise dyeing, 
printing, discharge-printing on dyed m aterials, and 
stripping or the rem oval of dyestuffs and coloring 
m atters from  previously dyed m aterial. The dye- 
stuffs w hich require the use of hydrosulphites are as 
com m only classed: indigo and substituted indigoes, 
usually halogen substitution for hydrogen; indigoids, 
those having the m olecular construction of indigo 
but having other replacem ents; and anthracene 
compounds.

Dyeing.— The m ethod of application for all these 
classes of dyestuffs is practically  the sam e; the dye- 
stuff is reduced w ith xz/j tim es to tw ice the am ount 
of sodium hydrosulphite in the presence of alkali to 
dissolve the leuco compound formed. This reduced 
dyestuff is then applied to the fibre in the well known 
manner and the color finally developed b y  oxidation. 
Various assistants are added to secure technically

1 U. S. P a te n t No. 769,593, D es Cam p.
2 U. S. P a te n t No. 793,559, B azlen  and  W ohlfart.
3 Ber. d. chem. Ges., 1 9 0 9 ,  p . 4657.
* B . F ran ., 435,260.
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depending m ainly on the proper construction and con
dition of the steamer, preferably a M ather-Platt. 
This m ust be arranged so th at all access of air is e x 
cluded and suitable steam  plates provided for heating 
so th at the interior is a t all tim es at a tem perature of 
io 2 ° - io 4° C. (see figure). W ith  proper conditions here 
and the usual care in m aking up the print colors failure 
is not to be anticipated. The present application of 
the v a t colors in the printing process depends on the 
use of sodium -form aldehyde-sulphoxylate. This is 
stable a t ordinary tem peratures and enables the pastes 
to be made up w ithout difficulty, and the prints from 
the machine are uniform throughout the length. On 
steaming, the sulphoxylate is liberated and at once 
reduces the dyestufl to its soluble condition in which 
it combines w ith the fiber. A fter steaming, the m aterial 
is treated w ith either soap or oxidizing agents which 
fu lly develop the color in an insoluble condition. B y  
the proper selection of dyestufis the printer can fur-

oxylate  in place of the zinc-dust-bisulphite m ixtures 
of the original formulas.

B u t the use of form aldehyde-sulphoxylate for 
discharging w hite patterns on m aterial dyed w ith  
indigo is the most recent and the most notable advance 
in the printing industry brought about b y  the use of 
hydrosulphites. I t  has long been known, and use has 
been made of the fact th at oxidizing agents would 
destroy indigo blue and render it colorless and all the 
discharge printing on indigo has been based on this. 
The great disadvantage has been, however, th at these 
agents also acted on the cotton fiber and the form ation 
of oxycellulose w ith  m aterial loss of strength has 
occurred. B y  the use of reducing agents this could 
be avoided but the difficulty was to rem ove the indigo- 
white produced in the pattern before it becam e re
oxidized.

In 1907 one of the foreign m anufacturers of indigo 
suggested the use of anthraquinones in the printing,

r*Ap

perfect results. The shades obtained are generally 
speaking much in advance of any previously known 
in regard to fastness to all injurious influences com 
bined w ith brilliancy of shade.

Printing .— It is in this branch of the art of coloring 
th at the m ost m arked change has taken place. P re
vious to the developm ent of the application of v a t  
colors in this in d u stry,‘ the dyer was far ahead ot the 
printer in the production of shades of extrem e fastness. 
Especially the m anufacturing and finishing process 
depends on the production of insoluble color lakes 
in the process of coloring. The hydrosulphite-vat 
color process of printing provides this nearly in per
fection. The required installation of m achinery is 
not extensive, the success or failure of the operation

nish shades w hich can be guaranteed as fast to light, 
washing, wearing and other injurious influences, in 
fact alm ost th at the color will last longer than the fibre. 
This condition has undoubtedly been brought about 
b y  the discovery and perfection of the hydrosulphite- 
form aldehyde compounds. This is the present state 
of the direct printing industry; now the printer is 
ahead of the dyer for he can work more econom ically 
and the results are in every w ay  satisfactory to the 
consumer. One of the very  apparent results is 
“ laundry-proof shirts for one dollar.”

The m ethod of discharging azo colors b y  the use of 
these salts has been used for sometime and cannot be 
said to have been very  recently developed— -only 
im proved b y  the use of sodium -form aldehyde-sulph-
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paste w ith  sodium form aldehyde sulphoxylate. This 
rendered the discharge more energetic and also hin
dered the reoxidation, but it was necessary to handle 
the m aterial very  quickly to avoid tarnishing the 
whites. The usual conditions of the printing rooms 
rendered the production of uniform results alm ost 
impossible and little  practical use was made of the 
process in this country.

However, in the last two years a notable advance 
has been made owing to the discovery that certain bases 
of the substituted ammonium typ e would combine 
w ith indigo w hite to form stable compounds which

higher cost the commercial product now represents 
the standard of indigo prints. The gain to consumers 
is in the same proportion: for the strength of the 
m aterial is not affected and after the garm ents are 
washed three tim es the whites are no longer holes but 
remain the original m aterial.

The zinc-form aldehyde-hydrosulphites are used solely 
for rem oving the dyestuff and-colors from  previously 
dyed m aterial and have little  interest for the phase 
of the subject under consideration. Their great 
advantage lies in the fact th at the strength of the fiber 
is not affected.

do not oxidize in the air. Further experim ents 
proved th at this property was characteristic of com 
pounds of certain tertiary  bases with benzyl chloride, 
its homologues and analogous bodies and their sub
stitution products. In the* presence of zinc oxide 
desirable reddish to yellow  shades can be obtained b y  
this method.

B u t in order to obtain w hite discharges the com
pounds obtained in the discharge process had to be 
m ade readily soluble. I t  was found th at this could be 
done b y  the substitution of a sulphonic group in the 
benzyl nucleus. The yellow  compound obtained b y  
using a substance of this nature in the form aldehyde 
sulphoxylate discharge paste is readily soluble in 
alkalies and being easily rem oved from the m aterial 
leaves the patterns clear.

Thus the problem  of satisfactory indigo discharges 
was solved. F or certain considerations the discharge 
m aterial is not sold as such but in com bination w ith 
sodium form aldehyde sulphoxylate as hydrosulphite 
C L  or rongalite C L, according to the maker.

The practical m ethod of handling is simple. The 
discharge pastes are m ade up w ith  20 per cent, of the 
sulphoxylate discharge compound, 8 per cent, zinc 
oxide, 4 per cent, anthraquinone, 3 0  per cent, paste, 
w ith suitable thickening. The m aterial is printed, 
dried, steam ed in the before described steam er for 3 - 5  

m inutes a t i o o ° - i o 3 0 C . ,  washed in hot water, then 
passed through an alkaline bath, washed and dried. 
In this process, the pastes are perfectly stable and 
after printing and steam ing the m aterial can be left 
indefinitely before clearing. The w riter kept a piece 
for two m onths before clearing and the resulting 
whites were perfect.

The process has been adopted b y  the largest indigo 
printers in this country. In spite of the fact of the

The increase in the use of hydrosulphites and the 
form aldehyde compounds has been m ost m arked and 
the probable consumption in the textile  industry in the 
U nited States for the year 1911 was not far from one 
million pounds.

N e w  Y o r k  C i t y .

THE EFFECT OF “ LIME-SULPHUR”  SPRAY MANUFACTURE
ON THE EYESIGH T.1
B y  J a m e s  R .  W it h r o w .

A bout two years ago, the w riter w as called upon to 
take charge of the installing of a "L im e-sulphur” 
departm ent for a m anufacturer engaged in other lines 
of chem ical m anufacturing. Prelim inary to starting 
industrial experim entation, a very  thorough laboratory 
study had been carried out b y  the m anufacturer’s regular 
chemist. This w ork reviewed in a  most capable 
manner about all the recomm endations of recent 
chemical and experim ent station literature concerning 
“ lim e-sulphur”  preparation. A s a result of this 
w ork a form ula was evolved, which was used as a 
basis for m anufacturing experim ents. The laboratory 
experim ents them selves were never m ade in larger 
than five-gallon apparatus. The writer witnessed, 
from tim e to time, these experim ents or portions of 
them  and a t no tim e noticed anything causing dis
com fort. The laboratory assistant, who did m ost of 
the experim ental work for the com pany’s chem ist and 
w as constantly in contact w ith  the m aterial and its 
fumes, never noticed an y effect or discom fort a t an y 
stage of the laboratory work, w hich extended through 
several months. To be sure, there was the ever present 
odor of hydrogen sulphide or a t least a sim ilar odor. 
This was never offensively strong. A t no tim e was it

1 P a p er presented a t the E ig h th  In tern ation al Congress of A p p lied  
C hem istry, N ew  Y o rk , Septem ber, 1912 .
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so noticeable as to com pel enforced ventilation.
The w riter’s business was to accept the w ork as 

com pleted in the laboratory and transfer it to  factory 
operation. The first factory experim ental runs were 
made on about a 12-barrel scale. These experim ental 
cooks were made to get factory  scale data for con
struction work and also to uncover an y unforeseen 
operation difficulties. The product had varyin g spe
cific g ra v ity  from 450 to 320 Bé., depending on the 
purpose of the experim ent. The final solution of 
calcium  polysulphide or so-called “ lim e-sulphur” 
contained about 25 per cent, sulphur and about the 
equivalent of 10 per cent, calcium  oxide, when the 
specific g ra v ity  was about 33 0 Bé. Tw elve barrels of 
this product therefore would contain 1625 pounds of 
sulphur and the equivalent of 650 pounds of lime.

The first few  cooks aroused no com ment from 
em ployees about the building, which was a large one 
of four stories, beyond w hat would come from  persons 
unaccustom ed to hydrogen sulphide. In the course 
of the n ext week or two, however, the w eather had 
become quite cold and the normal ventilation b y  means 
of the windows was much diminished. A gain no 
particular effect w as noticed a t first. The “ cook” 
digester was a  steam  jacketed  cylindrical tan k roughly 
S' X s'  and supplied w ith a cover and a small ven ti
lating pipe. This pipe was inadequate for proper 
ventilation of tan k and w ould have been useless a n y 
w ay, for the top of the “ cook”  tan k was usually open 
during the experim ental runs for observation purposes. 
The man in charge of the cooks usually stationed 
himself a t the opening to become fam iliar w ith  boiling 
conditions within the tan k  during the various runs 
under different conditions.

W ithin a cook or two, after the windows were closed 
to diminish the cold conditions, the man in charge of 
the cook became aware of a sm arting sensation in and 
around the eyes. The eyelids became red. The 
writer was constantly about the tank, b u t was only 
occasionally a t the tan k  opening and felt little  or no 
discomfort, though there was a slight burning feeling 
about the eyes. The room became p artia lly  filled w ith 
condensed steam  at tim es and finally about 8.00 p . m . ,  

during a slightly prolonged run, the w riter noticed th at 
the am ount of vapor in the room was greater than 
usual and th at the incandescent electric lights had a 
halo of some eighteen inches in diam eter when viewed 
through the fog: the halo tended to have rainbow 
colors. A n hour or tw o afterwards, the w riter found 
the same conditions as to fog and halo to exist in his 
room in his hotel and concluded th at his eyesight was 
affected. Cold w ater was applied liberally and he 
turned into bed and went to sleep at once. In  the 
morning the blurred eyesight was about as bad as the 
evening before. The foreman, who stood a t the open
ing of the cook tank, had gone home at the end of the 
run at the tim e the w riter did. He was unable to 
report for work next day. His eyes were much in
flamed and were too sensitive to light to open them. 
He said th ey pained and felt g ritty  under the eyelids. 
H e was back at work again in a couple of days. In  the 
case of the writer, w ith the liberal use of saturated

boric acid solution, the blurred vision gradually re
turned to normal during the course of a w eek’s absence 
from the m anufacturing operation. There was a 
recurrence of the blurred effect a t another time, which 
rendered vision alm ost impossible, but it rapidly wore 
off and a t no tim e was there any pain. The foreman 
never again had an a tta ck  after his initial experience. 
None of the workmen were affected after proper pre
cautions were taken.

A t  one tim e however, when a batch was being con
centrated b y  boiling down, the cover was thrown 
open to expedite evaporation. In  the same room 
some distance aw ay, two workmen were barreling off 
finished product. B oth  the foreman and m yself were 
actively  engaged about the cook tank and were 
p ractically  unaffected. Of the tw o workmen m en
tioned however, the thin one was very  much affected 
and said he suffered agony all night and next day, 
while the corpulent one was entirely unaffected. 
Other workmen were in and out during the cook but 
none were affected. The one of the tw o mentioned 
above as unaffected has, since starting regular opera
tion in the new plant and in fact during the rest of the 
experim ental runs, been in active charge of the “ cooks” 
and has never become affected, beyond possibly a 
slight reddening of the eyes.

No one a t all has been affected in an yw ay since the 
new plant was installed w ith its ample facilities for 
ventilation. Inquiry directed to other m anufac
turers disclosed sim ilar experiences. One m anu
facturer’s experience was so bad th at he a t once 
knocked one side out of his cooking room. This is 
undoubtedly effective, b u t from the w riter’s experience 
unnecessary. A ll that is required is a hood over the 
cook tank, which will carry all vapors out doors, and 
a “ cook” room which is high ceilinged and reasonably 
well ventilated. Providentially the copious evolution 
of steam  has caused most plants to provide hood- 
covered tanks, thus avoiding the unexpected trouble 
we are discussing.

A  search of the literature of “ lim e-sulfur”  available 
to the writer found no mention of the effect of the 
eyes. The suggested reactions to explain the action 
of sulfur on calcium  hydroxide and water, varied as 
th ey were, gave no clue to w hat m ight have been the 
body w hich gave rise to the trouble. During a sub
sequent stud y of polysulfide literature in general, 
however, it was found that Bloch and his pupils1 had 
prepared polysulfides of hydrogen of the formulas 
H jSj and H 2S2. The latter is formed b y  heating the 
former and is easily volatile. The fumes of these 
polysulfides are said to have a penetrating disagreeable 
odor and their vapors attack  the mucous membranes. 
Thorpe says their vapors attack  the eyes.2 T h ey  are 
decomposed b y  alkalies and therefore would not 
exist very  long in 'th e  lime-sulfur cook, but if th ey  
were being given off in mere traces, continuous expo
sure to such fum es would naturally cause discomfort.

Hydrogen- sulfide itself, however, m ay have been 
the cause of the trouble. I t  has been shown to be a

1 Ber. d. chem. Ges., 41, 1961; A m . Cheni. J . ,  41, 155.
2 Diet. A pp lied  Chem.. 3, 699 (1893).



product of the evaporation of a solution of Calcium 
polysulfides.1 H ydrogen sulfide could not likely have 
been the cause, unless the sym ptom s of H ,S poisoning 
recorded are the effects of only sudden or brief exposure 
to large amounts of the gas and th at prolonged ex
posure to dilute H 2S would cause a different series of 
violent sym ptom s. This latter assum ption does not 
appear probable for in such cases where H 2S was per
m itted in the atmosphere of laboratories in small 
amounts, the usual sym ptom s, only not so pronounced, 
were the result. The only recorded sym ptom  of 
hydrogen sulfide poisoning observed in the cases 
under discussion was the occasional occurrence of 
headache. This was to be expected, since hydrogen 
sulfide was itself being evolved to some extent.

I t  should be mentioned, however, th at K . B. L eh
m ann3 mentions cases where ‘ ‘ intense irritation of 
eyes, nose and th roat”  'occurred w ithin five to eight 
m inutes of exposure to a concentration of 0.3 per 
thousand of hydrogen sulfide, b u t no affection of the 
sight is mentioned even in this extrem e case. In  long 
exposure to lower concentrations, such as would cor
respond w ith  the case of hours of exposure in lime- 
sulfur cooking, the action recorded is on the respiratory 
tract. These sym ptons appeared entirely absent in 
the lim e-sulfur cases as also were all the other common 
sym ptom s (except headache), such as muscular 
weakness, etc. A  tendency to conjunctivitis, a sym p
tom  of chronic hydrogen sulfide poisoning, m ay have 
been present in the case of the man in charge of the 
cooks. He w as the man, however, whose eyesight 
itself w as never affected. The w riter has suffered at ' 
other tim es in the last six years, m ost of the sym ptom s 
of slow hydrogen-sulfide poisoning, due to inadequately 
ventilated, over-crowded and poorly arranged univer
sity  laboratories, but the sym ptom s in. the lime-sulfur 
experience were quite different. In  fact the usual 
m uscular weakness and general depression as caused 
b y  hydrogen sulfide were not experienced a t all in the 
lim e-sulfur m anufacture. I t  should be m entioned also, 
th at the writer has been informed th at attendants at 
"su lphur” baths have had their eyesight tem porarily 
affected in a sim ilar fashion. V olatile polysulphides 
m ay be present in this case also, although th ey have 
not been proven to the w riter’s knowledge to be present 
in either case. This w ould be an interesting point 
for some favorab ly situated person to develop.

I t  seemed possible therefore th at these hydrogen 
polysulphides m ight have been the cause of the action 
on the eyesight of the vapors from the boiling of a 
m ixture of sulphur, lime and water.

I t  m ay be stated a t this point th at this indication 
of the presence of hydrogen polysulphide in the vapors 
of the lim e-sulphur cooks m ight have an influence 
upon the solution of the problem  of the actual reactions 
involved in lim e-sulphur preparations, a mooted 
question a t the present time. The trouble w ith  the 
eyesight alw ays cam e when a batch was being con
centrated b y  evaporation before filtration and not 
during ordinary cooks.

1 D ivers, J .  Chem. Soc., 1884, p. 284.
2 A rch . F . H ygiene, B d. X IV , 1892, 135; B ly th , “ Poisons, T heir 

E ffects an d  D e tec tion ,”  3rd . E d ., C. Griffin an d  Co., London, p. 73.
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It  seemed w orth while to record these facts as a 
warning, a t least, as to the serious dangers of lime- 
sulphur m anufacture in the absence of adequate 
ventilation. This is all the more necessary since it is 
probable that attention has not already been frequently 
called to the m atter, because ordinary ventilation 
precautions only, are necessary to avoid  all trouble, 
and therefore the average m anufacturer has not had 
the experience or it has appeared so seldom th at the 
isolated affections of a  workm an now and again m ay 
have been attributed  to som ething else. I t  is' worth 
noting also because the mere occurrence of a cold 
spell of w eather gave the opportunity of experiencing 
this difficulty possible in lime-sulphur m anufacture, 
so th at otherwise it m ight never have occurred at this 
plant or only in such isolated cases as to destroy any 
connection between cause and effect.

D e p a r t m e n t  o f  C h e m is t r y ,
O h io  S t a t e  U n i v e r s i t y ,

C o l u m b u s .
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PHENOL-FORMALDEHYDE CONDENSATION PRODUCTS.1
B y  L. H . B a e k e l a n d .

The resinaus or amorphous products resulting from 
the action of phenolic bodies upon form aldehyde have 
lately  attracted  considerable attention on account of 
their rapidly increasing applications for industrial 
purposes.3

It  is questionable w hether this general designation 
of “ condensation products of phenols and form alde
hyde”  should be m aintained m uch longer. Indeed, 
it is well known th at these products can be obtained 
w ithout the use of so-called form aldehyde. In  fact, 
the first condensation products thus described were 
produced w ithout the use of form aldehyde,■* and it is 
generally accepted th at other m ethylene compounds, 
for instance, m ethylal, trioxym ethylen, hexam ethyl- 
entetram in, etc., can replace form aldehyde in this 
reaction. The fact th at hexam ethylentetram in can 
suitably replace form aldehyde in the form ation of the 
infusible phenolic condensation products was pub
lished as far back as Decem ber 31, 1907, b y  Lebach.*

L ately, I have succeeded in producing fusible resi
nous condensation products identical w ith those 
described b y  Blumer, DeLaire, e tc .,5 b y  introducing 
a m ixture of salicylic acid and an inorganic acid in 
the cathode com partm ent of an electrolytic cell in 
which sodium chloride is electrolyzed, a m ercury 
cathode being used. According to the well known 
reaction of K olbe, the carboxyl group of salicylic acid 
is introduced b y  reacting w ith C02 on phenolate of 
sodium, so th at we have here an exam ple of the 
possibility of introducing indirectly the m ethylene 
group as C02, then reducing the carboxyl group b y  
means of nascent hydrogen. A  sim ilar observation

1 P ap er p resen ted  a t  th e  E ig h th  In te rn a tio n a l Congress of A pplied  
C hem istry, New Y ork , S eptem ber, 1912.

2 B aekeland, T h i s  J o u r n a l , 1, No. 3, 149 (1909); No. 8, 545 (1909); 
3, N o. 12, 932 (1911).

3 Ber., 5, 1905; 19, 2009, 3004; 25, 3477; 27, 2411.
* K noll p a ten t, Belgium , No. 204,811, D ecem ber 31, 1907. D itto . 

W e tte r  (K noll) B ritish  p a te n t, N o. 28,009, 1907, ow ned b y  th e  B akelite  
G esellschaft of B erlin .

5 B aekeland, T h i s  J o u r n a l , 1, 545 (1909).
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has already been recorded b y  V elden,1 who expected 
to get oxybenzyl-alcohol b y  reducing salicylic acid 
b u t obtained the corresponding saliretin-body result
ing from  the dehydration of phenol alcohol.

H ow ever, the designation “ phenol-form aldehyde 
condensation products” has been so generally used, 
th at for a while at least, we shall have to subm it to it 
as a m atter of routine.

In the same w ay, we are erroneously designating 
as “ form aldehyde” a com mercial aqueous solution 
containing some real form aldehyde or m ethylen-oxide, 
C H ,0 w ith much m ethylen-glycol, m ethylal, trioxy- 
m ethylens, hydrates of trioxym ethylens, other poly- 
oxym ethylens, etc., all compounds of m ethylen of 
which the technical value is equivalent in this reaction 
to th at of true form aldehyde.1

The direct relationship of the resinous condensation 
products to phenol alcohols or their anhydrides seems 
now p retty  well established. The so-called fusible 
soluble resinous condensation products are m erely 
varieties of the saliretins,3 and all these products 
differ from each other only b y  greater or lesser fusibility, 
solubility, or hardness, and each of these properties 
can be modified at will. Furthermore, we have the 
means at hand of producing all these bodies directly 
from phenol alcohols.'»

The form ation of ortho- and para-oxybenzyl-alcohol, 
or their homologs, b y  Manasse and Lederer, is suffi
ciently well know n;5 this process consists in the direct 
action of one molecule of phenol on one molecule of 
form aldehyde in presence of one molecule of N aOH  
under special conditions.

Then D eLaire6 showed th at these same phenol- 
alcohols can be transformed industrially, b y  dehydra
tion, into fusible resins or saliretin products suitable 
for commercial purposes in place of shellac, copal, or 
other natural resins. In th at process, it is not neces
sary to first produce the phenol alcohol in pure form, 
and the two reactions can be carried out practically  
a t the same time, so that the phenol alcohol is dehy
drated to saliretin resins as soon as it forms.

This is accomplished more directly b y  reacting w ith 
phenol on form aldehyde in presence of an acid,’  pro
vided the reaction be carried out under suitable con
ditions. One of the required conditions is th at the 
phenol should be in excess so as to avoid the form ation 
of variable am ounts of infusible and insoluble products. 
A  fusible soluble saliretin can thus easily be prepared

1 V elden, J .  prakt Chemie, [2] 15, 164; Jahresbericht, 1877, 337.
2 R aikov, Chem. Z tg., 26, 135 ; 12, 11 (1901). Kekuld, Ber., 25, 2435. 

H arries, Ber., 34, 635; Compt. rend., 124, 1454; B ull. soc. chim ., 17, 849. 
F . A uerback, also  A uerbach and  B arschall, Arb. ka is. Gesundh. B and , 22, 
H e ft 3 and  B an d  27, H e ft 1. V erlag Ju liu s  Springer, B erlin .

3 B eilstein , Organ. Chemie, 2, 1109 (1896). R . P iria , A n n . Chem., 48 , 
75; 56, 37; 81, 245; 96, 357. M oitessier, JaJiresbericht, 1886, 676. K . 
K ra u t, A n n . Chem., 156, 123. G crhard t, A n n . Chim . P hys., [3] 7, 215. 
F . B eilstein  and  F . Seelheim, A n n . Chem., 117, 83. C. Scho tten , Ber., 1878, 
784.

« B aekeland, 1, No. S, 545 (1909).
8J .  prakt. Chem., [2] 50, 224. B er., 1894, 2409-2411. D . R . P . 

B ayer, 85,588;.U . S. P . M anasse, 526,786, 1894.
o D eLaire, B ritish  P a te n t  15,517, 1905 ; D. R . P. 189,262.
7 B lum er, B ritish  P a t.  6,823, 1903; 12,880, 1902. D eLaire, F rench  

P a te n t 361,539. W ette r  (K noll), B ritish  P a te n t, 28,009, 1907. K noll, 
F rench  P a te n t 395, 657; B ayer, D . R . P . 237,786; D . R . P . 201,261; 
B ritish  P a te n t, 26,317, 1907, e tc .

which has all the appearances of a resin; it m elts if 
heated and solidifies b y  cooling; it is soluble in alcohol 
and acetone; it can be m aintained in fusible condition 
for very  long periods w ithout becoming infusible or 
insoluble, provided heating be carried on below certain 
tem peratures, and provided the excess of phenol be 
not removed. This fusible resin and its preparation 
has been described b y  Blumer, and D eLaire as a 
“ shellac su bstitu te,”  or “ resin substitute;” 1 b y  B aeke
land, who calls it “ N ovolak;” 2 and lately  again b y  
Aylsw orth, who calls it “ phenol resin,” 3 In w hatever 
w ay  it be obtained, w hether b y  using a phenol alcohol 
(DeLaire, Baekeland), whether b y  starting from phenol 
and form aldehyde in the presence of oxy-acids (B lu
mer), or in the presence of mineral acids (DeLaire, 
Thurlow, Bayer), or b y  the action of phenol on for
m aldehyde w ithout adding condensing agents (Story)* 
or (A ylsw orth)1 the product is absolutely the same in 
its chem ical and physical properties. Its m elting 
point or fusibility m ay be modified at will b y  varying 
the am ount of free phenolic body. This free phenol 
exists in solid solution in the mass and can be elim i
nated b y  m erely physical m ethods; b y  the partial 
elimination of this free phenol, the fusibility and the 
solubility of the resin are decreased. The last traces 
of free phenol cling tenaciously to these saliretin resins; 
so much, indeed, th at a t one time, I was inclined to 
believe th at this small am ount of phenol was chem ically 
combined. Indeed, the last traces of phenol cannot 
be expelled b y  heating a t the lower m elting tem pera
tures of the product. There is nothing strange in this, * 
if we take into consideration th at phenol itself has a 
relatively  high boiling point, and we know  of numerous 
exam ples where colloids retain, physically, small 
am ounts of other bodies which form therewith colloidal 
solid solutions. A s long as there is some excess of 
phenol present in the saliretin, it is possible to m aintain 
the mass in fusion for a practically  indefinite tim e, 
provided the tem perature be not raised too high. 
Pure saliretin, containing no excess of phenol, m ay be 
kept in fusion for some time, but after a while it 
polym erizes and becomes less fusible until finally it 
changes into some infusible product. H owever, it 
should be noted right here th at this latter product, 
although it is infusible, does not possess the m axim um  
m echanical strength nor hardness, nor general chem ical 
and physical resistivity, of those other polym erized 
infusible products, of which I will speak later on, and 

'w hich are obtained b y  reacting w ith a sufficiently 
larger am ount of form aldehyde, or equivalent m ethylen 
compounds, and which have been designated as Bake- 
lite C.

It is possible to  expel the slight excess of phenol 
which lends special fusibility to the so-called fusible 
resins; this can be accomplished whether these resins 
be called “ shellac substitutes,”  “ N ovolak,”  or “ phenol 
resins,”  or whether th ey be made directly from phenol 
alcohols, or from  phenol and form aldehyde w ith  or

1 Loc. cit.
2 T h i s  J o u r n a l , 1 9 0 9 , 5 4 5 .
3 U. S. P a te n t 1,029,737.
4 A u strian  P a te n t 30,844, page 2, lines 17-20.
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w ithout acid condensing agents. Indeed, plain heating 
at 300° C to 350° C. or better, heating in  vacuo, or 
in a current of an inert gas, like nitrogen, easily expels 
the free phenol, and produces infusibility. The same 
result is readily obtained b y  entraining the free phenol 
b y  blow ing superheated steam  through the molten 
resinous mass.

These facts are corroborating proofs to others 
which establish clearly the saliretin-nature of these 
fusible products, and dem onstrate their relationship 
to the phenol alcohols from which th ey are derived. 
I f these fusible resins are prepared directly from 
phenol and formaldehyde, the prelim inary formation 
of phenol alcohol m ay escape our notice, because by 
the action of heat on the m ixture, especially in presence 
of acid bodies, the phenol alcohols are rapidly de
hydrated  to  saliretin products. B u t it is quite possible 
to  dem onstrate their presence, and m y assistant, Dr. 
A . H. Gotthelf, while preparing fusible resinous con
densation products, b y  boiling a m ixture of phenol and 
form aldehyde, acidulated b y  means of H C1, has been 
able to extract from this m ixture well defined crystals 
of oxybenzyl-alcohol before the heat had accomplished 
its resinifying action.

I t  is self-evident th at as soon as high tem peratures 
are applied to such m ixtures, the formed phenol 
alcohol will qu ickly  undergo resinification, because 
the phenol alcohol will be dehydrated to a saliretin 
product as soon as it is formed.

If there is an excess of phenol present, or if the 
form aldehyde reacts in insufficient proportions, which 
am ounts to the same thing, a fusible saliretin will be 
the result.

In  the absence of an excess of phenol, but using 
however, a restricted am ount of form aldehyde or 
other m ethylen compound, a polym erized infusible 
saliretin will be produced.

B u t whenever we succeed in  bringing into reaction a 
sufficient amount of formaldehyde or its equivalent, then 
a much harder, much stronger and more resistive 
infusible body than an infusible saliretin, will be 
formed, and this body of m axim um  strength and 
resistivity is identical w ith Bakelite C.

If we first produce the pure crystalline phenol 
alcohol, containing no excess of phenol, for instance 
crystalline saligenin or oxybenzyl-alcohol, and if we 
heat it gently, it w ill sim ply dehydrate and be trans
formed into a fusible mass w hich on cooling solidifies 
to a resinous product— a fusible saliretin resin. The 
latter subm itted to the further action of heat polym 
erizes and becomes an infusible, insoluble saliretin. 
This polym erization is facilitated b y  the presence of 
small am ounts of catalyzers, for instance, hydro
chloric acid. The presence of an excess of phenol 
retards polym erization, hence the infusibility induced 
b y  polym erization will be retarded, and this until in some 
w ay  or another the excess of phenol has been expelled. 
The infusible polym erized saliretin obtained b y  heating 
phenol alcohols containing no free phenol, or b y  heat
ing fusible saliretin containing no free phenol, is in
soluble in alcohol, b u t swells in acetone; it softens 
decidedly on heating, although it is no longer fusible.

Longer heating does not harden it further, nor make 
it more resistive. I t  is harder, stronger, and more 
resistant to physical and chem ical agents than the 
fusible saliretin from which it is derived ; in this respect, 
it surpasses even more the soluble fusible resins de
scribed b y  B lum er,1 D eLaire,1 B aekeland,1 and called 
“ phenol resin” b y  A ylsw orth .1 B u t even after p oly
m erization or hardening has been carried as far as 
possible, it is considerably less hard, less strong 
and less resistant to physical and chem ical agents than 
the polym erization products resulting from the reaction 
of phenol on a sufficiently larger proportion of form al
dehyde or equivalent substances.

P h e n o l  4- f o r m a l d e h y d e  ( o r  e q u i v a l e n t s ) u n d e r  v a r y i n g  r e a c t i n g  

c o n d i t i o n s  f o r m  d i f f e r e n t  b o d i e s .

G ROU P I.
I n i t i a l  o r  P a r t ia l  C o n 

d e n s a t io n  P r o d u c t  o r  P r o d 
u c t  A :  l iq u id ,  p a s t y  o r  s o l id ,  
b u t  f u s ib le  a n d  s o lu b le .

G R O U P I I .

P h e n o l  A l c o h o l s : oxy
benzyl-alcohol, saligenin, etc.

P r o d u c t  B : o r  i n t e r 
m e d i a te  p r o d u c t :  b r i t t l e  
w h e n  c o ld ,  e l a s t i c  w h e n  
h o t ,  b u t  i n f u s ib le ;  s w e l ls  
i n  a c e to n e  w i t h o u t  d i s s o lv 
in g .  B y f u r t h e r  a p p l i c a 
t i o n  o f  h e a t  is  t r a n s f o r m e d  
in  f in a l  P r o d u c t  C.

o O
•S W 
■S, H •2 W
a s

a  &

§  *
W 9.
M 5; 
w u

F i n a l  P r o d u c t  C: infusible, in
soluble and  of m axim um  hardness, 
s tren g th  and  resistiv ity . Called 
b y  d ifferent au tho rs: “B akelite  C,” 
“ F ina l condensation  p ro d u c t,” 
“ U ltim a te  infusible p ro d u c t,”
“ Infusib le phenolic-condensation 
p ro d u c t.” H ardness, s tren g th  and  
re s istiv ity  decidedly superio r to  
th a t  of th e  end p ro d u c t of G roup 
I I .

P ro d u cts  of dehydra tion : F usi
b le and  soluble, w ith  o r w ithou t 
excess of phenol; called b y  d iffer
en t au tho rs , “ Saliretin , o r S a l i r e - 
t i n - R e s i n s  ;”  “ S h e l l a c  o r  R e s i n  

S u b s t i t u t e s ”  (B lum er, DeLaire, 
e tc .) ;  “ N ovolak” (B aekeland); 
“ P heno l-resin”  (A ylsw orth).

A ction  of CHuQ or 
equivalentr

M E T H O D  H I.

P o l y m e r iz e d  S a l i r e t i n s ; sub 
stances of lim ited  so lub ility  o r in 
soluble and  of h igh m elting  p o in t o r 
infusible. L ess h a rd , less s trong , 
and  less resistive  th a n  B akelite  C.

In order to obtain the latter polym erization products 
of m axim um  strength, hardness, and m axim um  re
sistivity, an adequately larger am ount of m ethylen 
group m ust be introduced before or during the act of 
polym erization. The introduction of this m ethylen 
group m ay be accomplished b y  at least three distinct 
methods:

First: R eacting directly w ith a  sufficient am ount 
of form aldehyde (or its equivalents) upon phenol.

1 Loc. cit.
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Second: Reacting w ith form aldehyde (or its equiva
lent) on phenol alcohol.

Third: Producing a  fusible dehydration product of 
phenol alcohols or saliretin products, then reacting 
thereon w ith  form aldehyde or its equivalents.

The preceding diagram  describes very  well all these 
relations:

F IR S T  O R  D IR E C T  M E T H O D .

Direct Action of Phenol on Formaldehyde.— Phenol 
can be made to react on form aldehyde or its equiva
lents at sufficiently high tem perature to produce 
directly an infusible, insoluble polym erization product 
of m axim um  strength and hardness (B akelite C). 
In  this reaction, the main requirement is th at a suffi
cient am ount of form aldehyde or its equivalents 
shordd enter into reaction. For this purpose, it is not 
necessary nor sufficient th at the required am ount of 
form aldehyde be m erely present; because some of the 
form aldehyde m ay not enter into reaction or be lost 
during the operation. The principal requirement is  
that the formaldehyde should react in sufficient amount on 
at least a portion of the phenol present, even if some of 
the latter remains uncombined in the mass.

B y  the use of suitable methods, this reaction can be 
interrupted at its initial stages so as to produce initial 
or partial condensation products w hich are tem porarily 
fusible and soluble before further application of heat 
has changed them. These initial condensation pro
ducts m ay be liquid, or pasty, or under specially favor
able conditions, for instance b y  the use of small amounts 
of some bases, th ey m ay be prepared in solid form. 
A t an y rate, th ey  are soluble in alcohol and acetone, 
and the solid variety  is fusible. These fusible soluble 
initial products should not be confounded w ith the 
further advanced and interm ediate product B, as 
described in m y paper on “ The Synthesis, Constitution 
and Uses of B akelite,” 1 because the latter is insoluble 
and infusible, although it has not acquired the m axi
mum hardness and resistivity which further application 
of heat will bring forth b y  changing it to condition C.

Further action of heat upon these fusible and soluble 
initial condensation products will u ltim ately cause 
polym erization and produce the final infusible and 
insoluble product of m axim um  hardness, m axim um  
strength, and m axim um  chem ical resistivity (Bakelite 
C).

B y  heating m ixtures of phenol and form aldehyde 
in suitable proportions a t sufficiently high tem pera
tures for a sufficiently long time, chem ical condensa
tion m ay take place w ithout the addition of condensing 
agents or catalytic agents; however, under such un
favorable condition, the action is too slow and too 
difficult to control for technical purposes.

B y  the addition of acids or acid salts, the reaction 
m ay be hastened to the point of becoming violent. 
B u t the presence of acid bodies tends to develop dis
turbing side-products which lessen the technical value 
of the final product. Furthermore, in presence of an 
acid-reacting m ixture, whenever there is a sufficient 
excess of phenol, we do not obtain the infusible, final 
product, but resins of the fusible saliretin or “ shellac

1 T m s  J o u r n a l ,  1, No. 3, 149 (1909).

substitute”  type. Things go quite differently if small 
amounts of bases are present during the reaction.1 
Sm all quantities of bases prevent radically the form a
tion of fusible soluble saliretin products (shellac sub
stitutes, Novolalc, phenol-resin, etc.) and insure the 
formation .of ;infusible, insoluble final products, even 
in presence of a decided excess of phenol. If  the 
phenol be used in excess, it will be found in the final 
product as a solid solution. In fact, th e excess of 
phenol m ay be exaggerated to the point th at the final 
product becomes very  flexible or assumes a gelatinous 
appearance, and swells considerably in certain sol
vents, like phenol, or alcohol, or acetone, w ithout, 
however, entering into com plete solution. In any 
case, this free-phenol-containing substance is infusible; 
in other words, the application of heat can no longer 
liquefy it, although higher tem peratures m ay char or 
destroy it.

This behavior of the bases constitutes a radical 
difference from th at of acids or other acid-reacting 
bodies. W henever acid-reacting bodies are used in 
conjunction w ith an excess of phenol, or an insufficient 
am ount of reacting formaldehyde, w hich am ounts to 
the same thing, they tend to produce fusible soluble 
resins, while under exactly  the same conditions and 
w ith the same proportions of phenol and form aldehyde, 
small am ounts of bases develop surely infusible p o ly
merized bodies as ultim ate products.

In this method, the bases should be used in relatively  
moderate amounts; not in molecular proportions, as 
Manasse and Lederer2 utilize them  for m aking phenol 
alcohols, nor as D eLaire2 em ploys them  to produce 
the fusible resinous dehydration products of these 
phenol alcohols. Neither should they be used in such 
large quantities nor under such conditions as H entschke3 
recommended for the m anufacture of certain antiseptic 
compounds.

If the am ount of base be properly restricted, the 
reaction proceeds very  regularly and remains under 
easy control. The base acts as an excellent accelera
tor, both in the condensation and in the polym erization. 
The use of bases under the above mentioned conditions 
enables one to carry out the reaction w ith the utm ost 
uniform ity and certainty of results.

A t first sight the importance of these seemingly modest 
facts is not very apparent; no more than the value of the 
observation that sufficient counterpressure permits quick 
polymerization at high temperatures without risk of 
porosity; no more indeed than the realization of the fact 
that the final product with its great hardness, its strength 
and other splendid qualities is unelastic and wofully 
deficient for most industrial purposes where great resist
ance to shock or vibration is required, and that the 
incorporation of suitable fibrous materials improves all 
this by modifying the shattering wave induced by impact. 
Yet these.three main factors have enabled-us to harness 
into technical service an elusive laboratory reaction and 
have rendered possible the creation of a new industry 
which is  gaining daily in  importance.

1 Sec B aekeland, U. S. P a te n t 942,809.
2 Loc. cit.
3 H en tschke , D . R . P a te n t 157,553.
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It has been shown1 that small amounts of ammonia 
or amines m ay be used to good advantage for this 
purpose. It is a well known fact3 that ammonia or 
ammonium salts in presence of form aldehyde produce 
instantly a corresponding amount of hexam ethylen- 
tetramin. In the same w ay, if an y ammonia be added 
to a m ixture of phenol and formaldehyde, a corre
sponding am ount of hexam ethylentetram in is produced 
which can easily be extracted from the mixture. 
This fact was confirmed by Lebach, and can easily be 
ascertained by direct experim ent.3 It  is self-evident 
that instead of a m ixture of phenol and formaldehyde 
and ammonia, an equivalent amount of hexam ethylen
tetram in or hexam ethylentetram in-triphenol4 m ay be 
used.

So th at in the preparation of these bodies, form al
dehyde can be replaced by hexam ethylentetram in; 
this was already published b y  Lebach in the patent 
literature as far back as the end of 1907.5 W hether 
the phenol m ixture be prepared with ammonia or with 
hexam ethylentetram in, its properties are practically 
the same, and on heating, both m ixtures engender the 
same product, with the final evolution of ammonia gas.

W hatever be the methods employed, this reaction is 
strongly exotherm ic, and heat is set free in the two 
phases of the reaction: First, in the condensation
stage, b y  which the initial product is formed, and 
w ater is separated. Sccond, in the final hardening 
when the product becomes infusible b y  polym erization, 
a considerable disengagement of heat takes place 
anew. If the substance be heated in thin layers, this 
self-heating m ay be unobservable on account of the 
heat losses; under such conditions, if, however, the 
mass is thicker or bulkier, and more especially if it be 
contained in a mold, this self-heating becomes' very 
disturbing and liberates gaseous or volatile products 
which cannot escape before the mass sets to infusibility; 
this causes the mass to swell and raise and to become 
porous, and makes it practically  worthless for almost 
all technical purposes. This was the stum bling block 
which former investigators tried to avoid b y  conducting 
the hardening at very low tem peratures, or b y  the use 
of suitable solvents which tend to moderate the re
action. This tendency tow ards foam ing exists also 
if acid-condensing agents are used, or even if no cata
lytic  agents are added at all. The liberated gaseous 
products m ay va ry  according to conditions; in some 
cases, they m ay consist largely of form aldehyde gas 
which tends to escape before the reaction is accom 
plished; if amm onia be used, and more so if h exa
m ethylentetram in be em ployed, varyin g am ounts of 
ammonia gas will be set free.

Especially when hexam ethylentetram in is used, the 
evolution of ammonia is very  abundant, and this 
naturally increases the tendency to foam and to give

1 B aekeland, U. S. P a te n t 942,809.
2 W ohl, Ber., 19, 1892; Tollens, Ibid., 17, 653 ; C arl G oldschm idt, page 

29, B onn, V erlag von F ried rich  Cohn. 1903; Cam hier, B orchet, Compt. 
rend., 120, 557.

a Lebach, Zeit. angeiv. chem., 1909, 1600.
1 “ The A ddition  P ro d u c t of Phenol and  H ex am cth y len e te tram in ,’’ see 

Beilstein, Handb. der Organ. Chem., [3] 2, 651.
3 K noll, Belgian P a te n t, loc. cit., and W ette r (K noll), B ritish  p a ten t, 

loc. cii.

a porous final product. This tendency to foam be
comes pronounced only at tem peratures above 50 ° or 
ioo ° C., because at these increasing tem peratures the 
exotherm ic reaction sets in. It should be noted that 
tem peratures considerably higher than ioo ° C. are 
those which are em ployed in almost all commercial 
applications of these products, because they allow 
quick hardening and quick molding. A t such high 
tem peratures, polym erization proceeds very  rapidly, 
but the -exothermic reaction superinduces a further 
spontaneous increase of the tem perature of the mass, 
and in this w ay, the defect of foaming is considerably 
more pronounced.

This tendency to foam makes it of the utmost 
technical im portance whenever high tem peratures are 
employed, for quick com mercial work, that the libera
tion of gaseous or volatile products during the p o ly
merization or hardening process, should be opposed by 
a suitable counter-pressure. The latter m ay be applied 
in various w ays; for instance, b y  heating in closed 
molds or in closed vessels, so that the imprisoned gases 
develop a suitable counter-pressure; or b y  heating in a 
cham ber in which air or other gases have first been 
pum ped to a suitable pressure; or by heating in a 
hydraulic press. In  the latter case, the first function 
of the pressure is to counteract the developm ent of 
gaseous products, while at the same tim e the mass is 
given the desired shape in the mold,.1

For other applications, like varnishes or lacquer, 
where the material is applied in thin layers, the use of 
counter-pressure is not indispensable.

As stated above, the use of amm onia or hexa
m ethylentetram in increases the tendency to foam. 
On the other hand, small amounts of fixed alkalies, 
like caustic soda, act as more powerful accelerators 
than ammonia or hexam ethylentetram in, without 
causing the evolution of disturbing ammonia gas or 
other gases. In this and other respects, the fixed 
alkalies have decided advantages over amm onia or 
hexam ethylentetram in, as well as over acid-condensing 
agents. For instance, they perm it rapid hardening 
at the relatively low tem peratures of 70° to 95° C .; 
furthermore, as soon as the initial solidification has 
set in, the tem perature can be raised quickly to n o ° .  
1200 and 1600 C. A t these higher tem peratures, "the 
hardening proceeds w ith great intensity and w ithout 
fear th at the gas bubbles should cause porosity. If 
the heating be carried to the hardening tem perature 
before all the w ater has been first expelled, then the 
only necessary precaution will be to keep the tem pera
ture sufficiently below 100° C. so th at there can be no 
evolution of steam which m ight cause blisters; but as 
soon as the mass has been heated long enough at these 
lower temperatures, so th at it has solidified sufficiently, 
the tem perature can be raised w ith im punity above the 
boiling point of water. A s soon as these higher tem 
peratures become available, the polym erization to final 
hardening advances very  rapidly.

For m any purposes, it is simpler to drive off the 
water a t tem peratures below the polym erization tem 
perature, either b y  drying in vacuo, or b y  drying in a

1 B aekeland, U. S. P a te n t 942.699.
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stove at ordinary pressures at moderate temperatures, 
for instance 500 C. or below. Such dried m aterial 
can now be subm itted directly to relatively high tem 
peratures w ithout risk of blistering or foaming. ' This 
gives us the very  best means for rapid hardening, as 
required b y  commercial processes. The use of these 
fixed alkalies has enabled■<us to carry on. hardening 
and molding at a faster rate than: ;is possible w ith am 
monia or hexam ethylentetram in,'for other means, and 

•at the same tim e to produce molded articles, of better 
heat-resisting q u a lities ,‘o f'h ig h est-resistiv ity  to sol
vents, chemicals, and of excellent dielectric properties. 
For m any electrical purposes, the fact th at no free 
am m onia 'exists in the mass is a further advantage; 
indeed, this free ammonia is slowly liberated b y  heat 
from molded articles and som etimes :may p lay  rather 
disturbing'pranks. 1 It  has a  tendency to corrode brass 
articles. ' y?n; . ■ / .■■■■■

SE C O N D  M E T H O D . ! :U x '"  1
. ' oi ; .v’rv

Action of Formaldehyde or its Equivalents on Phenol 
Alcohols.— I have described this process in 1908.1

It  has been shown th at the best, results are obtained 
if the amount of form aldehyde .is 'at: 1/eâ t qpe-sixth .of 
a molecule as calculated to one molecule of phenol 
alcohol.. This; same ratio holds, good if substances 
equivalent to, form aldehyde or to phenol alcohols are 
used. _• . . .

This m ethod has enabled us to gain,, clearer insight 
into the relations of all*infusible condensation products 
to the phenol alcohols, and has furnished us the theo
retical means for determining the optim um  quantities 
of reacting m aterials in our technical methods of 
m anufacturing. However, this process is more of 
theoretical than of practical interest, in as far as the 
third method accomplishes substantially the same 
result b y  starting from the anhydrides of phenol 
alcohols.

T H IR D  M E T H O D .

Action: of Formaldehyde or 'its Equivalents (Paraform , 
Hexamethylentetramin < etc.) on Saliretin-Resins.— The 
method is another indirect m ethod and consists in 
first preparing a saliretin-resin of the fusible soluble 
type, then reacting thereupon w ith form aldehyde or 
an equivalent of form aldehyde.’ This m ethod was 
first published b y  Lebach a t the end of 1 9 0 7 . 3

In these patents, it is clearly mentioned th at para
form and hexam ethylentetram in are e q u iva le n t:to 
form aldehyde in the preparation of '.condensation 
products. Furthermore, it is'--described-how the con
densation products m ay be prepared in two successive 
steps b y  adding the form aldehyde or hexam ethylen
tetram in, or other equivalents, in two successive 
quantities. Briefly - stated, the process consists in 
first preparing a fusible saliretin-resin;-to this resin is 
m ixed a second qu an tity  of-fbrrnaldehyde,-paraform ,

. 1 '.'The Synthesis, C onstitu tion , aiid Uses of B akelite ,” loc. cit. See also 
B aekeland Belgian additional p a te n t 213,657: B aekeland French additional* 
p a te n t 11,628.

2 B aekeland, U. S. P a te n t 1,038,475.
3 K noll Belgian p a te n t 204,811, Dec. 31, 1907, and  W ette r  (K noll), 

B ritish  p a te n t 28,009, 1907, all owned b y  th e  B akelite  Gesellschaft, of B erlin .

or hexam ethylentetram in; this m ixture subm itted to 
heat produces the infusible product C. In reality, 
we prepare here in two steps a product which is practi
cally  similar .to  the solid initial condensation product 
described in the first or direct method. In th at method 
the initial condensation product is obtained more 
d irectly b y  the addition of a sufficient am ount of for
maldehyde to phenol, in presence of ammonia, or 
other bases, or b y  the equivalent use of hexam ethylen
tetram in or paraform. In the first or direct method, 
the reaction between the phenol and the form aldehyde 
ensues under elimination of w ater due to so-called 
chemical condensation. In the present case, however, 
a portion of the form aldehyde is first made to react 
on an excess of phenol, bringing about a corresponding 
elimination of w ater b y  chem ical condensation; but 
in as far as the am ount of form aldehyde is insufficient, 
fusible saliretin-resin is formed. In order to trans
form the latter into the product C, it is necessary to 
supply an additional am ount of formaldehyde, or some 
paraform , or hexam ethylentetram in, etc.; hence the 
necessity of adding a certain am ount of those m ethylen 
compounds to the fusible saliretin-resin, before the 
mass is subm itted to hardening or polym erization b y  
heat. The chem ical reaction of the m ethylen com 
pound on the fusible saliretin-resin is accompanied by 
the further elimination of w ater which can easily be 
dem onstrated b y  direct experiments.

If hexam ethylentetram in is used, an abundant 
liberation of ammonia takes place at the same tim e; 
but even with the use of the latter, a certain am ount 
of w ater is liberated b y  the action of the hexam ethylen
tetram in on the free phenol contained in the fusible 
Soluble saliretin-resin.

Barring those minor differences in preparation and 
proportions, the final product C is practically  the same 
as th at obtained b y  the first or direct m ethod as 
described above.

If hexam ethylentetram in be added to the fusible 
resin, and heat be applied, the violent exotherm ic 
reaction which ensues causes an abundant liberation 
of ammonia gas. The mass raises like bread, and a 
hard spongy product is the result. A ylsw orth 1 utilizes 
this foam ing to prepare this substance in powder form 
b y  first producing porous masses of the final conden
sation product which can be crushed more easily to a 
fine powder than if solid lumps of this refractory 
m aterial have to be pulverized.

In molding processes where high tem peratures are 
needed, so as to insure hardening, this violent libera
tion of amm onia gas can easily be counteracted by 
suitable counter-pressure. In this case, the pressure 
is not only required for shaping the article, but first 
and foremost, for avoiding porosity.. This can easily 
be dem onstrated b y  heating the mass in an open mold, 
a t the same high tem perature as is used in the press; 
under these conditions, direct application of these 
high tem peratures causes foam ing and porosity un
less suitable counter-pressure be applied.

It  has been claim ed th at b y  the use of hexam ethylen-

1 A ylsw orth , B elgian P a te n t 240,116.
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tetratnih in connection w ith perfectly dry fusible 
Soluble phenol-resin, no w ater is liberated, which is 
supposed to-be an advantage for certain applications 
where high dielectric properties are required. How
ever, it should be noted that such fusible soluble phenol- 
resins all contain considerable amounts of free phenol and 
by the action of hexattiethylentetraittin on this phenol, 
w ater is formed besides the ammonia that is set 
free.

Moreover, the presence of large quantities of free 
ammonia is, if anything, more objectionable for certain 
purposes than the possible presence of small, amounts 
of water.

It is true th at free ammonia can be expelled by 
sufficiently long after-drying of the molded articles, 
but b y  the same means it is just as easy to expel the 
last traces of water. The most striking fact is that 
there is no serious difficulty in obtaining articles of 
extrem ely high dielectric properties, even when starting 
from raw m aterials containing considerable amounts 
of water, provided the m anufactured articles be sub
m itted afterwards to a drying treatm ent which can 
be performed in any suitable drying stove.

It  should be noted th at alm ost all molded commercial 
articles made of phenol-form aldehyde condensation 
products contain various amounts of fibrous materials, 
preferably wood pulp or finely divided sawdust. 
These organic fibrous materials, a t the high tem pera
ture a t which the molding in the hydraulic press takes 
place (140° to 160° C., or over), begin to liberate 
variable amounts of w ater and other products of 
decomposition, which depress the dielectric properties. 
This is another reason w hy all molded articles intended 
for purposes where high dielectric properties are es
sential should be subm itted to oven-drying after they 
are molded. Those who are unfam iliar w ith the 
technical side of the subject m ay ask w hy it would not 
be simpler to omit altogether the use of fibrous organic 
m aterials. T h ey might suggest the use of asbestos. 
B u t asbestos has other drawbacks, which lim it its use. 
F o r instance, asbestos is a relatively poor insulator, 
and  the strength im parted b y  its fibers is not so great 
a s  .that im parted b y  vegetable fiber; furthermore, its 
specific g ra vity  m akes the articles compounded there- 
-with very  heavy; moreover, any asbestos compositions 
w hich have to be machined or milled are very  severe 
•on the tools. Another objection is th at asbestos 
compositions do not take the excellent and easy polish 
which can be so easily developed on articles made with 
wood-fiber compositions, nor do they possess the 
elasticity  and strength of the latter.

It  m ight also be suggested to drop entirely the use 
of an y fibrous material, and to use amorphous or 
pulverulent fillers. B ut the technical requirements 
forbid this: Indeed, the main characteristic of the
final phenol-form aldehyde condensation products, is 
that although they are exceedingly hard and resistant 
and have a rem arkably high crushing strength, their

flexibility and elasticity are very  limited. In regard 
to these latter qualities, they occupy a position between 
hard rubber and glass. A  sudden shock or lim ited 
bending shatters them, and this would restrict enor
mously their technical applications. I found that the 
shattering w ave induced b y  im pact could be considera
bly modified b y  the suitable introduction of fibrous or 
cellular materials, like wood-fiber. This behavior is 
quite different from that of other plastics like celluloid 
or rubber, which lose their best and characteristic 
qualities by the incorporation of filling materials. 
The phenol-condensation products, on the contrary, 
are enormously im proved for commercial use, if com 
pounded with filling m aterials, provided the latter be 
of a fibrous nature; in the latter case, th ey lose their 
natural brittleness and can stand shock and im pact, 
w ithout shattering; th ey can be rendered flexible and 
yet maintain all their other excellent properties of 
high resistivity to physical and chem ical agents.

Hence, some of the most im portant industrial appli
cations of these condensation products are precisely 
those where th ey are used in conjunction w ith fibrous 
bodies; for instance, th ey serve to im pregnate fibrous 
materials like wood, pulp-board, and to indurate the 
latter, or to agglutinate firm ly loose fibrous sub
stances, like wood-fiber, or fine sawdust, which then 
act as a structural skeleton distributed throughout 
the indurated mass. •

This im portant technical result is easily demon
strated b y  com paring the enormous strength and re
sistance to im pact or shock of molding compositions 
containing wood-fiber with others containing the same 
amount of structureless filling materials, for example, 
powdered m aterials. Compositions made w ith the 
latter will be found incom parably more brittle and 
very  much less appropriate, if not entirely unsuitable, 
for most industrial purposes, more especially for molded 
articles where great strength is required.

Other im portant technical results are accomplished 
with the use of filling m aterials; for instance, the 
highest dielectric properties have been rendered pos
sible b y  the joint favorable action of fibrous m aterial 
and heat and pressure. <

It  m ight be cited here th at paper impregnated with 
these condensation products, and subm itted to harden
ing under heat 'and pressure, has made it possible to 
m anufacture sheets which show an astonishingly high 
disruptive test (puncture test), averaging 77,000 volts 
a. c. on sheets of of an inch thickness corresponding 
to 1,230 volts per mil. or about 48,500 volts per milli
meter.

Under these favorable conditions, the vegetable 
fiber of the paper is thoroughly im pregnated with the 
condensation product, and the high pressure has 
excluded the possibility of-porosity induced b y  foaming.

Y o n k e r s , N .  Y .
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LABORATORY AND PLANT
APPARATUS FOR THE EXAMINATION AND STUDY OF THE 

BEHAVIOR OF VALVE AND CYLINDER OILS AND OTHER 
PETROLEUM LUBRICATING OILS IN SATURATED 

AND SUPERHEATED STEAM, CARBON DI
OXIDE, AIR AND OTHER GASES.1

Iiy  P. H . CONKADSO.N.2

The introduction of a high degree of superheated 
steam in locom otive and stationary engine practice 
has brought about the necessity of adding tests to the 
ones usually made of cylinder oils, w hether straight 
petroleum  stock, or m ixture of the same w ith smaller 
or larger am ounts of saponifiable fats.

The writer has constructed and used an apparatus 
for some time in the investigation of cylinder oils 
suitable for the lubrication of valves and cylinders 
in connection w ith the use of highly superheated steam 
in locom otive service.

The apparatus is essentially as follows (see photo
graphic cut):

ointm ent box about 55 mm. in diameter, 18-20 mm. 
high) into which the oil to be exam ined is fed drop b y  
drop from the sight feed lubricator C (or, a given 
am ount of oil is poured into the cup I). Through the 
lid is inserted an armored thermometer, T, reaching 
down into the dish. The steam vessel thus arranged 
and connected is surrounded and covered b y  a suitable 
asbsetos hood.

L, pipe connections for the gases used.
E, heavy glass cylinder about 200 mm. long and 

18-20 mm. inside diam eter contain ing-a small rec
tangular boat or dish; beyond E  is a glass tubing 
system , F , connected up as shown with brass fittings; 
each glass tube is about 500 mm. long and 8-9 mm. 
inside diam eter; a t the further end is attached a steam 
separator and oil collecting vessel, G, consisting of an 
ordinary glass chim ney fitted up w ith brass caps; to 
this condenser H is connected by means of copper tubing

In this apparatus an y desired tem perature m ay be

A, small steam boiler with gas, steam  gauges and 
pipe conditions.

B, superheater with armored thermometer, T, and 
steam connections (a small circulating w ater heater 
w ith double copper coils, answers very  well).

C, sight feed lubricator w ith connections.
D, steam  vessel (a conical cast iron retort for dis

tilling m ercury, about 95 mm. deep and about 75 mm. in 
diam eter at top provided with two strong screw clamps 
to keep the lid tight, answers very  well) surrounded 
on the outside, as indicated, b y  a coil of copper pipe 
5-6 mm. inside diameter, for further heating of the 
steam and gases used in the tests: this coil is tapped 
into the bottom  of the steam  vessel containing a 
suitably supported dish of about 25 cc. capacity  (an

1 P a p e r presen ted  a t  th e  E igh th  In te rn a tio n a l Congress of Applied 
Chem istry. New Y ork, Septem ber, 1912.

2 Chief Chem ist, G alena-S ignal Oil Co.

maintained a t least up to 1000° F . ; this is 300“-400° 
higher than is required under the most exacting service 
conditions as far as superheated steam tem perature is 
concerned.

In studying the behavior of valve and cylinder oils 
in an atmosphere of superheated steam, the steam  is 
passed from the small steam boiler through the super
heater B and into the steam vessel D through its pipe 
coil (lamp being lit under D), and out through E, F, 
G  and H.

W hen the tem perature reaches and is regulated in 
D to 4000 F., oil is fed drop b y  drop from sight feed 
lubricator C (or the cup I is filled); the steam  is shut 
off and the va lve in C (or I) opened, letting the oil run 
into the dish in D ; the steam  valve is then very  gradu
ally  and carefully opened so as to let through any 
desired am ount of steam.
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The tem perature in D is m aintained for a given 
length of tim e at or near 4000 F., noting if any oil 
vapors are com ing over; by shutting and opening the 
steam valve it is easy to see if any vapors are coming 
over w ith the steam.

The tem perature is increased in increments of 25 °-  
500 F., a t a time, until the desired tem perature is 
reached, noting the behavior of the oil vapors passing 
on w ith the steam  through the glass pipe system , etc. 
It is interesting to note th at cylinder oils containing 
rather a large percentage of saponifiable fats or fat 
oils generally come over a t much lower tem peratures 
than the main portions of the petroleum stock oils 
that are com m only used in com pounding first class 
cylinder oils.

In further study of the behavior of oils, the boat in 
the glass cylinder E m ay be filled through the cup I to 
the left, and subjected at various tem peratures to 
slow currents of superheated steam, carbon dioxide 
and air or m ixtures of the same. The glass cylinder

F lash  p o in t (open c u p ) ............
B urning  p o in t ...............................
G rav ity  a t 60° F . B aum 6 .........
Sp. gr. a t  15° C ............................
C olor.................................................
Gas, te s t  before lire te s t ...........
Gas, te s t a fte r fire t e s t ..............
Cold te s t  flow s..............................
Saponifiable fa ts ........................
Vis. S ay b o lt a t  212 ° F . (60 cc.). 
B arbey  Ix o in e t 500° F . (180

un its  =» 30 c c .) ........................
H o t a ir te s t a t  540° F . ( lo s s ) .. .
Gas, te s t a f te r ...............................
Carbon te s t residue .....................
SO3 in residue ...............................

f  4 0 0 °  F ...............

bottom  iron dishes exposed six hours a t 540° F. in a 
specially designed air bath.

Gasoline Test — 10 cc. oil, 90 cc. petroleum  ether 
0.65 sp. gr. (from Pennsylvania crude) in graduated 
flat precipitating tubes, taking reading after 1 hour’s 
standing.

Carbon Test using 33 grams Oil. according to Con- 
radson’s apparatus and method.

Superheated Steam Test = 13 gram s of oil used.
Sample “ A ” in a superheated steam test a t 8000

F. (4270 C.) left no residue. Sample “ C ” left 2.5 
per cent, dry carbonaceous residue.

Sample “ E ” containing 15 per cent, of saponifiable 
fats subjected to the superheated steam  test lost 26.5 
per cent, up to 6000 F . ; the oil residue from this test 
contained 1 7 . 5  per cent, saponifiable fats; this indi
cates th at the petroleum  oil stock (“ B ” used) goes 
off w ith the steam  som ewhat faster in proportion to 
the fat oil up to 6oo° F. (350° C.).

The steam pressures used in these tests were about

Loss in 
superheated  
steam  a t

500' 
600 ‘ 
700 ‘

A. B. C. D. E. F.

545° F . 550° F. 605° F. 595° F. 550° F. 365 °F.

0 0 0 630° F. 695° F . 680° F. 630° F. 415 °F.
26 .4 26.1 24.7 25 .9 33 .5
0.895 0.897 0.905 0.898 0.856
L igh t D ark D ark V ery dark  * Yellow
Good Good 0 .5  cc. 4 .0 cc.
Good Good Good 3 .0  cc.

+  55° F . + 3 2 °  F. +  45° F . +  34° F . +  30° F . Zero
Trace Trace Trace Trace 15 per cent. None

133 sec. 146 sec. 215 sec. 216 sec.

45 sec. 51 sec. 61 sec. 60 sec.
15 per cent. 11 p e rc e n t . 2 .5  per cent. 5 .5  p e r cent.
Good Good 0 .5  cc. 3 .5  cc.
2 .15  p e r cent. 2 .7 0  per cent. 4 .9 0  per cent. 5 .1 0  per cent.
0 .023  per cent. 0 .03  per cent. 0 .03  per cent. 0 .0 4  per cent.
0 .0  p er cent. 0 .0  p er cent. 0.0  p er cent. 0.0  p er cent. 0 .0  p er cent. 32 per cent.
5 .0  per cent. 4 .0 p e r cent. 1 .5 per cent. 1 .0  p er cent. 5 .0  p e r cent. 67 .0  per cent.

18.5 per cent. 18 .0  per cent. 6 .5  per cent. 8 .5  p e r cent. 21 .5  per cent.
4 4 .0  per cent. 3 4 .0  p e r cent. 32 .5  per cent. 40 .5 per cent.

67 .5  per cent. 56 .5  p e r cent. 4 0 .5  per cent. 5 0 .0  p e r cent. 26 .5  per cent. 9 9 .0  per cen t.

Good Good 1.5 cc. 3 .0 cc.
G as te s t  of oil:

R esidue from  700° tes

E  during the last test is surrounded b y  a heavy as
bestos covering to prevent radiation.

The cylinder oils m ay leave a residue in the dish in 
D at steam tem peratures below 700° F .; if so, such 
residue should give a clear solution in 90 cc. of 0.65 
sp. gr. (87° B.) petroleum  ether (Pennsylvania) and 
show no precipitate on standing. A t steam  tem pera
tures of 85o °-9 oo° F ., all the oil has usually volatilized 
w ith the steam ; good oils should leave no carbonaceous 
or coky residue.

W hile this apparatus was designed principally for 
the stud y and behavior of valve and cylinder oils in 
atmospheres of steam  at various tem peratures, it can 
be adapted very  readily for the study of other oils at 
various tem peratures in currents of air, carbon dioxide 
or other gases or m ixtures of same w ith and w ithout 
steam.

The accom panying table of com parative tests of five 
samples of cylinder oils, A, B, C,  D, E  and F, a petroleum 
distillate of interest in connection w ith the study 
of cylinder oils in superheated steam:

Hot A ir  Test =  13 gram s oil in shallow round flat

ten to tw elve pounds per sq. in. A  large volum e of 
superheated steam passed through the apparatus during 
the tests (about 40 cc. condensed steam  per minute).

In these superheated steam evaporating tests 
about 13 gram s of oil were weighed into the small 
dish placed inside the steam vessel D. (The capacity 
of the small iron dish is 50 cc. having a diam eter of 
about 48 mm. and 30 mm. high, w ith flat bottom .)

The steam  vessel w ith the oil in the dish w as heated 
up to about 350° F. (176° C.), passing a slow current 
of natural gas through the apparatus, then superheated 
steam  was adm itted, the gas shut off, and the tem pera
ture raised up to the required degree and kept con
stant for about 75 m inutes; the volatile m atter in the 
oils at the given test tem perature generally were car
ried over w ith the steam  inside of 60 minutes, allow 
ing about 15 m inutes’ extra  steam ing. A t the end of 
each given tem perature test the steam  and heat were 
shut off; after cooling, the dish containing the oil 
was weighed and replaced in the steam  vessel and the 
operation repeated for the next tem perature test.

G a l e n a -S ig n a l  O i l  C o m p a n y ,
F r a n k l i n , P a .
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A NEW CALORIM ETER BOMB W ITH SPECIAL ADVANTAGES 
AS TO MATERIAL OF CONSTRUCTION AND METHOD 

OF OPERATION.1
H y S. \V. P a rr .

In attem pting to im prove upon the oxygen bomb 
for calorimetric use, the efforts have been directed 
along two distinct lines to meet w hat seemed to be 
the most pressing needs of the case: first, the discovery 
of some substitute for platinum  which would resist 
the corrosive action of the acids formed and, second, 
the im provem ent of the methods for closing the re
ceptacle so th at a perfect seal could be secured w ith 
certain ty and ease.

W ith reference to the first item, the developm ent of 
a substitute for platinum , the problem is not without 
serious difficulties. I t  is to be borne in mind that in 
m any instances, as w ith coals and sim ilarly consti
tuted substances, the nitric acid resulting from the 
com bustion is produced under the best possible con
ditions for prom oting a solvent action. The concen
tration of the acid in the bomb after a reaction is con
siderable. Moreover, the tem perature, at least for 
a short period, is relatively  high and the presence of 
corroding gases under high pressure m ay contribute 
to the activ ity . Again, in m any substances a high 
percentage of sulphur exists and this burns to SO, 
or in the atm osphere of the interior, saturated as it 
is w ith w ater vapor, to H sSO,. For exam ple, a very 
large part of the coals of the Mississippi va lley  have a 
content of sulphur am ounting to 3 or 4 per cent, of 
the gross weight of the coal. Indeed, a content of 
sulphur is not infrequently m et w ith of five and even 
six per cent. W e have then in these cases of common 
occurrence conditions wherein both sulphuric and 
nitric acids are formed and these of a rather concen
trated character. One of the common methods of 
counteracting the action of the acids is b y  use of some 
sort of resistant covering. A s will be seen later, the 
method devised for closing the bomb involves the 
machining of the parts of dimensions accurate within 
Vso of a millimeter. This feature, therefore, would 
make it im practicable to make use of an enamel as a 
protective covering. This expedient is also found, in 
practice, to be objectionable, owing to the frequent 
ruptures th at are certain to occur in the enameled 
surface, thereby adm itting the acid to the m etal be
neath. So far as a platinum  lining is concerned in 
the device contem plated, and this was given an ex
tended trial, the difficulties were as follows: First,
the cost of platinum , representing at the current prices 
approxim ately $400 per bomb, made the use of that 
metal prohibitive, especially where a considerable 
number of bombs were desired such as for uáe with 
large classes. Second, the method of closing the 
bomb called for an exact relationship as to dimen
sions, and, as in the case of enameling, this could not 
easily be secured or m aintained w ith an inner shell 
or lining. Moreover, the device to be em ployed for 
the inlet valve was such as to m ake it a very  difficult 
problem of construction to make use of a second m etal

1 P ape r presented  a t  th e  E ig h th  In te rn a tio n a l Congress of Applied 
Chem istry, New Y ork, Septem ber, 1912.

in that part of the apparatus. Third, the inevitable 
corrosion which sooner or later begins under the p lat
inum shell roughens the surfaces, especially those 
com ing in contact w ith the gasket. In tim e the en
tire surface under the platinum  is affected and the 
w ater equivalent as well as the strength of the bomb 
is modified. These reasons alone, even if there were 
no others, are quite sufficient for indicating th at the 
bomb, if made at all in conform ity w ith the design 
contem plated, should be made of a m etal capable of 
being machined to exact dimensions and in conform ity 
w ith a desired pattern.

For this purpose, therefore, a study of alloys was 
undertaken w ith a view  to determ ining if one could be 
devised sufficiently resistant to acid to effectually re
place platinum , and th at a t the cost in the massive 
form necessary to easily compete w ith th at m etal. 
I t  m ust be possible, m oreover, to either cast or stamp 
the m etal into proper form suitable for m achining into 
the final and exact shapes desired. The alloy finally 
developed has proved to be em inently satisfactory as 
far as its acid-resisting properties and strength are 
concerned. It  is com plex in composition, having as 
the chief com ponents nickel, copper, tungsten and 
chromium w ith sm aller and more or less adventitious 
am ounts of manganese, aluminum, titanium , boron 
and silicon. The details of com position and properties 
of the alloy as finally adopted are presented under 
another title .1 Concerning the securing of this m a
terial in forms suitable for m achining to the desired 
patterns, only the m ethod of m elting and casting 
has so far been undertaken. The difficulty of secur
ing perfect castings has seemed at tim es alm ost in
surm ountable. This is due to the fact th at the m elt
ing point of the alloy is relatively  high, approxim ately 
1300°, and at the point of solidification the shrinkage 
is so great th at cracks or flaws are opened up which 
render the casting unfit for use. Again, the occlusion 
of gases at the high m elting tem perature is great 
and pin holes are apt to be a source of much ann oy
ance. The overcom ing of these difficulties is, how
ever, a mechanical rather than a chemical problem 
and need not be entered into here.

T h at the m aterial m ay fairly  be considered a sub
stitute for platinum  in the service here described is 
shown in the article above referred to, wherein is given 
a table of solubility tests. Also in another article 
accom panying this discussion3 data are given upon a 
bomb of this new m aterial in practical operation, 
which indicate th at the alloy is entirely suited for 
use in the manner described.

The second im provem ent sought tor relates to the 
m ethod of closing the receptacle. The difficulties 
attending the use of lead gaskets relate chiefly to the 
stress and strain required to secure a perfect seal. 
O ther objections relate to the chem ical action upon 
the lead, and to the pitting or corrosion of the needle 
va lve  or seat, m aking it necessary to frequently reseat 
or repoint the valve parts. The substitution of rub-

1 "A  New Alloy w ith  A cid-R esisting P ropertie s ,” by  S. W . P a rr , In o r
ganic Section (Sec. I I )  th is  Congress.

2 “ Some T ests on a  New C alorim eter B om b,”  by  R ichard  H. Jesse, J r., 
T h i s  J o u r n a l , p .  7 4 8 .
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ber for lead is found to be entirely practicable if the 
conditions under which it is used are such th at flame 
or an y of the processes of com bustion are not allowed 
to come in contact w ith the rubber. This is easily 
accomplished b y  interposing between the rubber 
gasket and the inner cham ber a shoulder of massive 
m etal so constructed th at the cross section of the 
space between the two m etallic parts is so small, 
say V25 a millimeter, and the longitudinal measure
ment of the space, th at is the distance from the rubber 
to the inner cham ber, is so great, say i z/2 or 2 m illi
meters, th at the com bustion processes m ay not travel 
along so narrow a passage and therefore do not come 
in contact w ith the rubber gasket. This principle 
is carried out in closing the main opening of the bomb 
and also in closing the va lve  through which oxygen 
is adm itted. This will be m ade clear b y  reference 
to a sketch.

In Fig. 1, B  B  are the walls of the bomb which 
enclose the space 0 . The cover C  is made w ith an

encircling rim, R, which re
tains the rubber gasket G. 
The cover is so made th at a 
shoulder. S  5 , passes the 
wall of the bomb as it comes 
up to position against the 
gasket. The machining of 
the parts is such th at the 
space between the shoulder 
and the wall is about I/2S 
mm. Moreover, the dis
tance from  the lower edge
of the shoulder to the gas
ket is about 2 mm. This 
is increased slightly b y  the 

pressure of the cover upon the gasket when the
screw cap is brought down upon it. Conditions
are thus secured w hich prevent the traveling of 
flame or an y of the processes of com bustion from 
the com bustion cham ber O to the rubber gasket G. 
The sam e principle is observed in the arrangements 
for the inlet va lve  V. The small gasket g is 
protected  from the reactions or heat of the com bus
tion cham ber b y  narrow passages between metal walls.

I-'IO. 2.

In this m anner it is entirely possible to secure a per
fect seal w ith a minimum am ount of compression, by 
use of rubber gaskets and this w ithout an y burning 
w hatever of the rubber.

A  word further as to convenience of operation.

The valve V  works autom atically thus: The va lve  is
held lightly  in place b y  the springs, but upon the ad
mission of, the oxygen above the va lve it is forced 
downward adm itting the gas to the cham ber O. 
W hen the proper am ount is adm itted, say 25 atm os
pheres, the oxygen supply is shut off and im m ediately 
the va lve is lifted into place b y  the spring. The strong 
pressure from within tends to seat the valve more 
firm ly in place. A fter an extended experience with

F i c .  4 .

great am ount of force in this part of the procedure 
is quite eliminated. The ease and readiness w ith which 
a perfect seal can thus be obtained have done much 
to revolutionize the w ork of operating a calorim eter 
of the oxygen bom b type.

Fig. 2 shows the cover and screw cap rem oved 
from the bomb. The small parts at the base of the 
bom b are couplings for oxygen connection a t the top 
of the cover.

Fig. 3 shows the bomb w ith the parts assembled

F i g . 3 .

this typ e of valve, involving numerous modifica
tions, the present form shown herewith has been found 
to be exceedingly effective and satisfactory. Thum b 
pressure on the top of the stem  is found sufficient for 
releasing the gas at the close of an experim ent. The 
most striking characteristic, however, in the m anipu
lation of the bomb is the ease w ith which the cover 
m ay be fastened to w ithstand the necessary pressure 
w ithout leakage. A s m ay be seen in the accom pany
ing illustrations, a simple octagon plate is set into 
the table or shelf and an octagon wrench about 50 
cm. long affords ample leverage for screwing down 
the cap and seating the cover. The expenditure of a
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w ith the octagon holder and wrench for setting the 
screw cap.

Fig. 4 shows the shelf fittings and connection 
with the oxygen tank. The shelf is hinged at the left- 
hand edge. It m ay be unfastened at the right-hand 
edge and lifted for the rem oval of the tank when 
it is required to renew the supply of oxygen.

U n i v e r s i t y  o f  I l l i n o i s ,

U r b a n a .

SOME TESTS ON A NEW CALORIMETER BOM B.1

B y R i c h a r d  H . J e s s e , J r .

In connection with the preceding description of 
the new alloy bomb of nickel-copper-chromium* it 
m ay be of interest to report briefly the results of a 
series of experim ents on the com bustion of two stand
ard substances, cane sugar and benzoic acid. These 
experim ents were undertaker! not only for the purpose 
of standardization but also to test the behavior of the 
instrument under actual working conditions.

The principal features of difference between this 
bomb and other types are: (1) the substitution of an 
alloy, very resistant to the action of acids, for the 
usual platinum , gold, or enamel lining; (2) the use of 
a well protected rubber gasket for sealing the bomb 
instead of a gasket of lead; (3) the replacement of 
the ordinary steel needlc-valve by a seated valve 
bearing a rubber gasket. For one who has spent 
much physical and m ental effort in trying to seal com 
pletely bombs fitted w ith needle valves and gaskets 
of lead and gold, a very short experience is sufficient 
proof of the superiority of the present method of 
sealing in so far as speed and ease of manipulation are 
concerned. Form er experience in this laboratory 
has offered evidence th at these features do not cause 
a decrease in the accuracy desired for commercial 
fuel analysis. It has remained, however, to prove 
that they will answer the purposes of investigations 
where the highest attainable accuracy is desired.

A  series of sem i-quantitative corrosion tests in which 
specimens of the alloy were exposed at ordinary tem 
peratures and for varyin g lengths of time to the action 
of 4 N  sulphuric and nitric acids and m ixtures of the 
two have indicated th at the am ounts of alloy which 
would dissolve in the time of a determ ination are 
negligible. To test the corrosion under working 
conditions, the washings from eight runs, which had 
been titrated  in the usual manner for nitric acid with 
potassium  hydroxide, were combined and analyzed 
for copper and nickel. The copper was precipitated 
by hydrogen sulphide in acid solution and was weighed 
as cuprous sulphide; the nickel was determined b y  
the dim ethylglyoxim e method. In the eight deter
minations 1 .6  milligrams of copper and 6.2 milli
grams of nickel were dissolved. In a single deter
mination therefore we have the solution o f  0.2 mg. 
Cu and 0.8 mg. Ni. The qu antity  of the m etal ni-

1 P aper presen ted  a t the  E igh th  In te rn a tio n a l Congress of Applied 
Chem istry, New Y ork , Septem ber, 1912.

- T his bom b w as devised by  Professor S. \V. P a rr , of th is  laboratory-, 
and  is described in the  preceding paper.

trates would have a heat of formation of approxi
m ately 1 .8  calories.1

Since in these experim ents the total am ount of 
heat measured in a run was 9500 calories, about 0.02 
per cent, of the rise was due to the solution of the a l
loy. This is a quantity  which cannot be directed 
with certain ty even in the very  best calorim etric 
work. This particular bomb was the first successful 
casting. Since the work was begun, there have been 
slight modifications in the composition of the alloy 
which have probably increased its acid resistance. 
Q uantitative evidence on this point is, however, 
lacking as yet. In coal calorim etry, sulphuric acid 
will be present in addition to the nitric acid. The 
corrosion tests already mentioned show that the m ix
ture of these two acids is not much more active than 
nitric acid alone.

There is only indirect proof to show th at the use of 
rubber gaskets is w ithout effect on the accuracy of 
the bomb. The construction of the instrum ent is 
such th at the rubber is well protected. The portion 
of the gasket which comes in contact w ith the gases 
in the bomb is a ring about V1000 inch in w idth; to 
reach this the hot gases have to pass through a very 
narrow space w ith massive m etal on each side so that 
they would alm ost certainly be cooled below the dan
ger point. In these experim ents there was absolutely 
no smell of burnt rubber in the bomb after a com bus
tion. The constancy of the results given below is 
further proof th at the rubber has no harm ful effect, 
because it is hardly conceivable that if the rubber 
were burnt a t all it should be burnt in such constant 
am ount each time.

The m ethod of adiabatic calorim etry3 devised by 
T. W . Richards was used for these combustions. .

The principle of the m ethod is th at the calorim eter 
is surrounded on all sides and on top b y  a bath  of 
caustic soda, the tem perature of which is a t all times 
kept the same as that of the calorimeter. B y  run
ning in sulphuric acid in measured am ounts the tem 
perature of the bath  can be readily changed so th at it 
conforms to th at of the calorim eter even during the 
first rapid rise. This method has already proved itself 
capable of extrem e accuracy. The m ercury ther
mometer used was of the Beckm ann type and was 
calibrated b y  the Bureau of Standards. The results 
with it were very  satisfactory. Three different sam 
ples of sugar were used. T h ey  were supplied at 
different times during the past three years b y  the 
Bureau of Standards. Tw o samples of benzoic acid 
were burnt, one from the Bureau of Standards and 
one th at had been carefully purified in this labora
tory; experim ent m arked No. 10 was on the latter 
sample. The agreem ent is all th at could be desired.

A ll the experim ents fell within the tem perature 
range 2 1-2 5 0 C. Since the tem perature rise measured 
was about 3 °, it follows th at the mean tem perature of 
an y experim ent did not differ from th at of any other

1 T hom sen's re su lts  in L and o lt-B o rn ste in :
Ni +  2N +  60 +  A « -  N i(N 0 3)jAq +  113,200 cal.

Cu +  2NT +  60 +  6 HA) — Cu (N0 2)2. 611,0 +  92,900 cal.
- Proc. Aitisr. Acad., 42, 5 7 3  (1 9 0 7 ) ;  7, physik. Chem.. 69, 5 3 2 ;  J . Am. 

Cliem. Soc.. 32, 4 3 1  (1 9 1 0 ) .
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by more than i° .  This is w orthy of mention be
cause in this neighborhood the heat capacity  of w ater 
changes b y  about 0.02 per cent, per degree. H ow
ever, since the m etal portions of the system  have a
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i 2 .4994 2 .9 0 9 ° — 0 .0 0 8 ° — 0 .0 0 3 ° 2 .8 9 8 +  ° 1 .1596° +  0 .05
2 2.5018 2.908 — 0.006 — 0.004 2 .898  + 1.1585 — 0.05
3 2.4987 2 .910 — 0.008 — 0.004 2 .898— 1.1597 +  0 .06
4 2.5004 2.909 — 0.006 — 0.004 2 .899— 1.1593 +  0.02
5 2.5035 .911 — 0.008 — 0.003 2.900 1.1583 — 0.07
6 2.2743 2.646 — 0.007 — 0.003 2.636 1.1590 0.00

A v e r a g e  r is e  p e r  g r a m  s u g a r  (w e ig h e d  i n  a i r )  — 1 . 1 5 9 1 ° . 
A v e r a g e  r is e  p e r  g r a m  s u g a r  (w e ig h e d  in  v a c u u m )  =  1 .1 5 8 4 ° . 

B e n z o ic  A c id .

7 1 .5089 2 .8 1 2 ° — 0 .0 0 7 ° — 0.003  ° 2 .802° 1 .8570° +  0.02
8 1 .5390 2.870 — 0.008 — 0.004 2.858 1 .8570 +  0.02
9 1 .5059 2.809 — 0.008 — 0.004 2.797 1.8574 +  0 .04

10 1.4467 2.698 — 0.008 — 0.003 2.687 1.8572 +  0 .03
11 1.5635 2.913 — 0.008 — 0.003 2.902 1.8561 — 0.04
12 1.5630 2.912 — 0.007 — 0.004 2.901 1.8560 — 0.04
13 1.6584 3 .090 — 0.008 — 0.004 3.078 1.8560 — 0.04

A verage rise per gram  benzoic acid (weighed in a ir) =* 1.8567°. 
A verage rise  per gram  benzoic acid (weighed in vacuum ) =  1.8552°.

larger tem perature coefficient of opposite sign, the 
effect of the changing heat capacity  of w ater is at 
least p artia lly  neutralized.

The internal agreem ent of the two series on sugar 
and benzoic acid indicates th at the new bomb can be 
safely used for work in volvin gjthe highest accuracy. 
The greatest deviation from the mean is 7 parts per

THE LATEST ACHIEVEMENTS AND PROBLEMS OF THE 
CHEMICAL INDUSTRY.1

B y  C a r l  D u i s b e k g .

P robably in no domain of human knowledge and 
endeavor have the combined forces of theory and prac
tice, intim ately acting and reacting upon each other, 
made such immense strides and led to the solution of 
such difficult problem s as in the Chemical Industry, 
an industry which, indeed, had its beginnings in the 
distant past, but in its vast developm ent and inter
national character is essentially a child of modern 
times. Success has so emboldened this industry that 
it considers itself capable of solving an y problem, pro
vided the men in its service are well trained in theory 
and practice and ready to devote them selves to the 
best of their ability, w ith patience and perseverance, 
to the object in view. This has been shown b y  the 
struggle between the contact process of producing 
sulfuric acid and the old “ cham ber process,” b y  the 
rivalry between the Solvay process and the Le Blanc 
method in the m anufacture of soda; b y  the production 
of nitric acid and its salts b y  direct oxidation of nitro
gen of the air under the influence of the heat of the 
electric discharge; b y  the m anufacture of ammonia 
from atm ospheric nitrogen indirectly i-ja calcium  cyan-

1 G eneral lec tu re  by  G eheim er R egierungsrat Prof. D r. C arl Duisberg, 
M anaging D irecto r of the  Farbenfabriken  of K lberfeld Co. E igh th  In te r 
n a tio n a l Congress of A pplied C hefhistry, New Y ork , Septem ber. 1912.

10,000 in the case of sugar and 4 parts per 10,000 in 
the case of benzoic acid. This is probably as close 
an agreem ent as can be expected from a m ercury 
therm om eter and, indeed, it compares very  favorably 
w ith the best work w ith  electrical thermometers.

The results described in this paper are not absolute, 
but are purely relative. Therefore, it is interesting 
to compare the ratio of sugar and benzoic acid. The 
ratio resulting from this series (vacuum  weights) is 
1.6014. A  sim ilar comparison of a very  high order 
o f  accuracy has been made b y  Em il Fischer and W rede.1 
T h ey have made two series of determ inations on ben
zoic acid. The ratio from their first and most con

cordant series is 47̂ j ^j _  x g00, ; th at from the 
i 6-545k J

.. , • ■ 26.472 . . . .average of the two series is —  — 1.6000; while
1 6 . 5 4 5

the ratio from their three highest determ inations 
o f benzoic acid is 1.6008. The differences between 
these ratios and th at found in this paper are respec
tively  0.07 per cent., 0.09 per cent., and 0.035 Per 
cent. The value of the ratio found b y  the Bureau of 
Standards is 1 .6 0 16 .3 The agreem ent here is even 
more satisfactory; in fact, it is identical within the 
possible experim ental accuracy. In spite of the con
cordance of their ratios the absolute values assigned 
b y Fischer and W rede and the Bureau differ b y  a 
quarter of a per cent. The reason for this discrepancy 
is not apparent at present.

U n i v e r s i t y  o f  I l l i n o i s ,

U r b a n  a .

amide, and d irectly b y  com bination w ith h ydrogen ; b y  
the replacem ent of m adder b y  alizarine, and of natural 
b y  synthetic indigo, as well as b y  innumerable other 
instances in the color, perfum e and pharm aceutical 
industries.

If I venture before an audience not w holly consisting 
of chemists, w ithin the brief period of an hour, to de
scribe the latest achievem ents of the chem ical industry 
and to recount the problems th at are engaging our' 
attention, I m ust restrict m yself to a great extent both 
in the choice of the subject m atter and its mode of 
presentation. We can, indeed, m erely touch upon the 
most im portant happenings in our industry and must, 
from  the very outset, refrain from a thorough discussion 
of the subject, either from the purely chem ical or the 
technical - side. However, w hat cannot be described 
for lack of time, and w hat we should very  much like 
to add for the sake of those chem ists who are present, 
is illustrated b y  our rich collection of diagrams, prod
ucts and m aterials of all kinds. W hat can neither be 
mentioned in m y paper nor illustrated b y  these exhib
its, will be dem onstrated b y  means of lantern slides, 
and, should you possess patience enough, I shall show 
you  at the conclusion of m y address one of the newest 
factories which the German Chem ical Industry has

1 Sitzber. K . Acad. Berlin , 19, 20, 21, 687 (1904) ; Z . physik. Chem., 53, 
161 (1903); 69, 218 (1909); 75, 81 (1910).

2 P rivate  com m unication  from  D r. W . F . H illebrand.

ADDRESSES
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built on the Rhine, w ith its various m anufacturing de
partm ents and, above all, its provisions for the welfare 
of its employees.

In the spirit of Faust, “ W ho brings much will bring 
sorpething to m an y," I invite you to m ake a flight with 
me in an airship, as it were, over the fields where the 
Chemical Industry holds sw ay and, from our point of 
vantage, to take a bird ’s-eye view  of the latest achieve
m ents of this industry. Now and then, we shall make 
a landing and exam ine the most attractive  features a 
little  more closely.

P r o d u c t i o n  o f  P o w e r .— The question of power, 
which is of the utm ost im portance in ever}'’ industry 
and especially in the great synthetic processes by 
means of which nitric acid and amm onia are m anu
factured, is now dom inated b y  the perfected utilization 
of hydraulic power and the developm ent of the turbine. 
N ot only does the transmission of electric energy ren
der it possible to utilize water power a t great distances, 
but it also perm its the transmission of power evolved 
at the coal mines and the peat fields to distant points, 
thus elim inating the necessity of transporting the fuel 
itself. R ecently, we also learned to apply the principles 
of the w ater turbine to the steam turbine. B u t this ad
vance over the piston steam engine, which W att so in
geniously constructed about 150 years ago, has already 
been surpassed b y  benzine, petroleum  or oil motors 
(Diesel motors), and, above all, b y  the reliable gas 
engines which are driven b y  blast furnace gases, Mond 
gas, and, more recently, b y  peat gas.

P r o d u c t i o n  o f  B y - P r o d u c t s .— The m anufacture 
of by-products goes hand in hand w ith  this more direct 
generation of energy from fuel. These products 
include ammonium sulphate, of such great im portance 
in agriculture, and the tar distillation products so in
dispensable in the color industry. The latest and 
most rational method of utilizing the peat or turf beds, 
so plentiful in Germ any and in m any other countries, 
is practiced in Schweger Moor near Osnabruck accord
ing to a process discovered b y  Fran k and Caro. There, 
peat gas is produced and utilized and amm onia ob
tained as a by-product, the required power being 
generated in a 3,000 H. P .  central electric power sta
tion. The moorland, after rem oval of the peat, is 
rendered serviceable for agricultural purposes.

A t th at place, nearly 2,500-2,600 cubic meters of 
gas w ith 1,000-1,300 calories of heat were obtained 
from 1,000 kg. of absolutely water-free peat in the 
form of air-dried peat w ith 45 to 60 or 70 per cent, of 
moisture. This gas represents energy equal to 1,000 
H. P. hours, equal to 700 kilow att hours, after de
ducting the heat and power used for the operation of 
the gas works. In addition 35 kg. of ammonium sul
phate were produced from the above qu antity  of peat 
which contains 1 per cent, of nitrogen.

The greatest problem of power production, the direct 
conversion of coal into electric energy by means of 
gas batteries^ a problem which we had hoped to solve 
25 years ago, is still to-day nothing more than a dream.

P r o d u c t i o n  o f  C o l d .— Besides the problem of power 
and heat, the question of refrigeration is one of growing 
im portance to the chemical industry. Instead of the

amm onia machines w ith which a tem perature of — 200 
C. can be attained, we em ploy to-day sulphurous acid 
machines or, better still, resort to the carbonic acid gasi- 
fier which yields a tem perature o f — 40 0 C. I t  is hoped 
in the near future to produce refrigerating machines, 
which, by the use of suitable hydrocarbons, will g ive 
tem peratures of — 800 C. P lants for the liquefaction 
of air, producing as low a tem perature as — 190° C., 
are becom ing more and more common and are especially 
profitable where gas m ixtures, rich in oxygen, or where 
pure nitrogen, which is sim ultaneously produced, can 
be utilized. Diagrams showing the process invented 
b y  Linde for the rectification of liquid air w ith the 
object of isolating nitrogen and oxygen are exhibited 
here. The Badische Anilin and Soda F abrik  in Lud- 
wigshafen on the Rhine intends to m anufacture h y
drogen from w ater gas in a sim ilar w ay  and to utilize 
the carbon monoxide, which is sim ultaneously obtained, 
as a source of power. In a large plant which is being 
erected, the firm is going to produce amm onia syn 
thetically  b y  combining, according to H aber’s inven
tion, pure nitrogen, obtained b y  the liquefaction and 
rectification of air, w ith hydrogen m anufactured as 
above. Particulars about this process will be given 
during the Congress b y  Professor Bernthsen in his 
lecture on "S yn th etic  A m m onia.”

S i z e  o f  A p p a r a t u s .— Influenced by the Solvay 
process for the m anufacture of soda and its pecuniary 
advantages, the apparatus used in the chem ical in
dustry have enormously increased in size. In this 
respect the United States, no doubt on account of the 
exam ple set b y  the iron industry with its b last fur
naces w ith a daily capacity  of 500 tons, its giant con
veyers (50-ton wagons), its huge hoisting cranes, is 
ahead of other countries. B ut careful calculations 
have proved th at there is a lim it in this direction. 
The failure, on account of size, of the M actear sulfate 
furnace, w ith a daily output of 25 tons, is well known, 
while the mechanical sulfate furnace of the Verein 
Chemischer Fabriken in Mannheim, which produces 
only 7 tons a day, is a success everywhere. I t  is not 
im probable th at the high cost of construction and the 
great loss which accidental stoppage entails w ill ne
cessitate a reduction in size of the wonderful W edge 
furnace, a creation of the U nited States, which roasts 
30 tons of iron pyrites per day.

In the organic chem ical industry, the iron vessels for 
chlorination, sulfonation, nitration, reduction and 
oxidation, as well as the wooden tanks in w hich we 
diazotize and produce colors, have developed from  the 
small vessels and vats of former years into apparatus 
of m ighty size, their lim it being generally determ ined 
b y the capacity  of the mechanical industry. B u t here, 
too, the m istakes which often occur in m anufacturing 
processes and the extra  losses which th ey involve, 
teach us th at a wise moderation should be exercised.

W herever possible, continuous operations have re
placed those processes which worked interm ittently. 
In this w ay loss of tim e and expense, caused b y  cooling 
and reheating, are avoided. This is exem plified b y  
U ebel’s new method of the production of nitric acid 
from Chili saltpetre with retorts lying above each
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other and w ithout stirrer, and b y  th at of the Badische 
Anilin and Soda Fabrik, where the chambers are back 
of each other w ith stirrer, these methods having re
placed the old single retort process.

M a t e r i a l s  f o r  A p p a r a t u s .— A s regards m aterials 
for chem ical apparatus several new wares m ust be 
referred to:

Quartz.— A p art from the fact th at the saltpetre 
industry of N orw ay taught us how to absorb dilute 
nitrous gases in towers 20 meters high, made of granite, 
a substance which was rarely used for chem ical pur
poses, we have to-day at our disposal tubes, dishes 
and vessels of fused quartz, which are stable against 
acids and heat and which are m anufactured in the 
same sizes and dimensions as the well known earthen
ware vessels.

Refined Steel.— The greatest progress, however, has 
been made in the m anufacture of iron alloys or refined 
steel.

Thanks to the kindness of Friedrich K rupp, of Essen,
I am in the fortunate position to describe a large 
num ber of hitherto unknown substances of great im
portance, of which I exhibit m agnificent specimens, 
photographs, and lantern slides. Just here, however, 
I m ust ask you to m ake one of the landings from the 
upper air and perm it me to deal w ith the subject at 
greater length. Y o u  will be astonished at the immense 
progress which has been made to the general benefit 
of our industry.

Of the greatest interest are the alloys of iron with 
other heavy m etals and metalloids, i. e., alloyed steel.

Instead of carbon, other elements are employed, 
which likewise enhance the hardness of steel, but pre
vent the form ation of a crystalline micro-structure 
liable to cracks and flaws. The most im portant of 
these elements is nickel.

N ickel Steel.— The readiness w ith which nickel forms 
an alloy w ith iron has long been common knowledge. 
E ven  in Bessem er’s days, attem pts were made in 
Great Britain to turn out cannons made of steel con
taining 2 per cent, nickel. The experiments were 
not successful because the nickel obtained a t th at time 
contained impurities, such as copper, arsenic and sul
phur, so th at the steel could not be forged. T h irty  
years later pure nickel, as we know  it to-day, made 
successful results possible. The same was the case 
w ith chromium, silicon and manganese, and not until 
these elements were produced pure, could successful 
alloys be m anufactured w ith them, either alone or 
together w ith nickel. The chief aim in the m anu
facture of these alloys is the form ation of an am or
phous, pliable structure of the steel. This result is 
attained not only b y  rem oving more or. less carbon, 
but above all b y  a certain therm ic treatm ent, namely, 
b y  suddenly cooling steel heated to a high tem perature, 
heating again and keeping it a t a certain lower tem 
perature. Here you  can see tw o samples of steel; in 
the one case, the coarse crystallization of the pure 
carbon steel before it is forged, and in the other, the 
same steel refined by the therm ic treatm ent. The 
difference in the m icro-structure of the forged carbon 
steel and th at of the forged and therm ically treated

nickel steel m ust also be noted. W hile carbon steel 
after forging still shows a crystalline structure w ith 
visible cleavage planes of the crystals, the section of 
nickel steel displays an amorphous structure closely 
resembling that of welded iron. For comparison sake, 
a sample of a welded iron fracture is exhibited. It 
must not be overlooked, however, th at nickel and 
chrome-nickel steels are tw ice or three tim es as hard as 
welded iron. There are also exhibited test pieces of 
alloyed steel construction parts to be used in the 
autom obile industry. N otw ithstanding the high 
tensile strength of about 90 kilos per square 
millimeter (i . e., about 55 tons per square inch), no 
fracture is noticeable although they are greatly  bent.

Aside from these im provements, which are of such 
great moment for structural steel, the iron alloys have 
found m any new applications.

I m erely mention the different, nickel alloys for ship
building, electric appliances, and for valves. These 
valuable alloys containing 23 per cent, and more 
nickel, are non-magnetic, and not affected b y  atm os
pheric influences; those containing 30 p ercen t, nickel 
possess great resistance to electricity, while the co
efficient of expansion of steel w ith 45 per cent, nickel 
is only one-twentieth of th at of ordinary steel and not 
greater than th at of glass.

Chromium, Tungsten and Molybdenum Steil.— It is 
a very  interesting and novel fact that by the therm ic 
treatm ent alone the m icro-structure of the cheaper 
kinds of unalloyed iron plates and iron shapes is so 
changed th at it becomes three tim es as resistant to 
the destructive effect of acids. If  alloys of iron w ith 
chromium, tungsten, m olybdenum  and aluminum in 
certain proportions are therm ically treated, this resis
tance is increased five-fold, as is shown b y  samples of 
ordinary carbon steel and chrome-nickel steel which 
underwent a treatm ent w ith dilute sulfuric acid for 
56 days.

A n alloy of ordinary iron w ith 5 per cent, nickel is 
an excellent m aterial for w ithstanding hot caustic soda. 
Most astonishing properties are displayed b y  steel 
alloys containing more than 10 per cent, of chromium 
and a small addition (2-5 per cent.) of molybdenum. 
Such alloys are m anufactured in the form of malleable 
cast and forged iron pieces b y  K rup p according to the 
patents of Borchers and M onnartz in Aix-la-Chapelle 
and in the form of rolled tubes by the Mannesmann 
Rohrenwerken in Rem scheid. These alloys are in
soluble not only in dilute hydrochloric acid and sul
phuric acid, but also in dilute nitric acid, even w ith 
the addition of alkali-chlorides, and if th ey contain 
about 60 per cent, chromium, 35 per cent, iron, and 
2-3 per cent, molybdenum  they withstand even boiling 
aqua regia. Y o u  see here samples of this extraordinary 
steel, after treatm ent w ith acids, compared w ith ordi
nary steel and cast iron.

Tool Steel.— It m ust be especially mentioned th at 
the alloys of iron w ith chromium, tungsten and m olyb
denum tempered b y  a special process invented b y  two 
Am ericans, T aylor and WhitS, find most im portant 
uses as quick turning steel for all kinds of tools.

Vanadium Steel.— The most recent im provem ents in
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the m anufacture of steel for tools which m ust of ne
cessity keep pace in hardness w ith structural steel 
have been made by the em ploym ent of vanadium . 
U nfortunately, this m etal whose use is steadily in
creasing is still very  dear, and the chem ists’ problem 
is to produce it more cheaply. If the price could be 
reduced perceptibly, m etallurgists prophesy a great 
future for this metal, which exercises a very  favorable 
influence on the m icro-structurc of steel.

Of great im portance are those alloys of iron with 
chromium, tungsten and vanadium  which possess a 
high degree of hardness even a t 400 “-50 0 0 C. They 
are needed b y  engineers for the construction of steam 
turbines and for the embossing and spraying of metal 
objects heated to redness, a process which has lately 
found extensive application. Chemists use these 
kinds of steel whenever chem ical reactions are carried 
out at high tem peratures and pressure, e. g., for the 
synthesis of ammonia according to H aber’s process.

The very latest alloy has now been patented and is 
being m anufactured b y  K rupp for the construction of 
safety vaults and safes. This steel can neither be 
drilled nor exploded, nor can it be cut b y  the oxy- 
hydrogen flame.

Tw o samples of steel are exhibited, one of ordinary 
steel in which great holes have been cut in 5V2 minutes 
b y  using an oxy-hydrogen flame and in 6 minutes by 
an oxy-acetylene burner, and a specimen of this new 
alloy which has remained intact after being treated 
w ith the same oxy-hydrogen and oxy-acetylene flames 
for 1V2 hours. Let us hope that on this hard and 
infusible m aterial the scientific safe-burglar will exer
cise his noble art in vain.

Manganese Steel.— Of the alloys made with man
ganese, the manganese steel or hard steel, first produced 
by Robert Hadfield, because of its great wearing 
qualities, is chiefly used for cast iron parts of disinte
grators and rails of electric tram w ays. On account of 
its hardness, this steel is not malleable, but it can be 
bent in the cold state and is thus very safe against 
breaking. It is therefore of much interest to the chem i
cal industry where, in almost all branches, grinding 
operations are carried out.

Silicon Steel.— Finally, I wish to refer to alloys of 
iron and silicon which contain 1.5-2.5 per cent, silicon 
and a high percentage of carbon. This steel is excel
lently adapted for tools and springs which m ust stand 
high strain. Since steel alloys containing much silicon, 
although brittle and porous, have proved very stable 
against acids, they are now being used more and more 
where such-a property is of importance.

A lloys w ith about 4 per cent, silicon, but very poor 
in carbon, are of greater value than the above. Robert 
Hadfield first pointed out the im portance of this alloy, 
while K rupp, working in connection with Capito and 
Klein, a firm of fine-plate rollers in the Rhineland, 
considerably im proved it and introduced it for electric 
purposes. I t  is em ployed in large quantities in the 
form of sheets of 0.35 mm. inch) thickness for
the construction of dynamos, alternate-current motors 
and transformers. In Germ any alone, the consum p
tion of this alloy already am ounts to 8,000 tons a year.

This m aterial has a resistance to electricity 4 or 5 
tim es greater than th at of ordinary iron and loses only 
half as m any w atts, so that the injurious Foucault 
currents are reduced to a minimum. The m anufacture 
of transform ers has therefore become much cheaper, 
for the proportion between iron and copper is much 
more economical. The production of this silicon iron 
alloy with its very  low percentage of carbon, and that 
of the chrome-nickel steels alm ost free from carbon, 
became possible only a fter siliconandchrom ium , entirely 
free from carbon, could be m anufactured b y  electric 
sm elting processes.

Electro-Steel.— Since the electric sm elting furnace 
has come into use in the steel industry, the problem of 
removing sulphur, which engaged the attention of 
chemists for so m any years, has been solved. It  has 
been found that the electric furnace process produces 
a slag free from metal, and such a slag is the prime 
requisite for the com plete desulphuring of the steel 
bath.

Electrolytic Iron.— Superior to the silicon steel, poor 
in carbon, in its electric properties the “ Id eal” metal 
for electrom agnets, is the pure electrolytic iron— first 
produced b y  Franz Fischer, of Charlottenburg, and 
now m anufactured by the firm Langbein-Pfanhauser 
& Co., Leipzig. Form erly it was impossible to pro
duce it free from hydrogen, consequently it was hard 
and brittle and was not malleable. Only b y  electro- 
lyzing at io o ° - i2 o °  C. and em ploying an iron salt 
solution mixed w ith hygroscopic salts, such as calcium 
chloride, the iron became free from hydrogen. Its 
hardness then sinks far below th at of silver and gold 
and is not much greater than that of aluminum. It 
possesses the valuable property of becoming m agnetic 
more quickly  than ordinary iron containing carbon or 
silicon, and also of again losing its magnetism more 
readily, thus considerably increasing the efficiency of 
electro-motors for which it is used. Am ong the 
exhibits, you will find several objects made of this 
electrolytic iron ; for example, a cathode made from an 
electrolytic iron plate during 5 days of uninterrupted 
operation; also plates made by rolling; further a motor 
which, if constructed of silicon iron, would furnish 
0.5 H. P., but being composed of electrolytic iron, 
though in use for several months w ithout appreciable 
signs of wear, it now furnishes 1.3 H. P., in other words, 
it is 2i/3 times as efficient.!

W ith all these new materials at our disposal, among 
which I must also mention copper, with 10 per cent, 
silicon, and copper nickel, we shall surely be able to 
im prove all sorts of chemical apparatus that suffer so 
much from wear and tear.

A fter this short invasion of the domain of m etallurgy, 
we shall now turn our attention to the chem ical indus
try  proper, first dealing with the m anufacture of the 
heavy inorganic chemicals.

S u l p h u r i c  A c i d .— The trium phal progress of the 
contact process for the m anufacture of sulphuric acid 
in the United States scarcely has its parallel in Ger
m any, where it originated. Platinum , in spite of the 
fact th at its price has increased three-fold, is still our

1 Sec Zeitschrift fu r  Elektrochemie, No. 16 (1909).
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principal contact agent. A s it is possible to carry 
out other contact processes w ith various contact 
materials, we shall certain ly find other agents than 
platinum  available for sulphuric acid anhydride. It 
ought therefore to be a fruitful field for research to 
find cheap substitutes for platinum . In the 20 years 
th at have elapsed since K nietsch first successfully 
carried out the contact process, the Am ericans have 
increased their output three-fold for the same weight 
of platinum . Nevertheless, the old lead-cham ber pro
cess still com petes with the new method, and the 
steady im provement of this process and the p u rity  of 
the resulting acid m ust be acknowledged. In fact, 
the lead-cham ber process promises to make further 
progress in the future in view  of the success of Falding’s 
high cham bers and Opls towers in which large quanti
ties of acid flow down.

The Gaillard tow er is supreme for concentration and 
recovery of the acid and for the regeneration of the 
various waste acids.

A m m o n i u m  S u l p h a t e .— A  new w ay of m anufac
turing sulphuric acid, together w ith ammonia, from 
the gases which are produced b y  the dry distillation of 
coal, is looming above the horizon. Burkheiser is 
seeking, w ith the aid of especially prepared w et iron 
compounds, to bind the sulphur, sim ultaneously ab
sorbing cyan, and to convert the ammonium sulphite 
thus produced into ammonium sulphate b y  oxidation 
with atm ospheric air.

In com petition w ith Burkheiser, W alter Feld is 
endeavoring to recover sulphur directly as ammonium 
sulphate b y  a series of interesting reactions, in which 
thiosulphates p lay  an im portant part. Such plants 
are in operation in Königsberg and here in New Y ork.

N i t r o g e n  C o m p o u n d s .— So much has been written 
concerning the progress made in the last 5 years in the 
utilization of atm ospheric nitrogen, th at I need not 
enter into a description of B irkelan d-B yde’s, Schon- 
herr’s or Pauling’s process for the direct oxidation of 
nitrogen b y  means of the electrical discharge, nor of 
Frank-Caro’s method of forming cyanam ide from car
bides [the world production of cyanam ide is, a c
cording to Dr. N .  Caro, 120,000 tons per year, of 
which 31,000 tons are m anufactured in Germ any 
(16,000 in Trostberg and 15,000 in K napsack near 
Cologne), 19,000 tons are made in N iagara Falls b y  the 
Am erican Cyanam ide Co., and during the next three 
years the total production is to be increased to 200,000 
tons], nor is it necessary to describe the Serpek process 
for the production of amm onia from alum inum  ni
trides combined w ith the utilization of alum ina which 
is sim ultaneously obtained. * I will mention, however, 
that the problem of concentrating the dilute nitric 
acid, as obtained in .the large absorption apparatus 
from nitrous gases, has been solved by Pauling’s 
method, in which sulphuric acid is used in a battery  
of towers. I t  is also possible now to econom ically 
convert cyanam ide into amm onia and this again into 
nitric acid.

S o d a  a n d  C h l o r i n e .— The 50-year old Solvay pro
cess, which has conquered the whole world, still remains 
m aster of the situation. This is all the more rem ark

able since it is still im perfect as far as the yield is con
cerned ; a quarter of the salt used in the process is lost 
as such and the whole amount of chlorine in the form 
of calcium  chloride.

Although the m aterials em ployed in the L eB lan c 
process are com pletely utilized, this fact will not g ive 
it any chance of surviving, and it would seem to be 
now chiefly of historical interest.

N ot less rem arkable is the 25 years’ career of the 
alkali-chloride electrolysis. The lim ited m arket for 
chlorine compounds and the great space taken up by 
the electrolyzing baths were great obstacles to the 
progress of this apparently simple method. F or the 
same reasons the most approved processes, such as the 
Griesheim cem ent cell, the quicksilver cathodes of 
Castner and his successors, the Aussig Bell and the 
wire-gauze diaphragm  of H argreaves, w ith its m any 
varieties, of which the Townsend cell is the latest and 
best, did not develop as expected. The lim ited de
mand also quickly restricted the operation of the bril
liant method of m anufacturing chlorates b y  electrolysis.

T i n .— Tin is not only produced from natural ores, 
but also in more than 20 detinning establishm ents 
from tin-plate and tin-can w aste; 200,000 tons of tin 
plate waste are subjected to this treatm ent and about 
24 million Marks ($6,000,000) worth of tin  and iron 
are recovered. The electrolytic detinning process, on 
account of high wages, the great cost of current, and 
the considerable m anufacturing loss, has been re
placed— where there is a m arket for chloride of tin—  
by the patented process of Thom as Goldschm idt, of 
Essen. This process takes advantage of the properties 
of chlorine gas, in the dry state, to greedily take up 
tin w ithout reacting on iron if certain tem peratures 
are observed. Instead of the inferior q u ality  of elec
trolytic tin mud, which m ust be converted into m ar
ketable tin b y  costly sm elting operations, the new 
process yields an anhydrous tin chloride used in large 
quantities for weighting silk. The detinning with 
chlorine is not carried out w ith cuttings, as in the 
electrolytic process, but w ith  waste pressed in hard 
packages so th at 20 times as much m aterial can be 
treated in the apparatus a t the same time. In the 
United States this process is operated b y  the Gold
schmidt Detinning Com pany of New Y ork.

R e d u c i n g  a n d  O x i d i z i n g  A g e n t s .— One of the 
most brilliant successes in applied chem istry has been 
achieved b y  the persevering experim ents of some 
chemists with a long neglected substance, the consti
tution of which had never been properly understood. 
The old hydrosulphite of Sehutzenberger, rendered 
stable and easily transportable in powder form as an 
anhydrous sodium salt or as R ongalite in com bination 
with formaldehyde, has now become a most im portant 
article of commerce. It is chiefly used in v a t dyeing 
and for reducing purposes in general, such as stripping 
dyed fabrics and as Decrolin for bleaching sugar.

P e r o x i d e s , P e r s u l p h a t e s  a n d  P e r b o r a t e s .— Per- 
oxid of hydrogen and its derivatives a t present find 
less favor in' commerce, although their future appears 
to be very  brilliant. R ecently  the Farbenfabriken 
vorm. Friedrich B ayer & Co. succeeded in rendering
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this im portant oxidizing agent, which easily decom
poses and can be m arketed only in w ater solution, 
solid and stable b y  the addition of urea.

This powder is in the m arket under the name of 
Ortizon, but on account of its relatively  high cost is 
intended not so much for technical as for hygienic and 
pharm aceutical purposes.

The interesting m anufacture of sodium peroxid 
from sodium and the m any scientific investigations of 
the persalts, have not been followed b y  great com mer
cial success. The persulphate and perborate, how
ever, the latter under the name of “ Persil,”  are being 
m anufactured on a large scale. The reason of this 
failure seems to be the high cost of production.

R a r e  M e t a l s  — The most interesting alloys dis
covered b y  M uthmann and A uer have found little 
application in the arts, and the use of cerium and 
thorium preparations is still confined to the incan
descent gaslight industry. Only the “ Auermetal',"’ 
consisting of 35 per cent, iron and 65 per cent, cerium, 
is em ployed and this only to a lim ited extent for the 
m anufacture of pocket cigar lighters.

In . the m etal filam ent lamp industry, tungsten, 
which shows the highest m elting point of all metals, 
nam ely 3100° C., has replaced tantalum , which melts1 at 
about 2300° C. This became possible only a fte i ! suc- 
cessful experim ents to render • the m etal ductile b y  
hammering.

The elements cadmium, selenium and tellurium  are 
obtained in great quantities as b y-p rodu cts; the first is 
produced" in the zinc industry and the other two from 
the Tellur gold ores found in Cripple Creek, Colorado. 
Although sold at relatively low prices they find but little 
use in the industries.

A r t i f i c i a l  P r e c i o u s  S t o n e s .— Finally, I will, in 
but a few words, touch upon a new industry, viz., the 
synthetic m anufacture of precious stones from  alum ina 
w ith additions of chrome oxide, iron oxide or titanic 
acid. Artificial rubies and white, yellow  and blue 
sapphires, which cannot be distinguished from natural 
stones, are being m anufactured in great quantities in 
Paris and recently also b y  the Electrochem ische 
W erke, Bitterfeld. T h ey are- used extensively for 
jew elry and especially as bearings in watches and 
measuring instruments.

A ll this will g ive you a strik in g picture of the de
velopm ent of inorganic-chem istry which is takin g a 
more and more im portant position beside organic 
chem istry.

A p p l i e d  O r g a n i c  C h e m i s t r y .— -In the organic 
chem ical industry the reactions are considerably more 
com plicated and the apparatus m ostly sm aller than in 
the inorganic industry. Here the chemist, l ik e ’ a 
juggler, with -his balls, gives every- atom  1 a definite 
position7 in the m an y 'th ou san d  com binations which 
earbo'h-"forms-' w ith 'hydrogen;,oxygen ;- nitrogen- and 
sulphur,’ and -there exist th e  m ost varied reactions and 
processes which m ay lead to the same result. This 
chem istry of th e■■ carbon compounds has been most 
wonderfully perfected in the coal-tar color industry, 
and in every factory of this branch there are hundreds 
of scientifically trained chem ists alw ays experim enting

and daily finding new com binations possessing proper
ties of technical value. Before these products become 
finished articles to be sold as colors, perfumes or 
pharm aceutical preparations, they m ust further go 
through a series''of numerous interm ediary operations, 
which finally lead to the m arketable chemicals.

C o a l - T a r . — T h e  s t a r t i n g  m a t e r i a l  o f  t h e  i m p o r t a n t  

c o a l - t a r  c o l o r  i n d u s t r y  ' i s  t h e  b l a c k  t a r  w h i c h  is  o b 

t a i n e d  b y  t h e  d r y  d i s t i l l a t i o n  o f  c o a l  a n d  is  k n o w n  t o  

c o n t a i n  a b o u t  1 5 0  d i f f e r e n t  c h e m i c a l  p r o d u c t s ,  o f  

w h i c h ,  a s i d e  f r o m  c a i - b o l i c  a c i d ,  t h e  a r o m a t i c  h y d r o 

c a r b o n s ,  b e n z o l e  a n d  i t s  h o m o l o g u e s ,  t o l u o l  a n d  x y l o l ,  

n a p h t h a l e n e  a n d  ' a n t h r a c e n e ,  ‘piny t h e  g r e a t e s t  p a r t .

More recently carbazol has been isolated from tar 
on a large scale ¿rid has becom'e a most im portant raw 
m aterial fd¥ the m anufacture of the color “ H ydron- 
b lue” b y  Leopold Cassella & Co., Fran kfort a/M. 
H ydronblue is a sulphur dyestuff distinguished b y  its 
fastness against washing and chlorine. Acenaphthen, 
which also occurs in coal-tar as such, is the starting 
m aterial of a red va t dye “ Cibanonred,”  discovered by 
the Society of Chemical Industry in Basle. I t  is to be 
regretted th at hitherto no technical use has been found 
for phenanthrene, which is also one of the constituents 
of tar.

Besides carbolic acid, its hornologues and the various 
cresols, etc., are being isolated b y  Dr. F. R aschig in 
Ludwigshafen on the RhineJ These substances are 
largely em ployed in the m anufacture of explosives and 
coloring matters.

As long as coal gas is produced for illum inating and 
heating purposes and as long as coke m ust be used for 
the reduction of iron ores, tar will alw ays remain the 
cheapest raw m aterial for the m anufacture of these 
hydrocarbons. But/; since it m ay become necessary 
in the future— as is already possible to-day— to use 
coal iri a more rational w ay, a t the same tim e producing 
hydrocarbons, the" coal-tar color industry need not 
fear a scarcity  of this1 im portant raw  m aterial, the less 
so as certain kinds Of petroleum, e. g., Borneo petro
leum, contain larg e ' quantities of arom atic hydrocar
bons from  which the Rheinische Benzinwerke, in 
Reisholz near T)usseldorf, has already isolated toluene 
in 'the: form of nitrotoluene in a commercial w ay. If, 
however, a; still greater demand for these hydrocarbons 
should occur, other methods of obtaining them  m ust 
be found. W e shall then surely succeed in producing 
them syn thetically  either directly from  the elements 
carbon and hydrogen or indirectly from  carbide of 
calcium  b y  passing acetylene through glow ing tubes— a 
reaction -which was already carried out successfully 
in the early ¿ixties of the last century b y  Berthelot 
and recently b y  Richard Meyer. A t the present tim e 
about one-quarter of G erm any’s- annual output 6'f 
coal is converted into coke', viz'.', 26 per cent.; for foun
d ry  purposes'¿lid  4 per ce n t;‘ in 'ga s works, w hile': in 
England-the;quantities are ii^per cent, and 6 percen t., 
respectively. .

D i s t i l l a t i o n  o f  T a r .— The point of greatest im
portance in th e ‘distillation of tar is still the separation 
and isolation, in  the cheapest possible w ay, of the 
different hydrocarbons in their purest form. The
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stills have been con tin u ally: enlarged, those em ployed 
to-day having a capacity  of 60,000-80,000 liters 
(13,000-17,500 gallons). On the other hand, a con
tinuous process, such as is possible in the bitum inous 
coal-tar industry, has not y e t been found. A  large 
num ber of patents have been taken out for apparatus 
intended to solve this problem, but none of them have 
proved satisfactory in practice.

O r g a n i c  I n t e r m e d i a t e  P r o d u c t s .— The conversion 
of the arom atic hydrocarbons into interm ediate pro
ducts necessary for the color industry is alm ost alw ays 
carried out b y  treatm ent w ith concentrated sulphuric 
and nitric acid and subsequent reduction of the thus 
obtained nitro-compound b y  means of m etals or 
m etallic oxides and sulphides. In the production of 
amines, iron is the principal agent of reduction, 
while zinc and tin are m ostly used in the production 
of azo-compounds. .The electrolytic reduction has 
not proved useful for these processes'.

The methods of producing nitro- and amido-com- 
pounds have been very  little  changed as far as chemical 
operations are concerned, but w ith the increase of 
their production their poisonous properties became 
more and more apparent and forced m anufacturers to 
m odify the processes so th at th ey could be carried out 
in tig h tly  closed vessels in order to protect the life and 
health of the workmen.

In Germ any legislation has been recently enacted, 
based on the experience of the individual factories, 
which lays down rules and regulations for strict ob
servance.

Several tfinitro-com pounds have been shown to be 
explosives, and, like trinitrotoluene, are now largely 
em ployed as substitutes of picric acid in the m anu
facture of explosives.

The introduction of oxy-groups into  the molecule is 
m ostly brought about b y  m elting sulpho acids with 
alkalies, and, according to more recent methods, w ith 
alkaline earth metals, such as calcium  and barium 
hydrates. Since chlorine, produced electrolytically, is 
obtainable in unlimited quantities and chem ically 
pure, chlorine substitution derivatives of the hydro
carbons have been em ployed for all kinds of synthetical 
purposes. M any of these chlorine derivatives can not 
only be converted into oxy-derivatives b y  melting 
w ith alkalies, but, like paranitro-chlorbenzole, they 
also directly exchange their chlorine for an amide 
group when treated w ith  amm onia or its derivatives. 
Colors also often change their shade when a halogen 
atom  is introduced into their molecule and acquire 
more valuable properties. Chlorine has therefore 
proved exceedingly useful in the preparation of inter
m ediate products and will undoubtedly become of 
still greater service in the future.

In the naphthalene series, the m ethod discovered by 
Bucherer and Lepetit for the conversion of the hydroxyl 
group-into the amido group am i vice versa, em ploying 
sulphurous' acid esters, has proved of great practical 
value. Phosgene, too, is to-day being more and 
more em ployed. Several decades ago it became an 
im portant substance-for the production of the urea of 
param idobenzolazo-salicylic acid, introduced into the

m arket, under the name of “ Cottonyellow ,” as a 
beautiful yellow  cotton color of great fastness to light. 
Its principal use, however, was for the m anufacture 
of the bright but fugitive triphenylm ethane colors. 
It  is now especially used to combine 2 molecules of 
arom atic compounds w ith free amido groups, thus 
producing urea derivatives, and ' if the starting ma
terial is an azo color, the resulting urea derivative is, 
as a rule, much faster to light than the original color. 
Im idazol, thiazol and azim ido compounds of the m ost 
varied kinds are also m anufactured and converted into 
azo colors.

In the series of the aldehydes and carboxylic acids 
there are no epoch-m aking discoveries to be recorded. 
Chemists still start from  hydrocarbons chlorinated in 
the side chain or directly oxidize the homologues of 
benzole. K olb e’s synthesis of salicylic acid, of \vhich 
large quantities are used in the color industry, is also 
applied a t an ever-increasing rate for the production 
of the oxycarboxylic acids. B ut the direct introduc
tion of the carboxylic group into the benzole molecule, 
unsubstituted b y  hydroxyl, is a greatly  desired 
achievem ent which, however, has not y e t been a t
tained. It  is also a m atter of greatest im portance th at 
in substitution reactions of the arom atic nucleus we 
should be able to v a ry  at will -the ratio of the isomers 
to be formed.

Besides the biochem ical production of ethyl alco
hol from wood waste and from the waste liquors of the 
sulphite cellulose industry, I wish to mention the 
synthesis of organic compounds b y  the addition of 
w ater to acetylene. In this m anner we produce in a 
simple w ay acetaldehyde, which can be easily con
verted into acetic acid, a very  im portant starting 
m aterial for the m anufacture of numerous products.

The steady search for new raw  m aterials and new 
intermediate products to be utilized in the m anufacture 
of colors has often been crowned w ith  success. W e 
need only to recall the m any interm ediate products 
which have been made available for the production of 
v a t dyes and sulphur colors and which have led to 
the ’ discovery of new substances w ith  m ost valuable 
properties. V ery often new lines of research are not 
alw ays based upon preconceived theoretical • ideas, 
but are opened up b y  mere accident. A  keen power 
of observation, however, is the m ost necessary equip
ment of the chem ist who aim s a t success.

C o a l - T a r  C o l o r s .— In no branch o f; technical 
chem istry has such intense w ork been performed as 
in th at of the coal-tar color industry. The outsider 
long ago m ay have thought th at so m uch had been 
accomplished in this field th at nothing more was left 
to be done. The countless dyestuffs, giving all the 
colors of the rainbow, m ight well have given rise to 
the belief th at there was already a  surplus. B u t here 
the-course of events was ju s f  a-s it generally is 'n r life . 
W ith  growing p ossession s,m an ’s : needs''and demands 
also m ultiply. W hile people were form erly content 
to produce w ith coal-tar colors every possible shade 
in undream t-of brightness in the simplest w ay, they 
gradually began to m ake m ore-an d  more exacting 
demands as regards fastness. N ot only had m aterials
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to be dyed a pleasing shade, but they also had to be 
fast to washing and light. Thus new, alluring prob
lems were subm itted to the color-chemist, and his 
indefatigable efforts have already carried him a long 
w ay  tow ards the desired end. Strange to say, among 
the public, you will frequently meet the view  that 
artificial colors do not g ive  fast dyeings. This is a 
decided error which cannot be too em phatically con
tradicted. To-day we can produce alm ost any shade 
w ith any desired degree of fastness on an y kind of 
material, whether it be wool, cotton, silk or paper. 
If the dyer does not alw ays produce such shades it is 
the fau lt of the trade -which does not express its de
mands forcibly enough. Of course, the dyeing with 
fast colors entails a som ewhat greater expense which 
must naturally be borne b y  the consumer.

Just at this point, before discussing the progress 
made in the m anufacture of fast colors and in order 
to prevent misunderstanding, I should like to em pha
size the fact th at the old colors, though not as fast as 
those more recently discovered and though, perhaps, 
quite fugitive in some respects, still have a right to 
exist. I t  would be quite foolish to dye certain kinds 
of paper intended to be in use for only a very  short 
time, with colors absolutely fast to light, or to dye 
cloth never to be washed, w ith expensive colors fast 
to washing, or, again, to treat lining, which is but 
slightly exposed to sunlight, in the same w ay  as 
m aterials which must be exceedingly fast to light. 
E verythin g according to reason. For m any purposes, 
however, the need for shades fast to light or to both 
light and washing is so great th at it m ust be given 
every consideration. How m ortifying it m ust be to 
notice shortly after you have decorated the walls of 
your home with most beautiful and expensive m ate
rials, th at the lovely colors daily grow  more unsightly, 
and to see a solitary patch showing up in all its pristine 
g lory  am idst a faded background when a picture or 
other piece of furniture is moved to another place. 
As it is possible to guard ourselves against such occur
rences, we should certain ly do so. To-day we are 
able to produce the most beautifully colored w all
coverings, whether of paper or of woven or printed 
fabric?, to meet every requirement in regard to fast
ness. This is proved b y  the large collection of all 
kinds of woolen and cotton fabrics (after washing and 
exposure to light) and especially of wall-papers, of 
carpets, rubber m aterial and balloon coverings, which 
the different firms of the German color and dyeing 
industry have placed at m y disposal for exhibition.

If you now inquire how chem ists have been able to 
make such great progress, m y only answer is b y  logical 
and untiring efforts along well known w ays, undaunted 
by failures, and b y  diligently following any track, 
however faint, th at gave promise of advance.

In every branch of the color industry these methods 
have led to faster and ever faster dyestuffs, from the 
m ulticolored benzidine colors, described as fugitive 
to light and not stable to washing, to the anthraquinone 
colors and the indigoid v a t dyes. In all these classes 
we have gradually learned to recognize certain regu
larities and to accomplish certain results by system ati

ca lly  grouping the com ponents and fixing the position 
of the substituting groups; thus we have succeeded in 
increasing the fastness to light of the individual chem 
ical according to a preconceived plan.

I n d i g o i d  C o l o r s .— The synthetic production of 
colors allied to indigo was stim ulated b y  the successful 
synthesis of indigo which alm ost entirely displaced 
natural indigo and called the attention of both chem ist 
and consumer in an increased measure to the advan 
tages of vat-dyeing. The K in g  of Dyestuffs, Indigo, 
now finds itself in the com pany of a whole series of 
other colors, the brome indigos, the thio indigos and 
alizarine indigos, the shades ranging from blue to red. 
violet, gray and black. E ven the “ purple” of the 
ancients has been reproduced b y  Paul Friedlaender, 
who b y  isolating the dyeing principle found in certain 
glands of the purple snail living in the Mediterranean, 
has dem onstrated the fact th at this natural-color is 
identical w ith a dibrom-indigo which had been long 
before produced synthetically. These indigoid colors 
possess the same, if hot better, properties than indigo 
itself.

A l i z a r i n e  C o l o r s .— The fastness of the alizarine 
colors, e. g., alizarine red, used for T urkey red, was well 
known in ancient times. But, whereas form erly only 
m ordant colors were considered to be fast, and conse
quently only these were looked for in the anthraquinone 
group, which led to the discovery of alizarine-orange, 
-brown, -blue and the alizarine cyanines, R obert E . 
Schm idt in 1894-1897 succeeded in finding acid-dyeing 
anthraquinone colors which dye every shade, rivalling 
the old and well known triphenylm ethanes in bright
ness and sim plicity of application and the alizarine 
m ordant colors in their extraordinary fastness to light. 
I m erely mention alizarine-cyanine-green, alizarine- 
sky-blue, anthraquinone-blue, alizarine-sapphirole, 
-astrol, -irisol and -rubinol. Their fastness to light is 
so excellent th at in the fam ous “ M anufacture N ationale 
du gobelins” in Paris, they have replaced the older 
dyestuffs for the dyeing of wool used in the m anufac
ture of gobelins. This means a great deal if it be borne 
in mind th at a square m eter of these gobelins for the 
production of which an operator needs more than a 
year, costs, on the average, about 6,000 francs.

I n d a n t h r e n e  a n d  A l g o l e  C o l o r s .— A n entirely 
new era began for the alizarine series when Réné Bohn 
in 1901, found that his new color, indanthrene, could 
be used as a vat-d ye for cotton. This color can be 
dyed in its reduced state like indigo, but is far superior 
to the latter in b eau ty  and brightness of shade, as well 
as in fastness to washing and light. Indeed, the 
fastness to light is so great th at in this respect it must 
be termed indestructible.

On account of this phenomenal fastness, indanthrene 
blue caused chem ists to look for other v a t colors in 
the anthraquinone series. Their efforts did not re
main unrewarded, and we already possess colors of 
this class giving every-possible shade. The Badische 
Anilin and Soda F abrik  sell them  under the name of 
“ Indanthrene Colors,”  the Farbenfabriken vorm 
Friedrich B ayer & Co. under the name “ Algole Colors.” 
Chem ically most of these v a t colors belong to the ind-
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anthrene typ e; some of them  are still more com pli
cated nuclear products of the condensation of several 
anthraquinone molecules; others, again, are di- and 
tri-anthraquinonylam ines. It  m ust also be noted 
th at to the greatest surprise of all experts in this 
branch, it was discovered in the laboratory of the 
Farbenfabriken vorm. Friedrich B ayer & Co., th at 
even some of the sim plest acyl derivatives (-benzoyl) 
of the am inoanthraquinones are excellent v a t colors.

L a k e  C o l o r s .— W e m ust not leave out of sight the 
im portance of some colors of the aniline group and 
especially the anthraquinone group for the production 
of lakes for paints and pigm ent colors for w all paper. 
The alum ina lake of alizarine, the so-called madder 
lake, w ith its fine shade and great fastness to light, is 
best known. Other alizarine colors also yield valuable 
alum ina lakes; thus, alizarine sapphirole gives a blue 
lake of excellent fastness to light. B u t it is not alw ays 
necessary to precipitate lakes. Some of the difficultly 
soluble v a t colors m ay be d irectly em ployed in a finely- 
divided form. Thus indanthrene and algole blue 
already p lay im portant roles as substitutes for ultra- 
marine for bluing higher class paper, textiles and even 
sugar.

The developm ent of the anthracene colors, aside 
from the tinctorial progress, brought about rem arkable 
results in pure chem ical research, for exam ple the 
peculiar action of boric acid and the catalytic  action 
of quicksilver in the sulphonation processes of anthra
quinone.

B u t in this branch of our science as well there is 
still m uch room for developm ent. M any problems 
rem ain unsolved and new ones are continually arising. 
To satisfy  the demand of the dyer m any dyestuffs 
m ust still be synthesized.

The ceaseless efforts of the color chem ist w ill un
doubtedly bring us farther and farther along this road, 
and com plaints about the insufficient fastness of dyed 
m aterials will be silenced at last. If  this goal is to be 
reached, it is absolutely necessary for the consumer 
to su p p ort the m anufacturer, and I take this oppor
tu n ity  to state th at in the United States of Am erica 
these fast colors are to-day more generally used, and 
found recognition and wide-spread application here 
earlier than in an y other country.

P h a r m a c e u t i c a l  C h e m i s t r y .— I  will now deal w ith 
the progress and problem s of the pharm aceutical in
dustry in the synthetic production of m edicinal drugs. 
This industry is the youngest daughter of the coal-tar 
industry and it is not long since she celebrated her 
25th anniversary. Those, who, like m yself, had the 
good fortune to stand a t her cradle when Ludw ig 
K n orr discovered antipyrin, and to guide her first 
totterin g steps at the tim e phenacetin and sulfonal 
were brought out, m ust look back w ith  a joyfu l heart 
to this period of splendid grow th. Much brilliant 
w ork has been accom plished b u t a vast am ount still 
remains to be done. Here we see chem istry and m edi
cine intim ately bound together, the one dependent 
upon the other and powerless w ithout its aid. W h at an 
organization, w hat boundless intelligence is necessary 
and w h at immense energy has to be expended in order

to discover a new synthetic rem edy and to sm ooth its 
path  through the obstacles of commerce! First, we 
need a fully-equipped chemical laboratory, then a 
pharm acological institute w ith a staff of men trained 
in medicine and chem istry, an abundance of animals 
to experim ent upon, and finally— the latest develop
m ent in this field— a chem o-therapeutic and bacterio
logical departm ent equipped according to the ideas of 
Professor Ehrlich; all these m ust be in close connection 
w ith one another. W hatever has been evolved, and 
after much painstaking effort selected as useful, finds its 
w ay  into the m anufacturing departm ent, there to be 
elaborate in the m ost m inute details and brought to 
the highest possible pitch of perfection. Now begins 
the arduous work of the scientific departm ent! Here 
the right sponsors m ust be found, here all prejudices 
m ust be brushed aside and an extensive propaganda 
initiated. N ext, a host of clinicians and practitioners 
m ust be called into requisition so th at w hat has been 
evolved in the silent workshop will be conducted on a 
staunch ship into the wide sea of publicity. And, 
finally it is the calculating salesm an’s turn; he m ust 
bring in enough to cover all the expenses of the in
numerable experim ents th at have been made, if the 
new drug, which has swallowed so much money, is to 
survive and prosper. Truly, all this is a task which 
only too often is m isunderstood and insufficiently 
appreciated. If, however, a great h it is m ade— an 
event alm ost as rare as the Greek calends— then the 
envious, the patent- and tradem ark-violator, and even 
the smuggler, cling to our heels and seek to rob us of 
our profits which, taking everything into consideration, 
are really not large. B u t despite all this, and though 
unfortunately opposed b y  druggists and physicians 
even to-day, the pharm aceutical industry serenely 
pursues its task. For besides certain economic aims, 
we also have ideals to strive for. W e com bat syste
m atically the sym ptom s of disease and are the faithful 
auxiliaries both of the doctor and the harassed nurse. 
The agonizing pains of the patien t we a llay  w ith nar
cotics and anesthetics. W hen sleep flees the couch 
of suffering, we compel it to return; fever, we banish. 
W e destroy the m inute organisms which cause and 
spread diseases. Thus we add to the store of w hat is 
valuable, and perfect w hat already exists. W e also 
isolate the active principles of various drugs and thus 
assure exact dosage and freedom from undesirable or 
even dangerous by-effects.

In the chem ical works of Germ any pure chem ical 
science receives its due. In every branch of inorganic, 
organic and physiological-biological chem istry we are 
working w ith an arm y of scientifically trained men. 
In synthetic chem istry, brilliant achievem ents have 
fallen to our share. Quite recently, Stolz succeeded 
in b.uilding up adrenalin,1 D ecker in m aking hydrasti- 
nin and Em il Fischer and W ilhelm  Traube in pro
ducing purin bases. A ll of these are m agnificent

1 1 kg. adrenalin , w hich is now p rep a red  syn thetica lly , and has been 
in troduced  under th e  nam e of “ sup reran in” by  th e  Farbw erke of H oechst, 
requ ires for its  p roduction  th e  adrenal g lands of 40,000 oxen. T his p roduct, 
as  well as  num erous o th e r g landu la r p repa ra tions , is now adays m anufac tu red  
by  th e  large A m erican slaughter-houses them selves.



-758 T H E  J O U R N A L  O F  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 .  Oct., 1912

accomplishm ents, and m any of them have been effected 
in the laboratories of the industry.

T h at even yet, as at the beginning— the antifebrin 
period— we m ust trust to chance is shown b y  the dis
covery  of atophan, the latest valuable antiarthritic, 
w hich is due to a fortunate accidental observation. 
In  the subject of the old ergot problem, research w ork 
is gradually bringing more light and m akes the possi
b ility  of syn thetically  producing a substitute a thing 
of the near future. The publications on this subject 
show th at hem ostatic alkaloids possess a com para
tiv e ly  simple constitution. T h at sedatives have their 
place in an age when nervous disorders are so common 
is not to be wondered at. I need m erely remind you 
of the new adalin w hich has proved exceedingly, useful. 
R ecently, E m il Fischer, the m aster of chem ical re
search, to whom the pharm aceutical industry is in
debted for the synthetic purin bases, viz., caffein, 
theobrom ine, and theocin, as well as the valued 
remedies, veronal and sajodin, has succeeded, after 
long and fruitless labors, in elucidating the constitution 
of tannin and producing it synthetically. He has 
thus proved th at it m ight be possible to m anufacture 
tanning agents of all kinds artificially and has opened 
up a new and promising field for research.

C h e m o t h e r a p y .— B u t a  short while ago, Ehrlich 
dre\y attention to another promising branch of pharm a
ceutical-m edical chem istry, viz., the treatm ent of 
infectious diseases b y  chem ical means. A fter m any 
years’ arduous labor and m any thousand experim ents 
on different animals, this m aster of medicine and 
chem istry succeeded in  dem onstrating th at it  is possible 
to  produce chem ical substances which will k ill the 
parasites in the human body w ithout injuring their 
host and th at this action is a function of the chemical 
constitution. The new science, w ith its m agical bullets 
directed only against the injurious organisms in the 
body b u t not affecting its cells, pursued its course 
from am inophenyl-arsinic acid (atoxyl) to diamino- 
oxyarsenobenzole (salvarsan). Thus a new synthetic 
preparation, an arsenic compound, is added to the old 
and highly effective remedies, m ercury, quinine and 
salicylic acid. I t  is certain th at we are here only at 
the beginning of a new developm ent. W e know 

,already th at we are able to com bat not only spirochetes 
b u t also bacterial diseases, like tuberculosis. E ven 
carcinom a and sarcoma, those grow ths so destructive 
to hum anity whose cause is, however, not y e t under
stood, can probably be influenced in a like m anner b y  
means of selenium compounds, as first pointed out b y  
Em il Fischer. B ut were we to learn to cure diseases 
due to trypanosom es and plasm odia, w hat a great 
w ork we should have accomplished in the interest of 
hum anity and social economy, for it is in the most 
fruitful lands indeed th at these diseases, m alaria and 
sleeping sickness, are to be found, and man and beast 
are ruthlessly destroyed b y  them. N either salvarsan 
nor a to xyl are of service here, and therefore other 
hitherto unknown remedies m ust be found.

W hile the treatm ent of syphilis, w ith  its terrible 
consequences, is still im perfect in spite of m ercury and 
salvarsan, let us hope that system atic laboratory

experim ents w ith  the innumerable products chem istry 
is able to produce from  m ercury and from  arsenic will 
finally lead to com plete success.

S y n t h e t i c  P e r f u m e s .— In the perfum e industry 
the developm ents made since the scent of the violet 
was im itated w ith  jonon, and since the successful 
synthesis of cam phor from turpentine, are not of such 
nature th at we need to deal writh them  a t great length. 
The im portance of this industry appears from  its 
yearly  turnover of 45-50 million M arks (10-12 million 
dollars). Here the efforts of the chemists are directed 
tow ards determ ining the constitution of the com plex 
and simple natural perfumes, isolating the various 
products of decomposition obtained during the inves
tigation, and finally reproducing the natural perfumes 
synthetically. Such results have already been 
achieved in the case of the odor of the rose, lily-of-the- 
va lley  and violet. V ery  often certain substances are 
needed in the com pounding of perfum es which, like 
indole, possess anything but a pleasant smell.

A r t i f i c i a l  S i l k .— E ven  if doubt be expressed as to 
whether artificial silk (the yearly  consumption of which 
am ounts to about 7 million kilogram s) still belongs to 
the chem ical industry because it stands in such close 
relation to the textile  industry, w ith its w eaving and 
spinning machines, y e t the raw  m aterials needed for 
its production, such as nitro-cellulose, copper amm onia 
cellulose and cellulose-xanthogenate are of such im 
portance th at the chem ist and engineer equally divided 
the responsibility in this branch of m anufacture. 
Viscose silk from xanthogenate of cellulose, the pro
duction of which has been recently very  much improved, 
seems to replace nitro-cellulose silk and the copper 
am m onia silk. This viscose silk surpasses all other 
artificial silks in luster and is the cheapest to m anu
facture, so th at the apparently simplest process of all, 
the copper amm onia cellulose silk, cannot com pete 
w ith  it an y more. Am ong the exhibits are fine speci
mens of this silk from the Vereinigten Glanzstoff- 
fabriken of Elberfeld and their factory in Oberbruch 
in Dremmen near Aix-la-Chapelle, including the vari
ous raw  m aterials, wood, cellulose, alkali cellulose and 
the cellulose-xanthogenates produced b y  treatm ent 
w ith bisulphide of carbon and the viscose solution itself.

A c e t y l c e l l u l o s e . Cellit F ilm s .— From  acetylcel- 
lulose soluble in aceton, called cellit, the Farbenfabri- 
ken vorm. Friedrich B ayer & Co. first produced 
cinem atograph films, but although th ey have the great 
advantage over those m anufactured from nitro-cellu
lose of being non-inflammable, it has not been possible 
to introduce them  generally. In all their properties 
the cellit films are equal to the old inflammable ones, 
y e t  the proprietors of m oving picture theatres do not 
tak e  them  up because th ey fear the com petition of the 
schools and the home where the cellit films would be 
largely used on account of their non-inflam m ability. 
The only help then would be such action b y  those in 
auth ority  as to make it difficult to em ploy inflammable 
films and to facilitate the use of cellit films. There 
are prospects of such legislation at least in Germ any, 
which w ould p ut an end to cinem atograph fires with 
their great danger to life and property.
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N o n - I n f l a m m a b l e  C e l l u l o i d  (Cellon).— The prob
lem of m anufacturing non-inflammable celluloid b y  
m ixing cellit w ith suitable cam phor substitutes which 
burn difficultly or not a t all m ay be considered as 
definitely solved. Eichergrün has simplified the m anu
facture to an extraordinary exten t b y  showing that 
certain acetylcelluloses m ay be gelatinized in the same 
w ay as nitrocellulose. A s is well known, nitrocellulose 
w ith cam phor in the presence of a solvent yields a 
so-called “ Solid solution,” and even in the dried state 
m ay be easily cut or formed into sticks, tubes or 
threads. Cellit, when treated in exactly  the same w ay 
w ith appropriate cam phor substitutes, can be con
verted into “ cellon,”  the non-inflammable substitute 
for celluloid. Single blocks weighing 200 lbs. are 
already produced on a large scale which, like celluloid, 
can be sawed, cut. and polished; when heated can be 
pressed or bent; and when subjected to steam  at a 
high tem perature can be drawn and molded. Com
pared w ith celluloid, cellon has the advantage of being 
more elastic, soft and ductile. I t  is therefore frequently 
used as a substitute for hard rubber, g u tta  percha, 
leather, etc. Cellon, in the form of a highly viscous, 
syrup-like solution, m ay be em ployed for coating 
fabrics, wood, paper, metal, etc., w ith a thick enamel
like, uniform and pliable surface. Thus patent leather, 
artificial leather, insulators, balloon covers, etc., m ay be 
produced. In France this varnish is already em ployed 
for enameling aeroplanes. O bjects made of this novel 
and w idely useful m aterial are to be found among the 
exhibits, being m anufactured b y  the Rheinisch- 
W estfälische Sprengstoff A ctien Gesellschaft in Cologne 
and the Société Industrielle de Celluloid in Paris.

R u b b e r .— Finally, I w ill refer to one of the greatest 
successes and y e t one of the most difficult problems of 
the chem ical industry, viz., the production of synthetic 
rubber. I am  proud of the fact th at its production 
was successfully accomplished in the works which are 
under m y m anagem ent, and th at I was able to follow 
every stage of this im portant discovery. Perhaps 
you  would be interested to hear, although it is getting 
late, how the whole thing happened, especially as much 
th at is untrue and misleading has appeared in the press 
during the last few  weeks.

B u t first a few  words about natural rubber. The 
old world owes its knowledge of this substance to the 
new. This wonderful product becam e known in 
Europe shortly after Columbus discovered Am erica. 
I f  I, com ing from across the ocean, now bring you 
this colloid prepared there synthetically, I m erely 
repay p art of the debt which we owe Am erica.

H ardly a generation ago, the southern part of this 
great Am erican continent furnished the whole supply 
of the different kinds of rubber. Since then extensive 
plantations of rubber trees have been established in 
various tropical countries and their yield  has grown 
so enorm ously th at the old home of wild rubber will 
soon be thrust into the background. This is a m atter 
which involves m any millions; consequently a very 
serious econom ical problem confronts South Am erica.

Y o u  all know  th at caoutchouc is m ade from  the 
m ilky sap of numerous species of trees and shrubs and

the grotesquely formed lianas b y  various coagulation 
processes, and that this prodùct, on being suitably 
treated w ith sulphur or sulphur com pounds,- i. e., b y ’ 
vulcanization, acquires its valuable and characteristic 
properties. The synthetic method took quite a difJ 
ferent route. B y  breaking up thé very  com plex nioleJ 
cule which rubber doubtless possesses, b y  pyrogenétic 
processes, i. e., b y  dry distillation, a Veritable m aze o f 
all kinds of gases, oils and resins was obtained, as well 
as a colorless fluid resembling benzine, to which the: 
investigators gave the name “ Isoprene.” It  was the 
French scientist B ouchardat who first expressed thé 
belief that this isoprene, which is obtained in very  
small quantities and in an impure form b y  the dry 
distillation of caoutchouc, m ight be closely and inti
m ately related to caoutchouc itself. This im portant 
question was then eagerly discussed for several dec
ades b y  the scientists of all countries and opinion^ 
were sharply divided. A s far back as the eighties, thé 
Englishm an Tilden claim ed to have prepared artificial 
rubber from isoprene b y  treatm ent w ith hydrochloric 
acid. B ut neither Tilden nor his assistants, though 
th ey worked strenuously for years, succeeded in re
peating the experim ents. Moreover, numerous other 
investigators were unable to confirm the results. Dr: 
F ritz Hofmann, of the Farbenfabriken vorm. Friedrich 
B ayer & Co., is to be regarded as the real discoverer of 
synthetic rubber, for, b y  the application of heat, he suc
ceeded, in A ugust, 1909, in polym erizing the isoprene 
molecules into the com plex rubber molecule. Some
w hat later Harries discovered independently another 
method of arriving at the same result. E veryone is 
now in a position to repeat this exceedingly simple 
experim ent himself, b u t in order to confirm H ofm ann’s 
results, it is necessary to em ploy pure isoprene.

The practical value of this rubber, of which m any 
samples are among the exhibits, has been tested b y  
the highest authorities in this branch of the industry, 
while Professor K arl Harries, whose unrem itting labors 
extending over m any years prepared the soil for H of
m ann’s synthesis, has carefully exam ined the chem ical 
constitution of the substance.

Isoprene belongs to the butadienes. I t  was there
fore to be assumed at the start th at betam ethylbuta- 
diene would not hold a peculiar and isolated position 
among the butadienes in general. I t  was argued 
th at other members of this interesting group of hydro
carbons would yield analogous and homologous rubbers 
on being heated. In the synthesis of products occur
ring in nature, there is alw ays a possibility of producing 
such variations, and our endeavors to find out whether 
this was true in the case of rubber were crowned with 
success, for to-day several representatives of the new 
class of caoutchoucs possessing different properties 
are known and are being subm itted to technical tests. 
E x a ct proof of the existence of the class of isomeric 
and homologous caoutchoucs w as also first presented 
b y  Elberfeld.

To you who hear this account and see these beautiful 
specimens, the m atter appears very  simple, intelligible 
and clear. In reality, however, it was not so. The 
difficulties which have been overcome were great
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indeed and those which still remain to be surmounted 
in order to produce a substance equal to  Para caout
chouc in q uality  and capable of com peting w ith cheap 
plantation rubber costing only 2 m arks per kilo, are 
still greater. B u t such difficulties do not intim idate 
the chem ist and m anufacturer; on the contrary, th ey 
spur them  on to further efforts. The stone is rolling, 
and we will see to it th at it reaches its destination. 
The end in view  is this: th at artificial rubber m ay 
soon p lay  as im portant a role in the m arkets of the 
world as does natural rubber. The consumption of 
rubber is sim ply enormous. Finished articles to the 
value of 3 milliard m arks are m anufactured every 
year, and the raw  m aterial from which th ey  are made, 
calculated a t the present m arket price of 12 m arks 
per kilo, costs one m illiard marks. O ther tasks which 
the chem ist has on hand shrink into insignificance 
com pared w ith this gigantic problem. The laurel 
w reath will not adorn the brow of the wild dreamer 
but th at of the scientist who, cool and persevering, 
pursues his w ay. The seed he sows ripens slowly, 
and though according to the statem ents in the press, 
all this is mere child ’s p lay and the problem  has been 
solved. I leave it to your judgm ent w hether this is 
true or not, like much th at printer’s ink patien tly  
transfers to paper. I am right in the m idst of this 
excitem ent. I have em ployed articles' made of syn 
thetic rubber, and for some tim e I have used auto
mobile tires made of this m aterial. Y e t, if you  ask 
me to answer you honestly and tru ly  when synthetic 
rubber will bring the millions which prophets see in 
its exploitation, I m ust reply th at I do not know. 
Surely not in the im mediate future, although syn 
thetic rubber will certain ly appear on the m arket in a 
v e ry  short 'time. B ut I hope to live long enough to 
see A rt trium ph over N ature here also.

W e are now at the end of our journey. W e have 
flown not only over the field of Germ any, but also over 
all other countries where the chem ical industry is 
cultivated. W e have taken a passing glance a t the 
untiring striving for advance, the restless search for 
the hidden and unknown, the ceaseless efforts to ac
quire more technical knowledge as witnessed in the 
great laboratories and factories of our m ighty and 
ever-growing industry. W e shall now guide our air
ship into the haven whence we set out and land where 
our co-workers have gathered from all the countries of 
the earth to recount w hatever progress each has 
achieved, and to discuss, in public and private, the 
problem s which have been solved and those which 
still aw ait solution.

This is the purpose and aim of the Congresses of 
Applied Chem istry, and in this w ay th ey prom ote 
d irectly and indirectly the interests of our industry. 
B u t th ey also serve another purpose— to spread far 
and wide knowledge of our great deeds. I t  is thus 
th at th ey impress the im portance of our science and 
the arts founded on it upon the public in general and 
especially upon those who have influence in social or 
official positions, so th at our profession m ay advance 
equally w ith others, and so th at the im portance of

the chem ical industry and of those connected w ith it 
from  an economic, hygienic and social standpoint 
m ay become better and better known.

T h at the effulgent light of this knowledge will also 
be diffused b y  the E ighth  International Congress of 
Applied . Chem istry is assured b y  the m agnificent 
organization which our friends, the Am erican chemists, 
have provided, the skillful manner in which the affair 
has been conducted, the hospitable reception which 
has been extended to us, not only b y  our colleagues 
b u t b y  the people-at-large, and w hich is still aw aiting 
us in our tours of inspection of the flourishing industry 
of Am erica, in so m any respects a model for others. 
F or Chemical Science and the Chemical In dustry the 
following words of Schiller are beautifully  descriptive: 
“ O nly the serious mind, undaunted b y  obstacles, can 
hear the murm uring of the hidden spring of T ru th .”

SYNTHETIC AMMONIA.1
B y  H .  A .  B e r n t i i s e n \

Y o u  all know  th at of the chem ical elements th at 
occur in large q u an tity  on our planet, nitrogen is one 
which is characterized b y  its com plete indifference to 
chem ical attack. Berzelius already says of it: 
“ it is difficult to recognize because it does not differ 
from  other gases b y  an y  conspicuous property, but 
can only be recognized b y  means of properties which 
it does not possess.”  W e see therefore both in science 
and in arts th at nitrogen is frequently used when it is 
desired to protect bodies from chem ical a tta ck  b y  
oxygen or when the com mencem ent of an oxidation 
is to be prevented. The vacuum  of the therm om eters 
in instrum ents which are intended for high tem pera
tures is, as you are aware, filled w ith nitrogen. The 
storage of readily com bustible liquids, such as coal-tar 
benzene and light petroleum  naphtha, is effected b y  
covering these bodies w ith nitrogen; their transport 
b y  applying compressed nitrogen. I t  is to the indif
ference of this element to chem ical a ttack  th at the 
curious state of affairs m ust be attributed, th at al
though we are dependent for all the conditions of life 
on compounds of this body and although we live in 
an infinite ocean of nitrogen, yet up to a short tim e 
ago we were not in a position to obtain nitrogen com 
pounds from  it. W e were forced to cover our require
ments of saltpeter for gunpowder, of nitric acid for 
gun-cotton and for nitration and m any other applica
tions, of am m onia for refrigerators, for instance, and 
so on, not b y  drawing upon the nitrogen of the air, but 
b y  utilizing ready formed nitrogen compounds, which 
u ltim ately result from the processes of p lant life of 
earlier times. On the one hand Chili saltpeter and 
on the other hand the am m onia liquor obtained in 
small proportions as a by-product in the m anufacture 
of gas or coke from coal served to supply the wants 
mentioned. W e were also and in particular dependent 
on these tw o sources of nitrogen for the requirem ents 
of agriculture, which are far greater than all the other 
taken together.

1 L ec tu re  by  H e rr H o fra t P rof. D r. H einrich A ugust B ern thsen , 
M anaging D irec to r of th e  B adische Co., L udw igshafen-on-R hine, G erm any. 
E ig h th  In te rn a tio n a l Congress of A pplied C hem istry , N ew  Y ork , Septem ber, 
1912 .
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B u t now, while the requirem ents of nitrogenous 
manures are constantly increasing, in order to guaran
tee to the inhabitants of the world sufficient harvests, 
we have in all probability  to reckon w ith a com para
tiv e ly  rapid dim inution of the supply of natural Chili 
saltpeter. On the other hand we cannot expect the 
balance to be m aintained b y  a rapid increase in the 
production of ammonium sulfate, for this is dependent 
on the m anufacture of gas and of coke, which increases 
b u t slowly. T o this, some working up of peat m ay be 
added, b u t a production of am m onia in this w ay  as 
the main object of m anufacture is impossible. The 
problem  of the conquest of elem entary nitrogen, of 
forcing this obstinate scamp into the service of our 
civilization, has consequently attained immediate 
im portance for some time. A lread y three years ago 
a t the Seventh International Congress of Applied 
Chem istry in London, I therefore had the honor of 
reporting on the utilization of atm ospheric nitrogen 
and a new w ay  for the production of nitrates from 
the air.

I t  m ight appear th at the Am erican continent, 
w hich is so rich ly blessed w ith the treasures of nature, 
can perhaps aw ait w ith  greater patience the developm ent 
of events than could most' European countries. For 
while the soil of the latter has been worked to the 
utterm ost through centuries of agriculture, the un
exam pled developm ent of this country has been 
caused, to a great extent, b y  the fa ct th at agriculture 
had virgin soil a t its disposal w herever it developed. 
There m ay still be places, such as the English poet 
Brow ning sings of:

“ N ature fram es 
Some happy lands, th at have luxurious names, 
F or loose fe r t ility ; a footfall there 
Suffices to upturn to the warm  air 
H alf-germ inating spices; mere decay 
Produces richer life; and d ay  b y  day 
N ew pollen on the lily  petal grows,
A nd still more labyrinthine buds the rose.”

In  general however a change is occurring. The soil 
of the eastern states, if it is to yield  full harvests, 
in the future already requires the addition of manures 
above all of the nitrogenous manures, for lack  of the 
latter is m ost quickly  noticed b y  the plants. A  similar 
treatm ent would further be of great advantage in 
m any parts of the southern cotton states. Finally, 
in the course of years, the same requirem ents will be 
noticed in the w est more and more, as the developm ent 
of hitherto uncultivated  land even there hardly comes 
an y  more into consideration. N ature will only con
tinue to shower her favors on m an if he adapts him 
self w ith  reason to her im m utable laws, as expressed 
b y  the poet:

“ N ur der verdient sich Freiheit wie das Leben, 
Der täglich  sie erobern m uss.”

I therefore count upon your interest if I deal to-day 
in some detail w ith the nitrogen question, and announce 
to you  some of the progress th at has been made since 
the last Congress.

The three m ethods em ployed for the fixation of

nitrogen are: first, the direct oxidation of nitrogen of 
the air form ing nitric acid, nitrates, etc. ; second, 
the synthesis of am m onia from  nitrogen and hydrogen ; 
and third, the fixation of nitrogen to m etals or 
metalloids and, if desired, subsequently decomposing 
the resulting products, nitrids, etc., producing ammonia. 
Three years ago it was the first of these w ays w ith 
which I dealt principally. I was in a position to 
announce th at in the processes of Birkeland of Christi
ania, on the one hand, and of Schônherr and the 
Badische Anilin- & Soda-Fabrik, on the other hand, 
two im portant w ays had been opened up for oxidizing 
the atmospheric nitrogen w ith the aid of electricity  
obtained from  water-power. Tw o companies had 
been formed’ b y  a Norwegian-French group, the Norsk 
H ydro E lektrisk K vaelstofaktieselskab, and a German 
group, the Badische Anilin- & Soda-Fabrik together 
w ith the Farbenfabriken of Elberfeld and the Actien- 
gesellschaft für Anilinfabrikation of Berlin. These 
undertakings and some other associated enterprises 
have in the m eantim e been developed w ith great 
energy and the factory at Saaheim, which converts 
about 120,000 H. P. of the R ju kan  fall into oxids of 
nitrogen, is now in full swing. The m anagem ent of 
these works has passed into the hands of the N or
wegian-French group b y  an arrangem ent w ith the 
German group.

The processes for the com bination of nitrogen w ith 
metals, etc., producing m etallic nitrids, cyanam ids, 
and the like, and from these ammonia, have also 
progressed.

On the one hand the nitrolim  obtained for instance 
b y  the union of nitrogen w ith calcium  carbid, which 
is produced in several factories, is in part utilized 
directly as manure ; in p art a beginning has been made 
w ith the m anufacture of amm onia from  it b y  treat
m ent w ith steam. On the other hand the nitrids, 
and especially those of alum inum  and silicon, have 
been more closely studied. The process of Serpek 
for the production of alum inum  nitrid has been de
veloped b y  the Société Générale des Nitrures on a 
m anufacturing scale in order to obtain on the one 
hand, pure alum ina for the production of aluminum, 
and on the other, ammonia. Then again the Badische 
Anilin- & Soda-Fabrik in following up its w ork on 
barium  cyanid from  nitrogen, barytes and carbon 
took up the stu d y of the production of titanium - 
nitrogen com pounds and th at of silicon nitrid from  
silica, nitrogen and carbon, and then in connection 
w ith this the production of m ixed nitrids of silicon 
and aluminum, and of alum inum  nitrid itself. In 
this field of work also an arrangem ent has been made 
between the firms w orking it, the Badische Anilin- 
& Soda-Fabrik having assigned their patents to  the 
Société Générale, retaining for them selves certain 
rights of preparing the nitrids in question according 
to the patents of both  companies. I t  is to be expected 
th at this branch of industry will also develop satis
factorily.

I refrain from  discussing an y of these m ethods of 
fixing nitrogen and refer to  the com m unications m ade 
b y  the inventors them selves and in particu lar to the
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lecture delivered a few  days ago a t this Congress, by 
Dr. E yde, the general director, of the Norwegian 
companies referred to.

I propose to deal to-day however, from m y own 
direct experience, w ith the developm ent of the prob
lem for the synthetical m anufacture of am m onia from 
its elements. A  few years ago the solution of this 
problem  appeared to be absolutely impossible. I t  has 
recently been the object of very  painstaking investi
gations b y  Professor H aber and the chem ists of the 
Badische Anilin- & Soda-Fabrik, and numerous patents 
have been taken out w ith reference to the m anufacture. 
A p art from w hat is already published in this w ay, 
however, we have refrained from any other announce
m ents until we were in a position to report something 
final w ith reference to the solution of the technical 
question.

This moment has now arrived and I am in the 
agreeable position of being able to inform you that 
the said problem  has now been solved fu lly  on a 
m anufacturing scale, and th at the walls of our first 
factory for synthetic amm onia are already rising 
above the ground a t Oppau, near Ludwigshafen-.on- 
Rhine; this factory  will be opened b y  the middle of 
n ext year.

Perm it me therefore to explain to you the funda
m ental points upon which this latest achievem ent of 
chem ical industry is based.

The affinity of nitrogen for hydrogen, as is well 
known, is so small th at the two do not appreciably 
unite w ith  one another either a t ordinary or a t a 
raised tem perature. It has long been known th at b y  
electric sparks or b y  a silent discharge very  m inute 
quantities of am m onia can be formed from  nitrogen 
and hydrogen. Also b y  conducting a m ixture of 
hydrogen w ith  nitrogen prepared in a particular w ay 
over spongy platinum , Johnson (1881) thought th at 
he had obtained ammonia, in a qu an tity  am ounting 
to 0.0059 gram  of N H S per hour. The nitrogen had 
been obtained from  ammonium nitrite and passed 
through ferrous sulfate solution in order to rem ove 
nitric oxids. B u t nitrogen prepared in other w ays 
did not yield  the ammonia, so th at Johnson assumed 
th at there were tw o m odifications of nitrogen. 
W right (1881) proved th at ferrous sulfate did not 
absorb all the nitrogen oxids and th at the amm onia 
was produced b y  the action of hydrogen on nitrogen 
oxid in the presence of platinum . W hen using pure 
nitrogen he also obtained no ammonia. B aker (1883) 
also cam e to the conclusion th at Johnson’s statem ents 
as to the production of amm onia from its elements 
were m istaken. In no case could B aker notice an y 
signs of the form ation of amm onia, and he decided 
th at hydrogen does not combine w ith  nitrogen under 
the influence of heated platinum  sponge.

R am say and Y ou n g  on the other hand (1884) 
determined the decomposition of am m onia b y  heat 
at various tem peratures. In this research, am ong 
other experim ents, a m ixture of d ry nitrogen and 
hydrogen w as passed through a  red-hot glass tube 
filled w ith  iron filings, or through an iron tube. The 
presence of am m onia could again not be proved.

W hen using moist gases th ey noticed the presence of 
traces of ammonia, the form ation of w hich th ey ex
plained b y  the decomposition of w ater and the pro-, 
duction of nascent hydrogen.

Again Perman, tw en ty  years later, occupied himself; 
w ith the question of the form ation of am m onia from 
its elements. U pon slowly passing a mixture' of nitrogen 
and hydrogen (1 vol.: 3 vol.) through-a glass tube- 
heated to red heat, he obtained no ammonia, and the 
same result w as attained when the tube was filled with 
porcelain. B u t when the m ixture, in a m oist co n d i-, 
tion, was passed over red-hot iron or several other 
metals, or over asbestos, pum ice, pipe-clay, e tc .,1 
traces of amm onia were formed, according to Perm an’s 
statem ent.

The investigations entered upon a new phase when 
Haber, arm ed w ith the weapons of modern physical- - 
chemical methods, attacked the problem  of the esti
m ation of the am m onia equilibrium  in 1904 in con
junction w ith van  O ordt.3 These investigators showed 
that at a tem perature of about iooo° C. decomposition 
of amm onia into its elements w as almost, but not 
quite, quan titative (of 1000 molecules of am m on ia ' 
999.76 were decomposed at a tem perature of 1020° C.), 
and th at consequently from’ these elements and under 
the same conditions very  small quantities of amm onia 
were formed. The authors used as contact m aterial, : 
iron prepared from  iron oxalate b y  heating to red heat 
in a current of hydrogen, and the iron was spread out 
upon purified asbestos. Further, for some experi
ments nickel was precipitated from nickel nitrate 
upon pure silica. From  a m ixture of nitrogen and 
hydrogen corresponding to 100 parts of am m onia th ey 
obtained a t the tem perature m entioned about 0.02 
parts of ammonia, and even this figure w as subse
quently, b y  more accurate exam ination (see below), 
shown to be still too high. In  a further publication 
in 1905,3 these results were confirmed and summarized 
in the following statem ent: a t the tem perature of 
commencing red heat and upwards, no catalyzer is 
capable of producing more than traces of ammonia. 
The w ork was carried out at ordinary atm ospheric 
pressure “ for practical reasons,”  and it w as pointed 
out th at even under considerably increased pressure 
the position of the equilibrium  w ould rem ain very  
unfavorable. Manganese was also taken into con
sideration as a catalyzer, b u t its effect, as also th at of 
nickel, w as less satisfactory than th at of iron.

W hile H aber in com pany w ith Le Rossignol4 pur- - 
sued this line of research, Nernst com m unicated the . 
results of sim ilar investigations to the general meeting 
of the German Bunsen Gesellschaft a t H am burg in 
1907.s H e w as induced to take the m atter up b y  the 
fact th at H aber’s figures showed a rem arkable dis
crepancy from  the equilibrium  figures calculated 
according to the fam ous “ heat theorem ” of N em st

1 T he action  of these  la t te r  bodies w as exp lained  b y  th e  presence of 
iron  in  them , b u t i t  m ay  be s ta te d  th a t  th e  alleged action  of a sbesto s, p ip e 
c lay  and  pum ice is due to  a  m istake.

2 Z . anorg. Chetn., 43, 111.
3 Ibid., 44, 341.
* Ber., 40, I I ,  2144 (1907).
5 Ze it fu r  Elcktrochemie, 13, 521 (1907).
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himself. In order to determine the otherwise so 
minute quantities of ammonia, Nernst worked under 
pressure, using as a rule about 50 and up to 75 atm os
pheres, for according to the well known laws the con
centration of the amm onia increases w ith the pressure. 
These results were published more in detail a year 
later b y  his co-worker, Jost.1 The latter used as 
catalysts besides platinum  foil or iron (prepared from 
iron oxid in a current of hydrogen) also manganese 
(obtained from an electrically prepared am algam  by 
driving off the m ercury in a current of ammonia). 
The figures here obtained for the equilibrium  were 
still lower than H aber’s, a fact which Nernst said was 
very  regrettable, for otherwise one m ight really have 
thought of preparing amm onia syn thetically  from  
hydrogen and nitrogen. H aber and Le Rossignol made 
a further publication in 1908,3 having now made their 
measurements also a t a pressure of 30 atmospheres. 
B y  this means, it is true, the differences as against 
N em st’s experim ents on account of the position of 
equilibrium , as also the m axim um  percentage of 
amm onia obtainable at a given tem perature, were not 
quite got over, but a t all events the figures of both 
scientists agreed in showing th at this m axim um  is 
extrem ely low. A t  a tem perature of iooo° C. the 
volum e percentage of amm onia calculated for atm os
pheric pressure is 0.0048 per cent, according to Haber 
and 0.0032 per cent, according to Jost, the correspond
ing figures a t 7000 C. being 0.0221 per cent, and
0.0174 per cent.s T h at is, a t these tem peratures the 
amm onia equilibrium  is extrem ely, unfavorable, while 
at lower tem peratures the ca talytic  action of the 
m etals in question was too low to be able to work 
w ith them.

T o sum up all these investigations on the direct 
com bination of nitrogen and ammonia, it can be said 
that the problem  seemed now to have become more 
than ever a mere dream, of w hich the realization ap
peared to be quite beyond the bounds of possibility, 
so th at there w as every reason w h y the scientist 
should turn his back on so unfruitful a field.

In spite of this, H aber had a feeling th at a technical 
synthesis of amm onia from  its elements could be 
rendered possible, and placed himself in com munica
tion w ith the Badische Anilin- & Soda-Fabrik for the 
prom otion of the work. He then showed, still in 
1908,'* th at the technical preparation of ammonia 
from its elements can in fa c t 'b e  carried out, in spite 
of the unfavorable equilibrium  and the low catalytic 
capacity  of the contact metals used, if the m ixture of 
nitrogen and hydrogen is kept under constant pressure 
during the whole of the operation and is subjected 
alternately to the ca talytic  form ation of amm onia a t a 
high tem perature and then freed from  amm onia b y  
absorption or condensation at a lower temperature. 
Care m ust at th e  same tim e be taken th at the heat of 
the reaction gases containing amm onia is transferred 
afresh to the gas m ixture about to be acted on. In 
other words, the nitrogen-hydrogen m ixture circulates

1 Z . anorg. C liem., 57, 414.
2 Zeit. fü r  Elektrochemie, 14, 181 (1908).
3 Z . anorg. Chem., 57, 193 ; Zeit. fü r  Elektrochemie, 14, 193.

* 4 G erm an P a te n t No. 235,421, O ctober 13, 1908.

under continuous pressure, through the vessel for the 
formation of the ammonia, the vessel for the separation 
of the ammonia and a circulating pum p, all these 
being connected up to a closed endless circuit. Of 
course it is advisable at the same tim e to replace w ith 
a fresh nitrogen-hydrogen m ixture as much of the 
gas as is converted into ammonia.

I t  was further found when working according to 
this continuous process of H aber’s under conditions 
which induce a relatively  high concentration of am 
monia th at the advantages of the heat regeneration 
are no longer of such v ita l importance, but th at it is 
sufficient in this case to work continuously under 
pressure w ithout a t the same tim e regenerating heat.1 
F inally  it was seen3 th at it is not even absolutely 
necessary to work continuously under pressure (that 
is, to circulate the gases continuously under pressure), 
if the reaction is carried out under very  high pressure, 
for instance a t about one hundred atmospheres, pre
ferably however a t from 150 to 250 atmospheres and 
even higher. A  range of pressure is hereby intro
duced which had never been touched in the synthesis 
of ammonia and. was also som ething quite new in any 
m anufacture, for no one had previously so much as 
thought of carrying out technically a catalytic  reaction 
w ith gas curren ts'at the necessary high tem peratures 
under such an enormous pressure.

B y  these means, under a pressure of 200 atm os
pheres, a t a tem perature of from 650-700° C. and using 
an iron catalyst prepared from the purest iron oxid, 
occupying a space of 20 cc., and w ith a gas speed of 
250 liters per hour (measured at ordinary pressure) 
it is an easy m atter to obtain for exam ple 5 grams, 
or per liter of contact space, 250 gram s of ammonia 
in an hour.

The following further point comes here into con
sideration. A ll previous publications had in view  
exclusively the determ ination of the amm onia equilib
rium, which can be found theoretically, most ac
curately in a steady volum e of gas. If a current of 
gas is used, the rate of flow m ust naturally be kept 
low, so th at orie m ay be sure th at equilibrium  is reached. 
N ow  there were no indications as to how far the con
centration of the gas would be reduced when the rate 
of flow is raised, and whether the concentration would 
be sufficient when such a rate of flow is taken as m ust 
be done when working on a technical scale. H aber 
has therefore rendered signal service in showing th at 
one can work successfully w ith such higher rates of 
flow.

A  diagram m atic exposition of an apparatus used b y  
H aber is shown on the charts before you. The catalyst 
is in a m etal tube which opens in front into a heat 
regenerator. The gas m ixture passes from  behind 
into the m etal tube, through the catalyst and then 
through the heat regenerator into a circulating pump. 
Leaving this it.p asses in countercurrent around the 
outside of the regenerator tubes and the tube contain
ing the catalyst and then enters this in front, repeating

1 F rench  P a te n t No. 406,943.
2 G erm an P a te n t No. 238,450, S ep tem ber 14, 1909.
3 See th e  sketches in  H a b er’s a rtic le  in th e  Zeit. fu r  Elektrochemie, 16', 

244-5 (1910); and  also B ritish  P a te n t No. 17,951 1909.
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this journey again as described. The apparatus can 
be protected against loss of heat to the air b y  packing 
it in isolating m aterial and can be enclosed in an outer 
shell which can w ithstand the pressure. The whole 
of the circulation takes place at high pressure. The 
catalyst is k ep t at the suitable tem perature b y  electri
ca lly  heating from within or b y  applying heat from  
the outside. Between the heat regenerator and the 
circulating pum p the gases pass through either an 
absorber or a condenser for ammonia. B y  means of 
a branch tube the nitrogen and hydrogen combined 
to am m onia can be replaced.

Finally, it was a great step forward when H aber 
found catalysts w ith the property of rapidly com bining 
nitrogen and hydrogen to amm onia in sufficient quan
t ity  even a t much lower tem peratures than those 
previously required. He found this to be especially 
the case w ith osmium. This m etal has such a very 
favorable action even a t 550° C. and below, th at 
under a pressure of 175 atm ospheres a gas concentra
tion of 8 volum es per cent, of amm onia can be obtained. 
This w as all the more astonishing, as platinum , which 
is closely related to osmium, has but a very  slight 
ca talytic  action. F or use on a large scale, however, 
osmium scarcely comes into consideration, for the 
w orld’s stocks according to H aber do not am ount to 
m uch over 100 kg. and only small quantities (about 
1 kg.) are obtained annually; this quite apart from its 
high price and very  unpleasant properties.

V ery  soon H aber found in uranium a further very  
good catalyst; it can be em ployed in the form of the 
m etal, of an alloy, or nitrid, or carbid. In the form 
containing carbon or carbid, such is as produced in 
the electric arc from uranium  oxid and carbon, it 
crumbles in the gas m ixture under high pressure to a 
very  fine powder containing nitrogen, which even 
under 500° C. has an excellent catalytic  action. No 
w ater, however, or im purities which give rise to w ater 
m ust be present in the gases, when uranium is used in 
this w ay. From  the following table which shows the 
equilibria obtainable at different tem peratures and 
pressures, can be seen the im portance of the tem pera
ture at which a catalyst is active for the equilibrium 
of the am m onia produced.

E q u i l i b r i a  (N2 : 3H 2).
Pressure.

Tem p. 1 a tm . 100 atm .
;s C entigrade. P e r cent. P e r  cent.

800 0.011 1 .1
700 0.021 2 .1
600 0.048 4 .5
500 0 .13 10.8
400 0 .48

H aber published a short report of his w ork in 19 io .1 
To m y great regret Professor H aber has not been able 
to accept the invitation of the officers of this Congress 
to report personally here on his researches, owing to 
being hindered b y  pressure of work. I have great 
pleasure in fulfilling his wish and thanking the officers 
of the Congress to-day for the honorable invitation, 
and express his regret to this m eeting th at he is unable 
to be present.

1 Zeii. fu r  Elektrochemie, 16, 244-5.

I now turn to the w ork of the Badische Anilin- & 
Soda-Fabrik on the technical developm ent of the 
process. This w ork w as of course a t once taken up 
in 1908 after the first com m unications of Professor 
Haber, and Dr. Carl Bosch was entrusted w ith it. 
In  conjunction w ith his colleagues and w ith equal 
energy and experience in the field of chem istry and 
engineering he has successfully carried out the prac
tical application of the process.

The problem s to be solved were quite new and 
strange and demanded the m astery, of very  unusual 
difficulties. A lthough working w ith compressed gases 
under pressure a t very  low tem peratures was already 
known in the industry, the problem here was the 
to ta lly  different one of constructing apparatus which 
should be large enough and a t the same tim e able to 
withstand the high pressure w ith tem peratures not 
far from a red heat. How well founded were the doubts 
as to the possibility of a solution of this task  can be 
gathered from the instance of the wrought iron auto
claves com m only used in the color industry. Here, 
in spite of a very  low range of tem perature of a t most 
about 280° C., only pressures of from 50 to 100 atm os
pheres at the utm ost come into consideration. B u t 
above 400° C. iron loses its solidity to a very  extraor
dinary degree.

There is further the circum stance th at the metals 
which come into consideration for the construction 
of the apparatus, and especially iron, are chem ically 
attacked above certain tem peratures b y  the gas m ix
ture under pressure. A lthough the form ation of iron 
nitrid from iron and ammonia, which could have been 
expected according to the w ork of Fr6m y and others, 
can be avoided, y e t  it is found, for exam ple, th at steel 
containing carbon loses its carbon at the tem peratures 
in question owing to the action of the hydrogen, so 
th at its capability  of w ithstanding pressure is reduced 
to a minimum. It  was further found, when using 
iron itself, th at it is com pletely changed in its qualities, 
chiefly b y  takin g up hydrogen. Again, a t such high 
tem peratures iron is pervious to quite a rem arkable 
degree to hydrogen under high pressures. The ques
tion of m aterials for the apparatus therefore raised 
a t once considerable difficulties, b u t a t length these 
were more than overcome b y  suitable construction, 
details of which, I am  sure, you  will not expect from  
me to-day. The danger of serious explosions or of 
great sudden flames of hydrogen, if the apparatus 
happens to become defective, can be guarded against 
b y  setting it up in bom b-proof chambers.

Great care m ust naturally be taken th at oxygen or 
air does not get into the apparatus or the piping, for 
a t the high pressure obtaining the explosion range is 
reached w ith  m erely a slight percentage of oxygen. 
Special devices are used to w atch over this content of 
oxygen, and im m ediately a definite percentage is 
touched the alarm  is autom atically  raised. Besides 
this the proper constitution of the gas m ixture in 
circulation is controlled b y  analysis from tim e to time.

The am m onia can be rem oved either b y  being 
drawn directly  from  the apparatus in liquid form, or 
an absorption agent can be su itab ly  introduced into
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the apparatus. The simplest absorbent, water, has 
been found to be suited for this purpose; under the 
pressure used a concentrated solution of am m onia is 
secured. A n y  am m onia th at m ay remain in the gas 
after the bulk has been rem oved b y  one or other of 
these m ethods can be further rem oved b y  special 
chemical means, if it is not preferred sim ply to leave 
it in the circulating gases.

A s before mentioned, H aber observed th at there are 
contact agents w hich a ie  m uch more active than those 
previously known (osmium and uranium being indeed 
found to be m uch more active than pure iron pre
pared from  oxalate of iron or oxid of iron, platinum , 
pure manganese, chromium, and nickel, already at 
considerably lower tem peratures). The Badische 
Anilin- & Soda-Fabrik therefore decided to study the 
various catalysts very  m inutely.

In the course of these investigations, the new fact 
discovered, th at am m onia catalysts in general are 
made more active b y  the presence of certain foreign 
bodies, has proved to be of prime importance. 
Am ong these “ prom oters,”  as th ey have been termed, 
are oxids, hydroxids, or salts of the alkalies, of the 
alkaline earths and the earth metals, further m any 
other substances of the most varied nature, especially 
other m etal compounds or m etals themselves. In 
m any cases just a m inute q u an tity  suffices to raise the 
catalytic  activ ity . This tra it is common to all cata
lysts, for there is not one but its a ctiv ity  can be raised 
b y  these means. Care m ust however be taken (for 
reasons to be discussed later on) not to  choose such 
m ixtures th at m etalloids such as sulfur, selenium 
tellurium , phosphorus, arsenic, boron, etc., under the 
conditions prevailing, are incorporated in the catalyst. • 
Sim ilarly compounds of m etals w ith a low m elting 
point which are readily reduced b y  hydrogen and which 
them selves do not act as catalysts m ust be avoided; 
such metals them selves as lead, tin, zinc and bism uth 
m ust also not be added.

The prom oters mentioned can be added either to 
~he prepared catalyst or to the substances used in its 
preparation, or the .catalyst can be prepared from 
such m aterials as already contain such additions in 
suitable m ixture (for exam ple m agnetic ironstone). 
Under certain circumstances the action of these foreign 
bodies is specially powerful, viz., if the m etals, or oxids, 
or carbonates, or other compounds which are converted 
into oxids on heating, are first heated to high tem pera
tures, preferably to m elting point, and so that the 
resulting product consists chiefly of oxids. When 
proceeding in this w ay  w ith m etals, for instance iron, 
of course sufficient oxygen or oxygen-producing com 
pounds m ust have access. The mass of oxids obtained 
as described is su itab ly broken up and filled into the 
contact stove either d irectly  or after reduction. In 
this case extrem ely small quantities of foreign sub
stances suffice to secure a high and continuous a ctiv ity  
of the contact mass.

W e consider the m arked a ctiv ity  of catalysts pre
pared in this w ay to be in the first place due to the 
fact th at the additions m entioned dissolve, on heating, 
in the highly heated m etallic oxid or become finely

divided in it, and th at in this w ay during the following 
reduction a sort of skeleton, which however is hardly 
to be detected, is formed inside the m etallic mass. 
This effectually prevents a diminution of the surface 
and therefore also of the catalytic  properties of the 
mass.

It  was then further found th at good results can also 
be achieved w ith  pure iron, th at is to say, th at we can 
work w ith it a t temperature^ of for exam ple not much 
above 6oo° C., thus if the ifon intended for the catal
ysis is prepared from the oxid or other iron com pound 
at a com paratively low tem perature, preferably not 
above 6000 C. I t  can also be prepared b y  highly 
heating pure iron oxids, or pure iron in the presence 
of oxygen, preferably to m elting point, and b y  reducing 
the mass of oxid  preferably at a not too high tem pera
ture.

Also manganese, which is related to iron, gives 
under a specific condition good results, w ithout the 
addition of foreign substances. This condition is 
th at care be taken to free com pletely the m ixture of 
nitrogen and hydrogn, before it enters the contact 
space, from oxygen, either free or combined, for in
stance as steam  or water. M erely drying w ith calcium  
chlorid is not sufficient. In the case of several other 
catalysts too a sim ilar careful drying has proved to be 
useful.

Again, it has been found th at another mem ber of 
the iron group, m olybdenum , is b y  itself an excellent 
catalyst. Compounds of molybdenum  can also be 
used, for instance m olybdic acid or ammonium m olyb- 
date.

U nder certain conditions, not published as yet, 
tungsten, either the m etal itself or as an alloy or a 
nitrogen compound, has been found to be a suitable 
cata lyst.1

In view  of the shortness of the tim e I m ust refrain 
from a more exhaustive discussion of this most inter
esting chapter of the contact bodies. It  will be quite 
evident from w hat I have said th at the industry has 
now a num ber of active contact bodies for the syn
thesis of ammonia a t its disposal, and can select from 
case to case the most suitable.

Another discovery of first-class im portance for the 
industrial application of the catalysis of ammonia 
was the recognition of the fact th at there are special 
poisons, so to speak, for the reaction. T h at is to say, 
there are substances which hinder or prevent the 
reaction, although the contact mass does not suffer 
a noticeable chem ical change, envelopment, or de
struction. In the literature there was no indication 
whether there were poisons a t all for the contact mass 
in the catalytic  m anufacture of ammonia, or w hat 
their nature would be. In actual m anufacture such 
contact poisons were known only in the case of the 
catalysis of sulfuric anhydrid and even here only 
when platinum  was used. W hen em ploying other 
contact bodies, such as iron oxid, or burnt pyrites, 
there was nothing known of contact poisons; on the

1 Such conditions a re  e. g., th a t  tungsten , o r its  com pounds m entioned, 
is p repared  a t  tem pera tu res  n o t m uch above 600° C., th a t  th e y  are prepared  
from  tungsten  com pounds b y  m eans of am m onia, in which case th e re  is no 
re s tric tio n  to  a  tem p e ra tu re  a t  ab o u t 600° C.
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contrary, it has even been shown th at the presence of 
arsenic, which is a poison for platinum , has actually  a 
favorable action when iron oxid is used as catalyst.

It  has now been ascertained th at some of the poisons 
in the syntheses of am m onia are of quite a different 
nature from  those of the sulfuric acid process; they are 
for instance, sulfur, selenium, tellurium , phosphorus, 
arsenic, boron, or the com pounds of these elements 
such as sulphuretted hydrogen, arsenic hydrid, phos
phorus hydrid, as also m any carbon compounds and 
certain m etals of low m elting point which can readily 
be reduced b y  hydrogen from their compounds, for 
exam ple lead, bism uth and tin, w hich do not act 
catalytically . O xygen-sulfur compounds, such as SO,, 
which acts directly and sm oothly in the sulfuric acid 
catalysis, are very  poisonous. E xtrem ely minute 
quantities of these bodies, which are alm ost alw ays 
present even in the purest com mercial products or 
in the so-called pure gases, suffice to render the cata
lysts absolutely inactive or a t least to diminish their 
action very  seriously. Thus iron, for example, pre
pared from ordinary iron oxid w ith a content of one 
per thousand of sodium sulfate is, as a rule, inactive. 
Iron containing one-tenth per cent, of sulfur is gener
a lly  quite useless, and even w ith one hundreth per 
cent, is of very  little use, although in appearance and 
when exam ined w ith the ordinary physical and chem i
cal m ethods no difference at all can be detected as 
com pared w ith pure iron.

The recognition of these facts gave rise to two 
problems:

(a) The preparation of contact masses free from 
poison or the rem oval of such poisons from them.

(b) Freeing the gases to be acted on catalytica lly  from 
all contact poisons.

In order to free the contact bodies from these harm 
ful substances, the ordinary methods for rem oving 
them  can of course be applied. The contact action 
can also be im proved b y  heating contact m etals which 
are inactive or of little  use, owing to the presence of 
contact poisons, in the presence of oxygen or of bodies 
yielding oxygen. Or the metals can be heated, for 
instance, in the presence of oxygen w ith the addition 
of suitable com pounds such as bases, and the resulting 
products reduced. These operations can be repeated 
if necessary. I f  more of such a body as mentioned 
is added than is necessary, it m ay act not m erely b y  
rem oving the poisons, but prom ote the yield, as I 
have already described to you.

On the other hand it is necessary, as I remarked, to 
take the greatest care th at nitrogen and hydrogen are 
free or freed com pletely from all contact poisons. 
Thus a trace of sulfur, one part per million, in the gas 
m ixture can under certain conditions be injurious, so 
th at even electrolytically prepared hydrogen m ust 
generally be further specially purified. The m inute 
purification of the gases is even more im portant when 
hydrogen prepared, for exam ple, from  w ater gas is 
used. The impurities too taken up from iron piping 
p lay  sometimes an im portant part, and impurities 
which get into the gases during the compression, such 
as machine oil, often have a harm ful effect.

The best m ethod of rem oving im purities from  the 
gas m ixture depends in turn on the nature of these im
purities and consists, for instance, according to the case, 
in filtering, washing, conducting over solid absorption 
agents and so on. One good m ethod is to bring the 
gases into contact w ith the m aterial of w hich the 
contact mass is prepared a t a raised tem perature, 
before passing them  over the actual catalyst. The 
m aterial takes up the impurities, and m ust of course 
be renewed from time to time. The negative results of 

. earlier investigators in the form ation of am m onia when 
using base contact m etals (W right, R am say and 
Young, and, more recently again, 1911, Neogi and 
A dhicary), according to which nitrogen and hydrogen 
do not combine in the presence of iron, are in m y 
opinion probably due, for the m ost part at least, to 
the use of m etals or gases not free from contact poison. 
T h at previous inquirers had not the rem otest idea 
th at sulfur in the contact m etal could be injurious, 
is evident from the fact th at they passed the gases 
w ithout hesitation through concentrated sulfuric acid 
in order to dry them. The sulfuric acid thus taken 
up and the sulfur dioxid often contained in it can 
poison even the best catalyst very  speedily and render 
it unfit for use. Or the contact m etals were sometimes 
prepared directly from the sulfates, although a m etal 
sufficiently free from  sulfur can scarcely be obtained 
b y  this method.

A  painstaking study, for which we are indebted 
principally to Dr. A . M ittasch and which involved 
literally m any thousands of experiments, has afforded 
an insight into the im portance of substances of the 
most varied nature as prom oters and poisons and thus 
a sure foundation has been prepared for a reliable 
continuous m anufacture w ith a good yield  of ammonia.

[Here the production of synthetic amm onia b y  
means of tw o identical apparatus brought from Ger
m any b y  the speaker was dem onstrated in two w ays:

(1) The gases from the apparatus were passed over 
a large bowl of hydrochloric acid when dense clouds of 
ammonium chloride were formed.

(2) A  large cloth w as moistened w ith colorless 
organic compounds th at give colored products when 
treated w ith bases: the gases from the apparatus were 
then played upon this cloth and the result was a 
b righ tly  colored Am erican flag.]

The question has not y e t been touched upon in the 
foregoing, how the elem ents nitrogen and hydrogen 
which are requisite for the new amm onia process can 
best be produced on a technical scale. Theoretically, 
the task would be unusually simple. If you remember 
th at the terrestrial atm osphere according to the 
studies of A. W egener and others consists of practically  
pure hydrogen at a height of about 120 kilometers, 
indeed a t a height of about 70 kilom eters consists 
of alm ost exactly  one volum e of nitrogen and three 
volum es of hydrogen besides a trace (about one-half 
per cent.) of oxygen, you will understand th at all the 
conditions were given for an amm onia factory accord
ing to Jules Verne. For it would then m erely be 
necessary to suck down the gases from  the higher 
strata of the atmosphere b y  a sufficiently long pipe line.
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F or us, poor m ortals, m atters are not so ideally 
simple, for, as the poet says,

“ hart im Raum e stossen sich die Sachen.” 
F ortunately, however, there is no great difficulty in 
separating nitrogen from  the air, either b y  physical 
means, according to L in de’s process, or chem ically, 
b y  rem oving the oxygen w ith  glowing copper, burning 
hydrogen, or the like. And for the preparation of 
hydrogen in recent tim es a great deal of useful work 
has been done too, owing to the extensive grow th of 
its field of application. In  certain works it is a t dis
posal in large quantities as a by-product of the 
electrolysis of common salt. Besides this it can be 
produced, for exam ple, b y  passing steam over red-hot 
iron, or from water-gas, for instance, by separating 
its constituents hydrogen and carbon m onoxid by 
cooling to a very  low tem perature. A ll the methods 
of preparation which come into consideration we have 
of course m inutely exam ined; owing to the com para
tively  trifling differences in the cost of production 
various methods can be em ployed. A t  all events, 
both elements, nitrogen and hydrogen, are a t the 
disposal of the new industry to an y extent and suffi
ciently  cheap.

C h i u  S a l t p e t e r .

Price2 T o ta l
Chilian per ton . value.

Y ear. ex p o rt .1 M arks. m ill. M. Increase.
1900 1 ,454 ,000 162.2 216 .6 1901-11 995,400 tons
1901 1 ,274 ,000 172.8 th a t  is an  annual
1902 1 ,379 ,200 176.2 average of 99,500
1903 1 ,457 ,600 178.4 to n s  contain ing
1904 1 ,479 ,100 196.2 15.5 per cen t., i .  e.,
1905 1 ,652 ,200 204 .8 338 .2 ab o u t 15,400 tons
1906 1,731 ,800 215 .0 nitrogen, valued  a t
1907 1 ,653 ,600 214.4 19 m illion m arks.
1908 2 ,0 5 2 ,4 0 0 193.3
1909 2 ,1 3 3 ,9 0 0 184.5 393 .7 F ir s t  six m onths 1912
1910 2 ,3 3 4 ,0 0 0 177.6 150,000 tons valued 

a t  ab o u t 29 m illion
J a n .-J u n e m arks  as against

1911 ( 1 ,299.0003) corresponding p e r
1911 2 ,4 4 9 ,0 0 0 190.7 467 .2 iod 1911.
1912 (1 ,4 4 9 ,0003)

1 A ccording to  th e  figures of th e  A ssociation S alitrera.
2 A nnual average H am burg  q u o ta tions .
3 Sem i-annual deliveries in  Europe.

A m m o n i u m  S u l f a t e .

W orld Price T o ta l
production . per ton . value.

Y ear. Tons. M arks. m ill. M. . Increase .
1902 543,000 24 11 131 1908-11.329,000 tons, t\e., an  an 
1908 852,000 237 202 nual average of 110,000 tons,
1909 978,000 230 225 con tain ing  20.5 p e r cen t., i.e..
1910 1,111 ,800 248.5 276 a b o u t 22,500 to n s  nitrogen,

ab o u t va lued  a t  ab o u t 30.6 m illion
1911 1 ,181 ,000 278 328 m arks.

ment of this new industry will not take place a t the 
cost of other branches of industry and commerce. 
Bear in mind for a mom ent the present annual require
ments for nitrogen manures and their continued 
growth. According to the tables before you  these 
figures reached the rem arkable total of 467.2 +  326,
i. e., 793.2 million marks (about 190 million dollars) 
in 1911, and each year sees an increase. In  the last 
few years the increased demand for ammonium sulfate 
amounted to about 10 per cent. The increase of pro
duction from 1910 to 1911 am ounted to 69,000 tons, 
and from  1908 to 1911 on the average as m uch as 110,000 
tons, or 110 million kg. valued at about 30.6 million 
marks (7.3 million dollars). Sim ilarly the nitrogen 
requirements of the world for m anure purposes in the 
form of saltpeter is growing. Chili exported in 1908 
about 2,052,400 tons of saltpeter, and already in 1911 
the figure was about 2,449,400 tons, that is an annual 
increase of nearly 150,000 tons valued at approxi
m ately 29 million marks (7 million dollars). Indeed 
the European deliveries, according to the latest re
ports, from January to the end of June, 1912, reached 
as much as 1,449,000 tons, a demand w hich Chili was 
hardly able to m eet.1 The average annual increase 
from 1901 to 1911 am ounted to 99,500 tons. T h at is 
to say, taking saltpeter and ammonium sulfate to
gether and reckoning only the average increases, 
calculated on nitrogen, we have an annual increase 
in production of about 38,000 tons nitrogen, cor
responding to nearly 185,000 tons of ammonium 
sulfate.

I t  can thus be seen w hat enormous quantities of 
synthetic ammonium sulfate m ust be produced to 
affect the total production b y  as much as one year. 
The saying so often applicable, that

“ Das Bessere ist der Feind des G uten,” 
will thus probably have no meaning in this field. A  
peaceful developm ent of the various new industries 
for the com bination of the nitrogen of the air side b y  
side is to be expected, and w ithout encroaching at 
all on the previous production of nitrogenous manures, ■ 
a favorable horoscope m ay be cast for a fortunate 
career for the new industry.

1 Q uota tions fob. H ull.

A s the production of these elements is not confined to 
the presence of cheap w ater power, all those countries 
where the m anufacture of calcium  nitrate, owing to 
the w ant of such power, is not practicable, as for 
instance in Germ any, are now  in a position to profit 
b y  the new industry. A s I rem arked a t the outset, 
there is every reason to assume th at this industry will 
find a fruitful field of em ploym ent in Am erica, where 
the demand for nitrogen-m anures will soon be greater 
than hitherto.

' It can also be regarded as certain that the develop-

PROGRESS IN INDUSTRIAL CHEMISTRY.-
B y  R u d o l i -h  M e s s e l .

A t a time when the latest discovery of interest may" 
be instantly flashed to the rem otest part of the world 
b y  wireless telegraphy, and the technical press dis
cusses every possible problem as it arises, a presi
dential address seems to me to be alm ost an anachron
ism. In very  few cases is it possible to com m unicate 
anything not already known. W hatever issue a 
speaker m ay desire to consider is sure to have been 
dealt w ith till it is alm ost threadbare, and I fear th at 
the topics I venture to bring before you  m ust be en
rolled in the latter category.

I propose to deal w ith some aspects of the rem ark-
1 D uring  th e  first six  m on ths  of 1912 th e  p roduction  in Chili was 

ro u g h ly  10,000 to n s  less th a n  in th e  corresponding period  of 1911, and  a t  
th e  sam e tim e stocks in s igh t in  th a t  co u n try  receded by  ro u n d  50,000 tons .

2 A ddress delivered b y  th e  P res id en t of th e  Society of Chem ical I n 
d u s try  a t  th e  C hem ists’ Club, New Y ork , S ep tem ber 3, 1912.



768 T H E  J O U R N A L  O F  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 .  Oct., 1912

able progress made within m y recollection. The 
ceaseless energy w ith w hich industry has availed itself 
of the achievem ents of pure science has made possi
ble the m anufacture, on a large scale, of products, 
either unknown but a few years ago, or seen as speci
mens in scientific collections, or produced only b y  
nature. T h at I shall refer to relatively very  few of 
these trium phs of chem ical research and invention 
and m ainly to inorganic products m ust be evident 
when I mention th at the period covered embraces the 
discovery of the aniline dyes and th at of artificial rub
ber, as well as the invention of the first electric tele
phone and of wireless telegraphy.

As m y recollections unfortunately go  back over so 
long a period, I feel tem pted to drag in here one which 
m ay be of interest to some of m y audience, though 
it has no connection w ith the m atter I propose to deal 
with. In 1861, when I was at school a t Friedrichdorf, 
in Germany, m y master, Philip Reis, invented the first 
telephone. I was present at its birth, and assisted 
R eis in m aking the m echanical parts of some of his 
instruments and also repeatedly in his experiments, 
Reis being at one end of the circuit speaking or sing
ing, I listening at the other, or vice versa.

The introduction of synthetic processes m ay be 
said to be the keynote of progress of modern industrial 
chem istry.

One of the most fascinating compounds recently 
introduced into industry is calcium carbide, CaC2. 
I t  had lain dorm ant since its discovery in 1862, b y  
Wohler, until your countrym an W ilson and Moissan 
made use of the electric furnace to produce i t ; now its 
m anufacture constitutes a m ighty industry, close on
300,000 tons being produced annually. Serving as it 
does as raw m aterial for the m anufacture of calcium  
cyanam ide, it is now the parent of numerous other 
products of great importance. Am ong these m ay be 
mentioned acetylene, C3H „ so largely used as an il- 
luminant, and for welding and cutting metals, and I 
m ay remind you  th at the possibility is foreshadowed 
that this gas will be of use as the starting point in 
making other chemicals. Calcium cyanamide, apart 
from its undoubted great value as a fertilizer, is com 
ing to the fore as a source of cyanides, now so largely 
used in extracting gold. W h at m ay be of far greater 
importance, it  is convertible b y  the action of super
heated w ater into ammonia, which in turn m ay be 
converted into nitric acid and nitrate of amm onia b y  
oxidation w ith air under the catalytic  influence of 
platinum .

I have recently noticed alarming reports in the press 
th at the im possibility of procuring supplies of ni
trate of soda from Chili in tim e of war m ay prove a 
serious handicap to any country in the production 
of explosives and powder. Considering th at the quan
tity  of nitrate of soda used for the purpose is but a 
fraction of th at required in agriculture and th at large 
stocks are held for this purpose alm ost everywhere,
I cannot share the w riter’s fear. B u t in view  of the 
fact th at ammonia salts are produced b y  all gas 
works and of the m any attem pts to produce it syn
thetically, the catalytic m ethod of producing nitric

acid from  amm onia m ay deserve more attention than 
it has received up to now, especially if ammonia, no 
m atter how produced, should become a sufficiently 
cheap raw  material.

The m ost interesting feature in the production of 
calcium  is the use of pure nitrogen. Of the various 
methods of preparing the gas, th at which involves 
fractional distillation of liquefied air seems to be 
preferred. W e are becom ing fam iliar in industry 
w ith the impossible, but who could have expected such 
a possibility only a few short years ago? Think of 
the excitem ent caused in the scientific world when, 
in 1877, P ictet and Cailletet first succeeded in lique
fying oxygen. P ic te t’s work was then described 
as the most brilliant achievem ent in m odem  science. 
The barrier between condensable and perm anent 
gases was broken down and the latter term  w as de
prived of its significance; but how much w ork re
mained to be done, w hat ingenuity had yet to be 
exercised, to translate this scientific discovery into a 
process for the industrial preparation of nitrogen ! 
Success has been achieved b y  the exertions and in
genuity  of several of our greatest authorities in ph ys
ical and chem ical science; nowadays, every gas that 
is required is readily procurable in the liquefied form 
(Cl2, S02, N 20 , C02, N H S, etc., etc.) in the well known 
steel cylinders capable of w ithstanding enormous pres
sures.

If I have laid stress on the conversion of ammonia 
into nitric acid, the reason is th at ammonia is obtain
able locally everywhere, either as a by-product of the 
m anufacture of illum inating gas or Mond gas and 
from  coke ovens, and th at the installation for con
verting it into the acid is a relatively  cheap one. 
T he numerous attem pts to produce amm onia syn
thetically  from its elements nitrogen and hydrogen 
or from  various nitrides, such as those of 
titanium , boron, magnesium, aluminum, and calcium, 
can moreover only be of benefit in solving the prob
lem. True, the direct production of nitric acid b y  
means of the electric arc from  atm ospheric air m ay ap
pear to be a more rational process, but so long as this 
industry is tied to w ater power, and the difficulties of 
transporting nitric acid as such in alum inum  or iron 
packages be not overcome, the case seems different 
in m y judgm ent, particu larly  in countries where w ater 
power is not available and other power as y e t too 
expensive. It ’ is to be remembered th at to carry 
nitric acid safely in iron packages, about 10 per cent, 
of concentrated sulphuric acid has to be added, and 
th at if one or the other of the am m onia processes 
under trial should m ake it possible to transport it as 
nitrate of ammonia, from  which it can readily be 
liberated at the place of consumption, the difficulty 
of carriage in the event of w ar would still remain.

M y reason for referring a t such length to the pro
duction of these compounds of nitrogen is their im
portance in agriculture. Food the nations m ust have, 
and it seems th at to this end they will require the ser
vices of the chem ist more and more as population 
grows. The great stimulus, our medalist, Sir W il
liam  Crookes, has given to the production of nitric
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acid b y  calling attention to the near approach of the 
exhaustion of the deposits of nitrate of soda is well 
known. His suggestion to utilize Cavendish’s dis
covery of the direct interaction of the constituents of 
the atm ospheric air and the success, so far achieved, 
have often been referred, to; the work done b y  Birke- 
land and. Eyde, b y  Schoenherr, Pauling, and others, 
is also well known, but it gives me particular pleasure 
to point out th at here again Am erica w as the first 
to attem pt the realization of this great problem. 
The realization of the other great problem, i. e., the 
production of ammonia from its elements, appears like
wise on the eve of accomplishm ent, and I hope it will 
not be long before we shall have details of the manner 
in which it has been solved in practice, and how the 
great technical difficulties have been overcome. It  
w ill likewise be interesting to learn som ething about 
the relative efficiency of the various uranium and iron 
catalytics used, etc. I f  the published particulars as 
to tem perature (about 650°) and pressure (about 150 
atmospheres) be correct, the task to be solved was 
one of no mean order. Meanwhile, we can only offer 
our best wishes to the ever enterprising Badische 
Anilin- und Soda Fabrilc.

Tw o of the other processes mentioned before, nam ely, 
th at of the production of am m onia from calcium  
nitride and from aluminum nitride, are likewise most 
interesting, the former for chem ical reasons, i. e., the 
conversion of m etallic calcium  first into calcium  ni
tride, Ca3N 2, then b y  the action of hydrogen on this 
compound into calcium hydride and ammonia, the 
calcium  hydride being subsequently reconverted by 
means of nitrogen into calcium  nitride and amm onia—  
so th at a relatively  small qu an tity  of calcium  is theo
retically  sufficient to produce an infinite qu an tity  of 
ammonia. Numerous processes have been devised 
for producing hydrogen; one of the latest is P icte t’s, 
who splits up hydrocarbons either directly into hydro
gen and carbon or b y  means of steam, a t the m elting 
point of iron, into hydrogen and carbon monoxide, 
thus m aterially increasing the yield.

Inasm uch as aluminum nitride yields on hydroly
sis, together w ith  ammonia, a particu larly  pure form 
of aluminum  hydrate, starting from  an impure raw 
m aterial, it m ay becom e of great im portance to the 
alum inum  industry. I well remember alum inum  and 
more often magnesium being made b y  Bunsen b y  the 
electric arc on a dim inutive scale as a lecture experi
ment. W e students used to cough violently  when the 
w hite fumes w hich were given off began to fill the 
lecture room, until Bunsen, smiling pleasantly, men
tioned th at the w hite fumes were due to the am m o
nium chloride he had added to keep the surface of 
the m etal bright and th at ammonium chloride was an 
excellent rem edy for a cough. The coughing then 
stopped. A s a curiosity, bars of the m etal about 3 
in. b y  1 in. b y  1/2 in. were handed round and weighed 
b y  every one in his hand; the m etal was doubtless 
produced b y  St. Claire D eville’s sodium process. 
The annual output of alum inum  in 1909 w as over
24,000 tons, produced electrically. N ow th at the 
problem  of autogenous welding of the m etal, which

so long defied all efforts, has been solved, the use of 
alum inum  for chem ical apparatus has become prac
tical ; apart from  its u tility  in handling nitric acid, the 
m etal has proved to be of the greatest value in brew
eries, in the food industry, and in varnish works.

The application of. alum inum  as a fuel b y  Gold
schm idt has further led to the production, b y  his 
Alum ino-Therm ite process, of m any m etals in a rela
tively  pure form otherwise only producible b y  the 
agency of the electric current. Chromium, m an
ganese, and m olybdenum  prepared b y  this method, 
besides various alloys of nickel, iron and copper w ith 
these m etals or w ith titanium  and vanadium  have 
found a use m ainly in the iron industry. The igneous 
process of welding rails and repairing castings b y  
means of the Therm ite process is of course known to 
all, as well as the use of tungsten and tantalum  as fila
ments in electric incandescent lamps. The fact th at 
tantalum  filaments, of v a stly  greater strength than 
those form erly produced b y  compression of the m etal 
in powder form, can now be obtained b y  drawing 
the m etal through diam ond dies will doubtless give 
an increased stim ulus to the use of the element. The 
mention of tantalum  m ay call to your mind the fact 
th at the expression iare is fallen into disuse, as the 
earths once known as rare are in every-day use, and, 
owing to the scientific acumen displayed b y  A uer von 
W elsbach, the gas industry is now well able to hold 
its own against the electrical. B u t electricity is in 
evidence everyw here in our industry. It  threatens to 
displace the furnace in the alkali works, it provides 
us w ith chlorine and the tim e m ay not be distant 
when m uriatic acid is made electrically. W e are in
debted to the electric furnace for the sodium industry 
(with its application to the cyanide, sodium amide 
and other m anufactures) and to the production of 
ferrosilicon, carborundum  and graphite, for which, in 
the form of electrodes and lubricants, Am erica, thanks 
to Mr. Acheson, remains as y e t unsurpassed. The 
m anufacture of nickel b y  the rem arkable Mond car
bonyl process should not be forgotten. This m etal 
would appear to have some future in the elimination 
of carbon bisulphide from  coal gas and possibly as a 
catalytic  in other industries. W e do not, however, 
alw ays w ant to get rid of sulphur. A  m ost original 
idea, successfully carried into practice b y  Frasch, in 
Louisiana, is no doubt th at of liquefying sulphur in 
the bowels of the earth and then pum ping it up.

A fter thus ram bling through the highw ays and b y 
w ays of inorganic chem istry, we now arrive a t a differ
ent class of industries. There is  no need to go into 
an y  detail, but suffice it to say th at their influence has 
been of momentous im portance industrially, and in 
turn has acted and reacted greatly  on science. Merely 
to mention them  is sufficient. I refer, of course, to 
dyestuffs and synthetic organic products, including 
drugs.1 I will not w eary you b y  repeating w hat has 
been related so often and so fully. I t  is, however,

1 A m ong sy n th e tic  d rugs there  figures now th e  fam ous ind ica to r 
p heno lph thalein . B eing colorless and  taste less  itself while tu rn in g  p ink  
on the  add ition  of soda, i t  h a s  been  added b y  G overnm ent to  earm ark  cer
ta in  k inds of hock. T he qu ite  unexpected  re su lt is th a t  th e  ind ica to r is 
now  sold as a  splendid aperien t u n d er th e  nam e of “ P urgene .”
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notew orthy th at from the outset, the establishm ent 
of new industries, based on the discovery of aniline 
dyes, and of methods of producing alizarin and indigo 
artificially, has in turn given rise to m any others, as 
the organic and inorganic chemicals th ey required, 
which were little, if a t all known to commerce at the 
time, had to be produced on a large scale. Benzol, 
nitrobenzol, aniline, to mention only a few, were 
among the newcomers, later on came anthracene.1

The coal tar industry is now the largest consumer of 
inorganic products and was the cause of the invention 
o f the catalytic  process of m anufacturing sulphuric 
anhydride. M ay I be allowed to relate how I came to 
be connected w ith this industry? I was a pupil of 
Professor Strecker at Tübingen in the later sixties. 
When subsequently, in 187-, I. again met him and his 
brother— who was a chem ist a t Hoechst— and Dr. 
Brüning, one of his pupils, he spoke of the importance 
of fum ing sulphuric acid in the alizarin industry. 
The process of sulphonating anthraquinone had been 
introduced or was about to replace Perkin ’s dichlor- 
anthracene process, the use of ordinary concentrated 
oil of vitriol having proved to be very  destructive 
to the anthraquinone a t the elevated tem perature 
th at had to be em ployed. T o m y question how this 
fum ing acid could best be made, he replied, ‘ ‘ th at is 
a problem for you to solve.”  A  few  experiments 
convinced me that, given pure gases, the catalytic  
action of platinum  was the rational solution of the 
problem ; I had to wait, however, for an opportunity 
of carrying m y idea into practice. This came when, 
in April, 1875, a telegram  reached me from m y then 
principal, Mr. W . S. Squire, asking me to read up 
th at night about Nordhausen acid as it was required 
b y  an alizarin works. I showed Squire how simple a 
m atter it was to bring about the com bination of sul
phur dioxide and oxygen b y  means of platinum  and 
other catalytics, but.it was not until a t his request I had 
carried out a num ber of experiments w ith bisulphates, 
etc., which were not very  successful, th at he asked 
me ‘ ‘ to try  m y dodge;”  henceforward we worked con
join tly  on the production of the anhydride b y  cata
lytic  action. Though the process was patented in 
Squire’s name, Sept., 1875, as others were afterw ards 
or in the name of Neal (a clerk in a Paten t A g en t’s 
office), they are the joint work of Squire and myself. 
Soon after, in the 2rtd October H eft of Dingler’s Poly
technisches Journal, W inkler published an account of 
his process which was practically  identical w ith ours. 
Both of us erred a t th at time in believing that stoichio- 
metrical proportions of the gases were the best to use,

1 I t  is in te resting  to  note  th a t  in th e  early  days of aniline dyes, certa in  
chem icals were sm uggled in  th e  works u n d er a  w rong nam e to  hide the ir 
id en tity . I  w as a t  the  tim e in the  em ploy of D r. E ugen  Lucius, la te r a  
m em ber of th e  firm M eister, Lucius und  Co., hence th is  recollection. G rea t 
difficulties were experienced in recovering arsenic o r disposing of the  residues. 
A sto ry  is to ld  w ith reference to  these  difficulties, am using perhaps to  all 
excep t those concerned in it. All troub les seem ed to  be over when some 
s tranger appeared  who undertook  to  dispose of these  residues and  was 
rich ly  paid  for h is services. O stensib ly  he had  in te rested  som e cap ita lis t 
in  a  “ perfect p rocess" fo r th e  recovery  of th e  arsenic and  had  been a d 
vanced considerable sum s for th e  alleged purchase of th e  residues which 
were w arehoused as a security . As m ay  be im agined, th e  chevalier H in 
dus trie p resently  d isappeared  and  th e  illegal storage and  th e  s tric t regu la
tions  as to  th e  disposal of arsenical m ateria l en ta iled  a fu rther considerable 
expend itu re  on the  enterprising  cap italist.

and the various sim ilarities gave rise to unpleasant 
comment. In letters, however, which I possess, 
W inkler freely acknowledges the independence of our 
w ork and only regrets th at he had deprived himself 
of the benefit of the invention of his publication, but he 
was anxious to work w ith us.

I cannot leave this chapter w ithout paying m y 
tribute to the work done b y  others in developing the 
catalytic  process, and foremost, to the late Dr. K nietsch 
and his co-workers in the Badische Anilin- und Soda 
Fabrik. A t the same time, I will let you  into one or 
two secrets. The one is th at so far I have not been 
successful in working w ith the spent oxide of gas 
works. It  has the advantage of relative freedom from 
arsenic, but the draw back of producing an acid which 
is not so bright and colorless as th at made from pyrites. 
The color is due to the organic m atter in the raw  m a
terial and to the formation of nitric oxide from  its 
nitrogenous constituents. N itric oxide can be traced 
in the burner gases and it is not elim inated in the 
washing process to which the gases are subm itted. 
Another point is th at there is a loss of platinum  
am ounting to about 1 grain per ton of m onohydrated 
acid produced; the loss m ust be of a mechanical 
nature and can be detected in the drips, although 
actinium  is not discoverable in the gases at this enor
mous dilution. I believe I can find confirmation of the 
assumption th at the platinum  is carried forward 
owing to the rapid ity  of the current because in none 
of the processes I have worked a t a relatively  low 
velocity  have I found an y loss of platinum , except 
such as is unavoidable in extracting the asbestos.

Fum ing sulphuric acid has found its chief use in 
the coal tar color industry, in refining certain petro
leum oils— m ainly the Russian oils— and vaseline, 
and in the explosive industry. As nitrocotton forms 
the basis of the celluloid industry, which has been so 
greatly  developed of late, I must mention it and the 
rivals which it has found in acetyl and cupram m onium  
cellulose and last, but not least, in the viscose dis
covered b y  Cross and Bevan. These m aterials are 
used in large quantities for the production of artificial 
silk, photographic films and artificial hair; nor m ust I 
om it to mention the im portant wood pulp industries 
depending on chemical processes.

Sufficient exam ples have been given to illustrate 
m y case: to show th at science and industry are w ork
ing hand in hand, and the im portance of the result 
which such cooperation has produced.

In fact, no branch of industry has been left un
touched b y  the ceaseless and irresistible advance of 
chem ical science and technology.

A nd now when we look back on this long list of 
chem ical industries which I have brought before you 
and their great variety, we have to ask ourselves: Can 
a chem ist be so trained th at on entering into any 
kind of works he will a t once be of use and efficient, 
apart from  the expectation that, as a m atter of fact, 
he is supposed to be a proficient analyst? My answer 
is in the affirmative, provided th at the em ployer him 
self knows something about the industry in which
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he is engaged; in th at case, he w ill be patient and not 
expect too much from a beginner.

M y illustrations m ust serve to show th at if the stu
dent is but to know  the chemical and physical prin
ciples which underlie so wide a range of a ctiv ity  as 
an y one of the industries I have pictured provides, 
his tim e will be more than occupied; to expect him to 
be conversant also w ith  the technical and economical 
aspect of industrial problem s and to be able to apply 
his knowledge forthw ith is going too far. Technical 
training can be of real value only after a sound founda
tion in the principles and practice of pure science has 
been acquired. Again do I ask: Can such technical
knowledge be acquired b y  the student before entering 
into practice as well as the scientific knowledge th at 
w ill be of use to him and his em ployers in all or the 
m ajority  of the industries I have enumerated? It  is evi
dent it cannot; and if it cannot be done, is it worth the 
student’s while to sacrifice much tim e at the m ost im
portant and critical part in his life, as far as learning 
is concerned, in acquiring technical knowledge which 
m ay be of no assistance to him in after life?1

Too early concentration on special subjects must 
have a bad effect on the developm ent of the power and 
habit of thinking independently and on the develop
m ent of the facu lty  of im agination in the student. If 
he can find time, apart from his bread and butter 
education, it is much better for him to turn his mind 
to subjects of general culture, such as history, art and 
literature. Experience teaches me th at technique 
is very  readily acquired in practice b y  one who has 
been scientifically trained. The most im portant task 
of the em ployer in industry, as in every other walk 
in life, is to find the right m an; and the right man 
w ith scientific knowledge, who has im agination and 
power of observation and can select and command 
com petent subordinates, is im m easurably more use
ful than the otherwise right man w ithout scientific 
knowledge. Before all things, it  is necessary to find 
the right m an; experience and inventive facu lty  must 
do the rest. I t  is not th at we do not possess sufficient 
knowledge when we leave our college as students; 
w hat we lack is experience and the power of applying 
our knowledge. Our great chem ical industries have 
been originated and developed b y  scientifically trained 
men; to name only a few, men such as Perkin, Caro, 
Brunck, Solvay and Mond, Y oung, the Siemens’s, 
Duisburg, have never found an y difficulty in securing 
the cooperation of engineers or electricians com petent 
to construct an y kind of p lant they have required to 
carry out their problems.

In fine, Carlyle has well said: “ He who has learned
how to learn can learn an ythin g;”  the best system  
of education is the system  w hich teaches each man 
how to educate himself.

Our education really begins when we leave college 
and the storm of life forms our character. W e have 
to study, as nothing in this world is given to us for

1 T o  a  fa th e r’s req u est to  lay  stress  on  his son ob ta in ing  p a rticu la r 
knowledge a b o u t h is  own (the  fa th e r’s) industry , one of m y  professors 
replied : “ Y ou  do n o t teach  you r son gym nastics in o rder th a t  he shall be
efficient w hen a m an  is tu rn in g  som ersaults in com petition  w ith  o thers.”

nothing; books, our scientific and technical' sbcieties;'* 
m ust assist us.

H ad tim e perm itted, much m ight have been said 
of industries which are alm ost specifically Am erican 
and of developm ents th at are now taking place in 
connection w ith the m anufacture of food supplies. 
M y difficulty has been m erely to indicate, the vast 
num ber of directions in which the chem ist is now ren
dering service to Society. E ach  one of m y hearers 
w ill be able to enlarge upon one or the other of the 
topics to which I have referred. I can ask. you now 
only to reflect how much lies behind m y story. The 
progress witnessed in m y time is inconceivable. I t  is 
impossible for one of m y position to do justice to 
such a theme, but of its infinite im portance to our 
civilization there can be no question.

OXIDATION OF ATMOSPHERIC NITROGEN AND DEVELOP
MENT OF RESULTING INDUSTRIES IN NORW AY.2

B y  S a m u e l  E y d e .

W e all know  th at the atmosphere surrounding us is 
composed of nitrogen and oxygen; to create b y  the 
union of these two elements new chemical com bina
tions th at can be utilized in the -world’s household is 
the task of the new industry.

(The work of Priestley and Cavendish, Crookes and 
R ayleigh and Ram say, and L ovejoy  and Bradley along 
this line was mentioned briefly but w ith appreciation.) 
The difference between previous methods and th at 
of Birkeland-Eyde is th at the latter have applied large 
quantities of electric energy in the electric arc, and 
have first found out the best method of doing this, 
while it was previously  believed that it was small 
q u an tities. of energy th at gave relatively the best 
results. I t  is on th at assumption th at the apparatus 
em ployed b y  them  was constructed.

In the Birkeland-E yde method, the electric flames 
used in the electric furnaces start between the points 
of the electrodes which are close to  each other. B y  
this an easily m ovable and flexible current is estab
lished, which, w ith the arrangem ents made, will be 
found in a highly m agnetic field. The electric arc 
th at has been formed m oves on account of this m ag
netic field w ith great velocity  perpendicularly to the 
lines of force, and the electric arc’s foot draws back

1 T hese societies, th e  in tercourse w ith  professional friends engaged in 
th e  sam e p u rsu it as  ourselves o r in k indred  industries, are inva luab le  to  
ou r educa tion  an d  so a re  th e ir  papers and  periodicals. U nfo rtunate ly , 
m ost of u s h ave  to  keep n o t one b u t q u ite  a  num ber of scientific periodicals 
and  here we arc  faced w ith th e  fac t th a t  th e y  a ll con ta in  a b strac ts  and  th a t  
th e  sam e m a tte r  is a b strac ted  in  m ost of them , y e t we can n o t find th is  o u t 
till we h ave  w aded th rough  them . Professor N oyes m ade an  a tte m p t to  
p rev en t th is  overlapp ing  a b o u t te n  years  ago and- th e  In te rn a tio n a l A sso
c ia tion  of Chem ical Societies, which held its  first m eeting  in  P a ris  in  1910 
and  m e t again  in B erlin  th is  year, will consider th is  p roblem  am ong o thers  
in  London in 1913. In  th e  case of pu re ly  scientific chem istry,' th e re  should  
n o t be m uch  difficulty in succeeding; as regards applied- chem istry , objec
tions have been  ra ised , w hich ou r Council is now  considering. W ere i t  
possible to  r id  ourselves of th e  incubus of overlapping  a b strac ts , i t  w ould 
doubtless be a  g re a t sav ing  of tim e to  all of u s and  its  Tealization should  n o t 
be ligh tly  se t aside. .,

2 A b strac t of lec tu re  delivered b y  D r. Sam uel E yde, of C hristian ia, 
N orw ay, a t  a  jo in t m eeting  of th e  Sections on  Inorgan ic  C hem istry, P hysical 
Chem istry, E lec trochem istry  and  A gricu ltu ral C hem istry a t  th é  A udito rium  
of th e  A m erican M useum of N a tu ra l H is to ry . E ig h th  In te rn a tio n a l Con
gress, New Y ork , Septem ber, 1912.
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from the points of the electrodes. W hen the length 
of the electric arc increases, the electric resistance 
becomes greater and the tension increases until it 
becomes so great th at the new electric arc starts from 
the points of the electrodes.

To regulate the current, an inductive resistance is 
used in series with the flame. W ith  alternating cur
rent all the arcs are formed alternating in opposite 
directions and appear to the eye to be circular discs. 
This flame is a powerful technical means for the oxi
dation of the nitrogen of the air. The flame in our 
furnaces bum s w ith a steadiness th at is really as
tonishing.

The electrodes are th ick copper tubing, through 
which w ater passes for cooling them. The chamber 
in which the flame burns is circular, of only a few 
centim eters width, and about three meters diameter.

The interior of the furnaces is lined w ith fire clay 
brick, through the walls of which the air is adm itted 
to the flame. The nitrous gases formed in the flame 
escape through a channel made along the casing of 
the furnace, which, like the flame chamber, is furnished 
w ith fire-proof bricks.

E ach furnace is furnished w ith an induction coil, 
b y  means of which the power is regulated as required. 
The induction coil serves to m ake the flame in the 
furnace steady even while working. This furnace 
burns for weeks w ithout any regulation worth men
tioning. The maintenance of the furnace and its 
repair are simple, as the most exposed portions, the 
electrodes, require change only every third or fourth 
week, and then only a small part of them, and the 
fire-proof masonry every fourth to .sixth month.

The tem perature in our flames exceeds 3,000° C. 
The tem perature of the escaping gases m ay vary  
between 8 oo°-i,ooo° C. The furnaces are made of cast 
steel and 'iron, the middle of the furnace being built 
out to a circular flame chamber. The electrodes are 
led radically into this flame chamber. B y  aid of 
centrifugal fans the air is brought into each furnace 
through tubes from the basement.

From  furnaces no longer than could be held in the 
hand, and which took an energy of some few horsepower 
we have attained two types which can, as mentioned, 
take an energy of more than 5,000 H. P. W e have 
had in the course of this period of developing our 
method four experimental stations.

Some years later than the invention of our furnace, 
Dr. Schoenherr, w ith the electrician, Hessberger, of 
the Badische Com pany, perfected an electric furnace 
for the oxidation of the atmospheric nitrogen, which 
is built on quite a different principle.

In place of the great disc of electric flame he de
velops a long slender arc in the axis of a narrow iron 
tube, through which a current of air is forced.

The type now used consists of a somewhat slender • 
vertical column of iron plates seven meters in height. 
The inner tube is the reaction cham ber; the others 
form channels for the entrance of the air current and 
its exit after coming in contact with the flame. In  this 
w ay  the heat of the outgoing gas is transferred to the 
ingoing current.

A t the lower end is the main electrode, m ovable in 
a vertical direction. The reaction tube serves as the 
second electrode. B y  means of a lever the space 
between the electrode and the tube can be bridged 
over and the arc formed. The air current, forced b y  a 
powerful aspirator, enters in the lower part of the 
furnace and passes the channels. The entrance to 
the reaction cham ber is through a number of small 
tangential openings arranged in several horizontal rows 
in the sides. The current passes in this w ay  from the 
cham ber and the arc is driven up in the midst of the 
rapidly m oving current of the air.

A s a quick cooling is of im portance in securing a 
good yield, the upper third of the tube has a water- 
jacket through which the gases pass, and in this w ay  
the reverse reaction is prevented to a notable degree.

The reaction is identical w ith th at obtained in the 
Birkeland-Eyde furnace, and the yield, as far as the 
results now obtained show, is practically the same.

A t Notodden we have only furnaces of the Birkeland- 
E yde system , from 1,000 to 3,000 kw.

A t R jukan there are, however, furnaces of the B .-E . 
system, 3,000 kw ., as well as furnaces of the Schoenherr 
system, all of 1,000 kw.

W hen the air in the flame cham ber has been treated 
b y  the electric flames the nitrous gases formed pass 
out through pipes which convey the gas to' the steam 
boilers, in which the tem perature, . which was, as 
mentioned, 1,000° C., is reduced.

The steam produced in the boilers is utilized in the 
further treatm ent of the products. In the boiler house 
there are also air compressors which supply compressed 
air for pum ping acid and lye in the factory ’s various 
chem ical departm ents. The gases pass on from the 
steam boilers through an iron pipe into the cooling house. 
E ach  cooler consists of a great num ber of alum inum  
tubes over which cold w ater runs, while the hot gases 
pass through them  and are considerably cooled. 
From  the cooling chambers the gases go on to the 
oxidation tanks.

These oxidation tanks are vertical iron cylinders 
lined w ith acid-proof stone. The object is to give the 
cooled gases a sufficient period of repose in which the 
oxidation of the oxide of nitrogen m ay take place. 
The necessary am ount of oxygen is present in ample 
quantity  in the air which accompanies the gases from 
the furnaces. From  the oxidation tanks, the gases, 
b y  biast engines, are led into the absorption towers. 
A ll the towers are filled w ith broken quartz, which is 
neither affected b y  nitrous gases nor b y  nitric acid. 
To assist the passage of the gases, there are centrifugal 
fans constructed of aluminum on each row of towers. 
The gases enter a t the base of the first tower, pass up 
through the quartz packing, and b y  a large earthen
ware pipe into the top of another tower, then down
ward through the quartz to the bottom  of the second 
tower, and so on until the air, relieved of all nitrous 
gases, leaves the last tower. W ater trickles through 
the granite towers, and this is gradually converted into 
a w eak nitric acid, while the liquid used in the iron 
towers is a solution of soda. The absorbing liquid
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enters the top of the tow er and is distributed in jets 
b y  a series of earthenware pipes, so that the perm eating 
gases come in im mediate contact w ith the absorbing 
liquid. In  the granite towers nitric acid is thus formed, 
and in the iron towers a solution of nitrite of soda.

The liquid emerges in a constant, even stream from 
the bottom  of the towers, th at from the granite towers 
running into the granite cistern. Hence it flows into 
the “ m ontejus” which serve to pum p up the acid, 
which has to pass repeatedly through the tow er before 
it has become strong enough for the purpose for which 
it is intended. The “ m ontejus” are worked b y  com 
pressed air, and send the acid up into large stoneware 
tanks. From  these jars the acid again runs through 
the towers as described. The “ m ontejus” work 
autom atically.

The iron towers are percolated, as already mentioned, 
b y  a solution of soda; otherwise the whole process is 
practically  similar to th at in the granite towers. The 
solution of soda, owing to its far greater power of 
absorption, effects the separation of the last remains of 
nitrogenous gases from the accom panying air. Of the 
entire q u an tity  of nitrous gases passed through the 
absorption system  about 97 per cent, is absorbed. 
The finished nitric acid from the towers, which has a 
strength of about 30 per cent, b y  volum e, is collected 
in granite cisterns, from which it is drawn to what is 
called the “ dissolution w orks.”  These consist of 
granite vats filled w ith limestone, over which the acid 
is poured. This drives off w ith violent effervescence, 
the carbonic acid contained in the limestone, while the 
nitric acid takes its place and forms a w atery solution 
of nitrate of lime or calcium  nitrate. The rest of the 
acid is neutralized in small towers filled w ith m ilk of 
lime, and is now pum ped into vacuum  evaporating 
apparatus. The object of boiling in vacuum  is the 
great saving in the heat required.

The steam required for the evaporation is obtained 
from  the steam  boilers, heated, as before mentioned, 
b y  the furnace gases. The concentration of the 
nitrate solution in the evaporizing plant is continued 
until the specific weight of the liquid at an even tem 
perature shows a content of 13 per cent, of nitrogen. 
This solution is then sufficiently evaporated and can 
be pum ped up into the solidification chambers, where 
it is conducted upon a revolving cylinder, cooled on 
the inside, where it stiffens so quickly  th at it springs 
off in small leaf-like pieces, which can be granulated in 
the crushing mill. The coarse powder so produced 
is raised b y  an elevator to a vat, from  the bottom  
of which it is tapped into casks holding 100 kilos net 
weight.

The gas led into the iron tow er forms w ith the 
solution of caustic soda a solution of nearly pure 
sodium nitrite. This is concentrated b y  evaporation 
in the same sort of apparatus as above, and is allowed 
to  crystallize. The crystals are dried in a centrifuge 
and tapped into casks.

The barrels are made at our own cooper’s shop and 
are lined w ith paper to guard against the damp.

Besides these tw o products, nitrate of lime and 
n itrite of soda, we have during the last years a t our

Notodden W orks taken up the m anufacture of con
centrated nitric acid and of nitrate of ammonia, which 
products h ave a lready won a good reputation, and in 
com paratively  large quantities are shipped to the 
U. S. A. and other countries.

W e are, however, in our industry not confined to 
these products hitherto mentioned. W e have possi
bilities for the developm ent of a whole series of new 
industries.

Visitors to our factories are often under the impres
sion th at the works are not running a t all. There is 
but little noise and hardly an y workmen are visible. 
Indeed it is rem arkable how few  people are required 
to run th e  establishm ents in our industry. Com para
tiv e ly  large w orking forces are needed only in the 
packing and w rapping departments.

For the developm ent of the atm ospheric nitrogen 
industry the question of w ater power is a vita l one. 
Our industry cannot exist unless it can procure for 
itself cheap w ater power. There is hardly a country 
in the entire world that can boast of more favorable . 
conditions in this respect than N orway, and the enor
mous rise of our industry m ust be attributed to a very  
large extent just to N orw ay’s magnificent oppor
tunities regarding the supply of the factories with 
w ater power. I t  m ust be borne in mind th at N orw ay 
has not only her magnificent and high waterfalls, but 
th at she has big lakes likewise in her mountains, allow 
ing the construction of enormous natural reservoirs for 
leading the w ater to the power stations. Especially in 
the districts of our industry we enjoy most favorable 
conditions in this respect. The works now built are 
all situated in the southeastern part of N orway, in the 
Telem ark R iver district.

The first works, the Notodden N itrate Factories, are 
adm irably situated a t the lake of Hiterdal, about fifty  
feet above the level. A  short channel w ith a series of 
locks perm its com munication w ith the town of Skien, 
an im portant seaport at the head of the fjord. Under 
the present conditions vessels of 100 tons burden 
can ascend to Notodden. It  is planned to enlarge the 
locks so as to allow the passage of seagoing vessels of
2.000 tons.

The Notodden factories, which now have about
60.000 H. P. working, get this power from two 
neighboring waterfalls, Lienfos and Svaelgfos. A t 
Lienfos, about tw o miles from  Notodden, a dam with 
a fall of about fifty-five feet was com pleted in 1911. 
The volum e of w ater is seventy-five cubic meters per 
second. The power station is equipped w ith four 
units, each of 5,000 H. P.

The Svaelgfos power house is situated above, about 
one mile from Lienfos. The volum e of w ater is the 
same as a t Lienfos. The dam  secures, however, a 
fa ll of about 165 feet. A  tunnel takes the w ater to the 
reservoir, from which four flumes cut in the solid rock 
conduct the w ater to the station where there are four 
sets of turbine generators, each of 10,000 H. P. The 
generators are capable of evolving 13,000 H. P ., and 
rank among the largest units in the world.

The power of these tw o waterfalls^ is transm itted 
to Notodden b y  six separate lines. E ach  line con
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sists of six  cables tw elve millimeters in diameter. The 
three-phase alternating current of fifty  periods is 
transm itted w ith a voltage of 10,000.

A  second power station at Svaelgfos is now under 
construction. A s the normal volum e of w ater b y  an 
additional regulation of distant lakes in the same 
watershed soon will increase to ninety cubic meters, in 
the new power station likewise tw o additional units 
of 10,000 H. P. each are built.

A bout sixteen miles farther up the river the first 
regulating dam at the Lake of Tinn was constructed 
a t the same time as the w ater station of Svaelgfos and 
the factories at Notodden. The immense basin regu
lated b y  this dam  m akes it possible to store up fu lly
300.000.000 cubic meters of water.

For the regulation of the w ater supply a dam was 
built a t the Lake M osvand b y  means of which the 
level of the lake is raised over 46 feet. A s the surface 
of the lake is not less than 23 square miles, nearly
900.000.000 cubic meters can be retained. The m ini
mum flow in the river is in this w ay  increased from 5-47 
cubic meters per second, or the w ater power at R jukan 
only from 30,000 to 250,000 H. P.

T o give you some idea of the developm ent of our 
industry I let pass in review the factories we have 
had at the different times:

H . P. E m ploy W ork 
D ates. F acto ries . utilized. ees. m en.

Ju ly 1903 Frognerkilens F a b r ik .................... 25 2 2
Oct. 1903 A n terlokken ...................................... 150 4 10
S ep t. 1904 Vasm oen and  A ren d a l.................. 1,000 6 20
M ay 1905 N oto d d en ........................................... 2 ,500 4 35
M ay 1907 N otodden  and  Svaelgfos.............. 42 ,500 12 103
Nov. 1911 N otodden, Svaelgfos, Lienfos

and  R ju k an  I ............................ 200,000 143 1,340

According to the results of the use of our nitrate of 
lime, it is stated th at it is the same as the Chile salt
peter and for certain soils it is even better. I have 
the pleasure of telling you th at we to-day are sending 
m any thousands of tons of the Norgersalpeter to 
California and H aw aii to be applied to the fruit orchards 
and sugar plantations; and the demand is twice as 
large as last year.

T h at our nitric acid and nitrate of amm onia are 
enjoying a good reputation is shown b y  the following 
extract from an English periodical, “ The Sphere.”  
I t  was a peculiar coincidence that just on m y trip over 
here I happened to see this paper and the article in 
question. There it reads— ‘ ‘N itric acid is the main

constituent of guncotton, dynam ite and smokeless 
powders. One of the chemicals made at Notodden 
greatly  reduces the heat of discharge, thereby pro
longing the life of a big g un ,” and further:— “ N itrate 
of ammonia obtained at Notodden b y  the m arvelous 
electric process described here, is the principal con
stituent of m any of the explosives for mines and is, 
therefore, of high im portance to the n a v y .”  I could 
not wish anything better to be said in favor of our 
products; you  would believe I had pu t it into the 
newspaper myself.

If you ask me w hat above all has contributed to 
such a rapid developm ent of our industry, then I 
wish to mention the confidence the financial people 
gave and the good collaboration between engineers 
and myself. W e all were filled w ith the same thought, 
to create something great and useful for our country, 
and we all had in view  the great im portance this new 
industry would have from an international point of 
view.

There is, however, one thing which I wish to tell 
you  and which more than anything else has contributed 
to the great success attained in the developm ent of 
this industry, and th at is th at I m ainly have em ployed 
young men for this work. This assertion m ay appear 
strange but, I assure you that it is the “ lack” of e x 
perience which has created this industry. If I had 
paid attention to all the doubt and hesitation brought 
forward b y  the so-called authorities during the de
velopm ent of our enterprise, the Norwegian people 
to-day would never have their nitrate industry. 
Thanks to the young people, to their undaunted 
courage, energy and love of action the work has been 
done, and it is in grateful remembrance of all our 
struggles in jo y  and sorrow, th at I look backw ard to 
the work th at has been done and the good results we 
have obtained to-day. The Norwegian nitrate in
dustry is not alone a technical but also a financial 
success, and I have been able to keep m ÿ promise to 
the big financial institutions, the Banque de Paris and 
the Société Genérale, and also to our German associa- 
ates, who to-day all are proud of the assistance and 
confidence th ey gave to the industry.

My own country, the small N orway, who is the 
youngest daughter of the fam ily of the electrical 
industries, does no more need to be proud alone of the 
discovery of the South Pole, but is glad to be able to 
contribute her share in the solution of the most im
portant questions relating to the w orld’s household.

CURRENT INDUSTRIAL NEWS
B y  W .  A .  H a m  o r .

A NEW WOOD PRESERVATIVE.

“ Aczol”  is a new wood-preserving material, consisting of 
metallic ammoniates and an antiseptic acid. It  is said to exert 
no harmful action on either wood or metal. E vidently the use 
of “ Aczol”  is based upon the process of permanently fixing large 
quantities of m etallic salts in the wood, as in the patented pro
cess of Gcrlachc, wherein wood is impregnated with an aqueous 
solution containing free ammonia and ammonia compounds of

copper and zinc (e. g., ammoniacal solutions of copper sulphate 
and zinc chloride).

AIR COMPRESSOR LUBRICATION.

It  is noted in The Engineering and M ining Journal (93, N o. 
23, 1125) that explosions within the cylinders of an air compressor 
are usually caused by the ignition of inflammable gas arising^ 
from the use of too much lubricating oil of low flash-point;.
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it  is further pointed out tliat excessive use of oil tends to give 
rise to sticking of the valves. Attention is called to a  lubricant 
which is free from these objections, namely, soapy water with 
which a small amount of flake graphite has been mixed. The 
graphite flakes remain suspended in the water until admitted 
to the interior of the cylinder, where they exhibit a tendency 
to attach themselves to the metallic surfaces, imparting a super
ficial glaze which is smooth, acquires a high polish and prevents 
actual contact of metal with metal. The soapy water m ay, 
however, cause rusting, so it  is advisable to introduce a little 
oil into the cylinder when shutting down the compressor.

of the vessel and its rotary' movement produce an automatic 
gradation, so that only a finely ground mixture escapes a t B, 
while the coarser particles remain in the mill for additional 
grinding. The reduction is accomplished in reverberatory 
furnaces, retorts or muffles. The operation m ay be cither 
intermittent or continuous. In the latter case, the usual one 
when a reverberatory furnace is used, the mixture is deposited 
near the front of the furnace and pushed back a t regular intervals. 
Continuously operating groups of vertical retorts (Fig. 2) or 
interm ittently operating muffle ovens (Fig. 3) arc also employed.

THE OXYGRAPH.

The oxygraph, described in The Engineering Record (65, 
No. 25, 701), is the latest appliance developed in connection 
with the oxy-acetylene-cutting process. It is constructed 
along the lines of the pantograph, the novel feature being a 
mechanically propelled tracer which gives uniform speed. The 
geared tracer, is driven b y  an electric motor attached to the 
head of the machine. The oxygraph is said to cut steel 3 in. 
thick or less, a t  a speed of 6 in. per minute, and to be capable 
of cutting curves and right-angled corners. W ith high quality 
oxygen, the kerf is very narrow, and the cuts clean and sharp. 
The work is performed by guiding the tracer along the lines of 
the drawing on the tracer table, the torch cutting a reproduc
tion in the steel K  the size of the drawing. The appliance is 
said to be useful in die-making and for getting out difficult 
forms, as blanks for crank shafts of moderate dimensions.

THE MANUFACTURE OF LITHOPONE.

Lemaire states (.Set. Am. Suppl., 74, 147) that the manu
facture of lithoponc is almost confined, in Europe, to Germany. 
A  good deal of secrecy is observed in the manufacture— a fact 
which seems strange in view of the simplicity of the chemistry 
involved, but which is justified by the necessity of employing 
special machines in order to assure the cheapness and uniform 
quality of the product.

The quality of the lithopone depends largely upon tlie care 
exercised in the preparation of the two soluble salts, barium 
sulphide and zinc sulphate. These salts therefore are always 
prepared in the lithopone factory. Some German firms make a 
lithopone of the best quality, containing a  large proportion of 
zinc sulphide, from which they obtain lower grades by  adm ix
tures of pulverized natural barium sulphate (hcavy-spar), which 
is very cheap, but which absorbs oil far less perfectly than the 
precipitated barium sulphate which is contained in genuine 
lithopone.

The soluble barium sulphide is obtained by reducing hcavy- 
spar (natural barium sulphate) by charcoal at a red heat, and

F lo . 1.— H a r d in g e  T u b e  M i l l .

leaching the mass after cooling with water. The heavy-spar 
and charcoal, according to Nagel, should be ground and mixed 
together in revolving tube mills, which can be cheaply operated. 
In the United States, the Hardinge tube mill (Fig. 1) is coming 
into use. The hcavy-spar and charcoal are introduced at the 
end A  and the pulverized mixture passes out at the opposite end
B. Although the apparatus contains 110 sieve, the conical form

F i g . 2 .— V e r t i c a l  R e t o r t s : C, 
R e t o r t s ; E, E x t r a c t o r ;

F ,  F u r n a c e .
F i g .  3 .— M u f f l e  O v e n s :  M ,  

M u f f l e r ;  F ,  F u r n a c e .

In both of these cases the losses which are occasioned by oxida
tion in the reverberatory furnace arc avoided, but the consump
tion of fuel is greatly increased.

In the United States, a revolving furnace like the Bruckner 
apparatus used in soda factories is employed. This furnace 
gives very good results, but its continuous rotation produces 
and disseminates dust, which must be removed by a  collecting 
chamber placed between the furnace and the chimney. A 
furnace of this kind, 6 feet in diameter, 13 feet long, and making 
one complete revolution in two minutes, suffices for the pro
duction of 10 tons of lithoponc per day. Nagel suggests the 
employment of the revolving furnacc which is used for producing 
cement clinker, and which operates continuously and consumes 
little fuel.

The hot reduced mass is placed in iron cars, provided with 
sheet-iron covers, in order to prevent oxidation of the barium 
sulphide to sulphate, and allowed to cool: The leaching is

F i g .  4 .— G a s - H e a t e d  M u f f l e  O v e n s :  G, R e c u p e r a t o r ; M ,  M u f f l e r ,  
P , G a s  G e n e r a t o r  ; V, G a s  V a l v e  ; V ', A i r  V a l v e .

accomplished in double-bottomed vats or in the Shank apparatus 
employed for the leaching of crude soda in the Leblanc process. 
The operation must be conducted rapidly in order to prevent 
oxidation.

A ll that part of the factor}' which is devoted to the preparation 
of barium, sulphide should be separate and distant from the 
rooms in which the manufacture of lithopone takes place, for 
the smallest trace of charcoal dust or natural barium sulphate 
would destroy the whiteness of the lithopone. Natural barium 
sulphate is often very impure and frequently contains salts of 
iron and other metals. A  trace of iron salt in the barium sul
phide makes the lithopone sensitive to the action of light. Such 
traces of impurity are removed by methods which have been 
kept secrct.

In Germany the zinc sulphate employed is obtained from
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complex ores rich in zinc blende (natural zinc sulphide). These 
ores are roasted until the blende is converted into oxide and arc 
then treated with sulphuric acid. In the United States, zinc 
white of inferior quality and natural oxides of zinc are sometimes 
used. It  is also possible to employ zinc scraps dissolved in 
sulphuric acid. The crude solution of zinc sulphate is placed in 
a va t and mixed with granulated zinc or zinc scraps, which 
precipitate any copper and lead which may be present. The 
dear liquid is decanted and boiled with an admixture of chloride 
of lime, which oxidizes and precipitates the salts of iron and 
manganese as insoluble oxides. The mass is passed through a 
filter press and the clear liquid is collected in reservoirs.

In order to produce lithopone the solutions of zinc sulphate 
and barium sulphide are mixed in the desired proportions in a 
precipitating vat. The mixture is heated by steam for some 
time and the precipitate formed is separated in a filter press and 
washed with water. The drying is effected continuously in 
drying tunnels provided with blowers and heated by steam. 
The precipitate is placed in layers on wooden shelves in cars, 
which are drawn through the tunnel.

The dry product is heated to a dull red in muffles. The ovens 
arc heated with charcoal or now, preferably, b y  recuperating 
gas generators (Fig. 4). The hot hard mass resulting is quenched 
in cold water, which causes it to crumble. It is again filtered 
out and dried, and is then pulverized and sifted. In general 
the final grinding is applied to the moist product before the final 
drying, unless it is possible to employ dry grinding in a tube mill 
of the Hardinge type.

THE POLLUTION OF STREAMS BY SPENT GAS LIQUOR.

H. M. M. Wilson (Industrial Hygiene Section, R oyal Sanitary 
Institute, York, July 31, 1912) states that hitherto the large 
quantities of gas liquor produced in the manufacture of gas in 
England were regarded entirely as trade refuse, but are now 
considered of value, as considerable profit is derived from the 
recovery of ammonia from the liquor. The ever-increasing 
production of gas liquor is not dependent upon the manufacture 
of gas for illuminating purposes, but is also due to improved 
methods of coke manufacture and to the increased manufacture 
of power gas. Gas liquor contains ammonia in a free state and 
in combination with acids; this is recovered by distillation in 
two stages: by  means of live steam and afterwards with the 
addition of lime. The hot vapors which pass from the still 
through sulphuric acid are cooled and condensed in a scries of 
pipes into a grossly polluting liquid ("devil w ater” ). This 
liquor is sometimes discharged as refuse, but is generally re
turned to the storage tank for gas liquors and is circulated again 
through the still. The bulk of the refuse comes from the still, 
being spent gas liquor after the ammonia has been expelled, 
along with lime added during the process. The spent gas liquor 
leaving the ammonia stills is a light brown liquid, of a tempera
ture of some ioo° C., turbid from particles of spent lime and 
tarry matters, and having a peculiarly offensive odor; it  is 
strongly alkaline and exceedingly hard. The effect of a discharge 
like this upon a small stream is disastrous, the water being 
rendered poisonous, offensive, discolorcd, and unfit for ordinary 
use. Moreover, the great capacity of the refuse for absorbing 
oxygen is very detrimental to the stream in preventing self
purification. The purification of this kind of refuse has been a 
problem difficult to solve. I t  is easy to eliminate suspended 
solids by  means of settling tanks; but these, though objection
able, arc innocuous compared with the matters in solution. 
When diluted, the liquid is amenable to treatment on biological 
filters. Fowler has constructed a  percolating filter of some
w hat coarse material, 9 feet deep, and prepared it either by using 
material which had previously formed part of a sewage filter or 
by  ripening the filter by  the application of a weak sewage until 
nitrification was induccd. To such a filter he has applied spent

liquor from gas-works— clarified by  settlement and diluted to 
10 times its original volume either with clean water or with 
filter effluent— at the rate of 100 gallons of the diluted liquor 
per square yard per day. This treatment effects a marked 
reduction in the oxygen absorbed figure, and sulphocyanides and 
phenols are also greatly reduced. However, the cost of carrying 
out the Fowler process is considerable, 2 to 3 cubic yards of 
filtering material being required for every 10 gallons of the crude 
refuse produced daily. For a battery of 40 coke ovens yielding
20,000 gallons of spent liquor daily, nearly */, acre of filter 6 to 9 
feet deep would be required; even -after this purification, the 
liquor would still dcletcriously affcct a pure stream of small 
volume. I t  could, however, be used for m any colliery purposes, 
e. g., coke quenching and coal washing. Two methods of partial 
purification of spent liquor have been introduced by J. Rad- 
cliffe, who claims that all solids in suspension, all free lime, all 
hydrocyanic acid, 70 per cent, of the sulphocyanides, and 60 
per cent, of the solids in solution, can be removed, and that the 
oxygen absorbed figure can be reduced by 75 per cent. In some 
collicri:s, the spent gas liquor is discharged into old pit workings, 
while in others the refuse is disposed of by  passing it into trenches 
on the top of the spoil bank. Direct evaporation of the refuse- 
in specially constructed furnaces has also been adopted in several 
instances. The latest developments in coke-oven plants w ill 
reduce the volume and alter the character of the refuse, so that 
the problem will be made easier.

THE MELTING POINTS OF FIRE BRICKS.

Kanolt (/. Wash. Acad. Sci., 2, No. 14, 337) has determined 
the melting points of fire bricks, taking as the m elting point the 
lowest temperature at which a small brick piece could be dis
tinctly seen to flow. The experiments were conducted in an 
Arsem graphite resistance vacuum furnace, and the samples, 
which were from 1 to 2 cm. in diameter, were usually enclosed 
in a refractory tube to protect them from reducing gas and were 
heated at the rate of about io °  F. per minute when near the 
melting point. The temperatures were determined by means 
of a Morte optical pyrometer of the Holborn-Kurlbaum type.

It  was found that in the case of certain bricks made of hetero
geneous material of relatively low melting point, the melting 
points were slightly higher after six hours’ heating to 1550°, 
apparently as the result of the gradual running together of dis
similar particles to form a mixture having a higher melting point 
than the most fusible of the original materials.

The results are summarized in the following table:
M e l t i n g  P o i n t s  o p  F i r e  B r i c k s .

N um ber of M elting po in t
M aterial. sam ples. C entigrade.

F ire  c lay  b ric k .................... ..................  41 1555-1725
m ean  1649

B au x ite  b ric k ................... .. ................... 8 1565-1785
Silica b r ic k ........................... ...........  3 1077-1705
Chrom ite b r ic k ................... ...........  1 2050
M agnesia b r ic k ................... ...........  1 2165
K ao lin .................................... ................... 3 1735-1740
B au x ite .................................. ...........  1 1820
B aux ite  c la y ........................ ............  1 1795
C hrom ite............................... ...........  1 2180
P ure  a lu m in a ...................... 2010
P ure  silica........................ 1750

The value 1750° given for silica is not the true melting point, 
but represents approxim ately the temperature at which the 
silica flows distinctly. I t  was found that silicon carbide does not 
melt below 2700°; it becomes unstable at much lower temperatures.

“ PERSIL”  AS A BLEACHING AGENT.

According to Revue Sci., 13, 407, sodium perborate, under the 
name of "Persil,”  is now used for bleaching linen. A  solution of 
sodium perborate heated to 6o° C. gives sodium metaborate and 
oxygenated water. For bleaching cotton, it is first boiled with.
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"alkasil”  (sodium monosilicate), and then in a  bath containing 
5 per cent, of sodium perborate. The temperature should be 
below 250 C. for bleaching flax, hemp, jute, and ramie, in which 
cases hypochlorites, sodium peroxide and sodium perborate are 
used concurrently. Sodium perborate gives a decided white 
color after steeping several hours a t 70° to 80° C. and maceration, 
and after the use of hypochlorites acts as an antichlor. Straw 
m ay be bleached by the use of sodium peroxide or perborate in 
a solution acidified with oxalic acid, and a 1 per cent, solution 
of sodium hydrosulphite ("blankit” ) is also employed. Wool 
is bleached by sodium perborate, preferably in water acidified 
with lactic acid; but to bleach silk it is first necessary to wash 
in soapy water mixed with benzine, to remove the fatty  matters, 
and then to treat with a bath of 1,000 liters of water containing 
10 kilograms of cocoanut-oil soap and 2 to 3 kilograms of sodium 
perborate.

THE DISINFECTION OF POTABLE W ATERS B Y  CHLORIDE 
OF LIME.

A t the Fifty-third General Convention of the German Union 
of Gas and Water-gas Manufacturers at München, on June 24-28, 
1912, Professor Bruns gave an account of the disinfection of 
drinking water by  means of chloride of lime. Tw enty years 
ago Traube used chloride of lime for the disinfection of water. 
His experiments were confirmed by Kratschm er and others, 
but were contradicted by Engel, who claimed that it is impossible 
to kill all pathogenic bacteria completely. This process has 
not been employed in Germany, but has been used for a number 
of years in the United States for the purpose of disinfecting water. 
The employment of this method is dependent upon the cheapness 
of chloride of lime, which varies w ith its hypochlorite content, 
the average being from 35 to 38 per cent. The disinfecting 
action of chloride of lime was first determined by Robert Koch, 
who showed that chlorine is one of the strongest disinfecting 
agents, and his experiments were confirmed later. Bruns states 
that the "chlorine”  is dissolved in 100 parts of water and allowed 
to flow into the main stream so that the relation becomes 
1 : 500,000. The number of bacteria is greatly reduced, but 
the taste is impaired, although this is not generally complained 
of. W ith larger amounts of chlorine, the results were bacterio- 
logically satisfactory, but complaints were received on account 
of the foreign taste. Bruns performed experiments wherein 
equal quantities of chloride of lime and calcium thiosulphate 
were used; the thiosulphate served to render the free chlorine 
in the water inactive. When sodium thiosulphate was used, 
m any complaints were received on account of the bad taste of 
the water. Bruns considers that chloride of lime can not be 
used for every purpose, but is still valuable for purposes of 
sterilization; this process can not be used in the purification of 
dirty waters unless filtration is also resorted to. I t  should 
always be borne in mind that chloride of lime is a disinfectant 
and not a purifying agent.

AMMONIA EVAPORATION AND TRANSFORMATION IN SOILS.

The lower fertilizing efficiency of ammonium sulphate as 
compared w ith sodium nitrate has been ascribed to various 
reasons, including slowness of nitrification, fixation of nitrogen 
in organic forms, and evaporation of ammonia. Von Wlodeck 
(Chem. World, 1, 287) reports experiments on soils in sunken 
cylinders to determine the loss and transformation of ammonia

OBITUARY— FRED ER ICK J. MAYER.

Mr. Frederick J. Mayer was born at Bremerhaven, Germany, 
July 4, 1853. He received his early education a t the U niversity of 
Stuttgart, Germany, and came to this country in 1870 after the

from soils containing varying amounts of lime, silt, and clay. 
In the course of his experiments, varying applications of ammo
nium sulphate, either alone or in combination with superphos
phate, were made. The loss of ammonia by  evaporation, when 
the ammonium sulphate was used under conditions as nearly 
natural as possible, was very small. W ith a high lime content 
of the soil, and heavy application of ammonium sulphate, the 
loss was larger. There was little or no loss where a mixture of 
ammonium sulphate and superphosphate was used, and the deep 
application of the ammonium sulphate greatly reduced the loss. 
The results of the observations of von Wlodeck on the fixation 
of the ammonia in organic forms were not entirely conclusive, 
but indicated that the fixation in the case of a loam soil was 
practically the same whether ammonium sulphate was used 
alone or mixed with superphosphate. On a light soil, super
phosphate seemed to increase nitrogen fixation, and the addition 
of superphosphate apparently did not effect nitrification.

THE LOCATION OF UNDERGROUND PIPES.

A  device for indicating the positions of pipes in waterworks 
systems, in cases wherein repairs or new connections are to be 
made, is being manufactured by a Quincy, 111., concern and is 
now being used by a number of water companies. It  is based 
upon the principle of causing a slight flow of electric current in 
the pipe, which thereby becomes a conductor. When an electric 
coil is brought within the field of this conductor, a current will 
be induced in the coil and cause a sound in a  telephone receiver 
connected to the coil. The sound increases or decreases as the 
coil is carried nearer to or farther from the underground con
ductor, but ceases when nearest to it, that is, when directly over 
it. The situation of the pipe is thus determined by locating a 
number of points directly over it. In making use of the instru
ment, wires from a portable battery are attached to suitable 
connections and the operator, carrying the instrument in his 
hand and the receiver at his ear, walks across the supposed line 
of the pipe, the exact position being indicated by the absence of 
sound. In locating a service pipe, the battery wires are con
nected to the house cock and hydrant, causing a current along 
the service line.

THE CASTING OF MAGNESIUM ALLOYS.

Owing to the affinity of magnesium for oxygen, difficulties 
arise in casting alloys containing this metal. According to U. S. 
Patent 1,028,216, of June 4, 1912, Hoffman and Suchy have 
found that this reaction is mitigated by the addition of a  small 
amount of calcium to the alloy. It  is claimed that alloys thus 
formed m ay be cast without the formation of either magnesium 
oxide or nitride, or any other'injurious action occurring. For 
example, magnesium and its alloys, when mixed with from 0.1 
per cent, to 0.5 per cent, of calcium, flow without the occurrence 
of burning or the formation of a dark skin on the surface of the 
metal. The castings, moreover, do not effloresce in air and fill 
the molds perfectly, and the property imparted by the calcium 
is not lost on repeated fusion and casting. The calcium m ay be 
applied in the form of calcium oxide or m ay be added during 
the electrolytic production of magnesium. No characteristics 
of a calcium alloy are imparted, as the calcium or calcium oxide 
is used in such small quantities.

Franco-Prussian W ar, in which he saw active service. Being 
an engineer, he engaged with the Bartlett H ayward Company of 
Baltimore, Md., as draftsman and while with them, up to 1906 as 
Chief Engineer, he designed, erected and operated m any of the

NOTES AND CORRESPONDENCE.
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large gas plants constructed by that company. In 1906 Mr. 
Mayer severed his connection with the Bartlett Hayward Com
pany and organized and established the Didier-March Company 
in the United States, taking the position of General Manager.

H aving made a life study of the carbonization of coal for 
metallurgical and domestic purposes, to him must be credited 
the establishing of some of the best foreign apparatus in the 
United States for the carbonization of coal by both the inter
m ittent and continuous system in vertical retorts for gas house 
practice. He not only secured these rights for the United 
States, but he promoted the companies, erected the plants and 
put them in successful operation.

Mr. Mayer had invented m any improvements for the manu
facture of illuminating gas, patents of which were secured in 
the United States, Germany, France and England.

A t the time of his death Mr. Mayer was 59 years old, an ardent 
and tireless worker, well known in the United States and abroad; 
a member of the American Gas Institute, the American Society 
of Mechanical Engineers, the Illuminating Engineering Society, 
Chemists’ Club, American Peat Society, German Club and m any 
other social and technical organizations.

Mr. Mayer is survived by his widow.
J a s . V .  V .  C o w v e l l .

THIRD INTERNATIONAL RU BBER CONFERENCE.

The Third International Rubber Conference convened a t the 
Grand Central Palace in New Y o rk  City, September 24-30, 1912.

A fter a careful consideration of the subjects discussed 
at the International Congress of Applied Chemistry, it was con
sidered desirable to take up at the Rubber Conference those 
topics which appeared to be of more immediate importance to 
the manufacturer and consumer. Specifications for Materials, 
especially fire hose, were considered in detail. Probably the first 
attem pt which was made to bring rubber goods manufacturers 
in consultation with the consumer was the N avy Conference, 
which was held within the past year, and which brought out such 
a frank expression of opinion.

The Executive Committee, which was formed to act in an 
advisorj' capacity to the Conference, consisted of the following:

Henry C. Pearson, New York, President; Frederic Dannerth, 
Ph.D., Honorary Secretary; E. S. Land, U. S. N., Washington; 
D. A. Cutler, New York; Dr. Lothar Weber, Boston; Dr. W.
C. Geer, Akron, Ohio; Dr. S. P. Sharpies, Boston; Dr. Eugenio 
Dahne, Brazil; C. E. S. Baxendale, Federated Malay States; F. 
Crosbic-Rolcs, Ceylon; A . Staines Mandcrs, London.

Fifteen of the principal American railways were represented 
at the Conference through their chief chemists and engineers of 
tests.

The following organizations and Governments were repre
sented b y  official delegates:

American Chemical Society, American Society for Testing 
Materials, Society of Chemical Industry', American Institute of 
Chemical Engineers, German-American Technical Society, Insti
tute of Operating Engineers, U. S. Department of the N avy, U. 
S. Department of Commerce and Labor, U. S. Department of the 
Interior, U. S. Isthmian Canal Commission, The Official Material 
Testing Bureaus of the principal foreign Governments, The F ac
tory' Mutual Laboratories of Boston, Mass., Federal Government 
of Brazil, Federated Malay States and Straits Settlements, 
Ceylon, Hawaiian Islands, Province of Moro, Philippine Islands, 
Burma (India), The State of Amazonas (Brazil), The State of 
Matto Grosso (Brazil), The State of Para (Brazil), The State of 
Acre (Brazil), The State of Minas Geraes (Brazil), Bolivia, R e
public of Honduras, State of Bahia (Brazil).

S c h e d u l e  o f  M e e t i n g s .

Tuesday, Sept. 24th, at 2 p .m .— An address of welcome b y

the President, Mr. Henry C. Pearson. Topic discussed, “ Crude 
Rubber.”  Special papers:

“ Rubber Contracts," Arthur W. Stedman.
" The Plantation Industry,”  Cyril E. S. Baxendale, Esq., of the 

Federated Malay States.
“ Various Manihols Producing Rubber in  the Central Slates 

of Brazil,”  J. Santiago Cardwell-Quinn, Commissioner.
“ Possible Rubber Producers in the Temperate Zone," Charles 

P. Fox, Akron.
“ Some Effects of Acclimatization upon Guayule. Parthen- 

ium Argentatum,”  Francis E. Lloyd, Montreal, Canada.
Wednesday, Sept. 25th, at 10 a .m.:
“ Problems in Vacuum Drying,”  J. P. Devine.
" Manufacture o f Dipped Goods,”  T. W. Miller.
"  Physical Methods of Testing Rubber and Rubber Products,”  

P. L. Wormcley, Bureau of Standards, Washington.
“ Factory Management and Organization Methods,”  J. C. 

Jurgensen (President of the Institute of Operating Engineers), 
and Frederic Dannerth (Consulting Chemist).

Thursday, Sept. 26th, 10 a .m.:
" A B rief History of Fire Hose Specifications," E. A. Barrier.
Topical discussion on specifications (mechanical rubber goods 

for railroads, Federal and Municipal Governments), including 
as sub-topics: Air brake hose, railroad steam hose, fire hose,
navy packings, etc.

“ The Commercial Possibilities o f Synthetic Rubber," L. E. 
Weber, Boston, Mass.

Friday, Sept. 27th, at 10 a.m.— A  report of the transactions 
of the N avy Conference at Washington, December, 1911, E. S. 
■Land, U. S. N. Topical discussion on specifications: (a)
Materials for insulated wire; (6) Textile materials (sheeting, 
duck and yarns).

A  preliminary report of activity  by the "Railroad Committee”  
on "Standard Methods of Testing Rubber Products."

A t 7 p .m .— Informal dinner for rubber chemists and engineers.
Saturday, Sept. 28th, at 10 A.M,— Meeting for the presentation 

of resolutions and recommendation of official methods for physical 
testing and chemical analysis of crude gum and manufactured 
rubber goods.

MUNICIPAL W ATER CONSERVATION EXHIBIT OF THE CITY 
OF PHILADELPHIA.

The Department of Public Works of the City of Philadelphia 
is to open on or about the seventh day of October this year, 
and continue for two wxeks, a noteworthy exhibit pertaining 
to the use and waste of the municipal water supply. This 
exhibit will be held in the courtyard of City Hall and ever}' 
endeavor will be made to make it of great educational value to 
the people.

Suitable booths will be erected so that all the interesting 
exhibits displayed a t the time will be properly protected from 
any adverse weather conditions.

In addition to the official display of the Departm ent of Public 
Works, all the local manufacturing and jobbing trade in water 
appliances have been invited to show every device and apparatus 
pertaining to the use, but particularly to the conservation of 
water.

It is the idea of the Department of Public W orks to make 
this exhibit entirely along popular lines, easily understood by 
everyone and to so educate the consumer of water that the 
enormous waste which now obtains in this C ity m ay be reduced 
thereby to a minimum.

There will be much in this exhibit of interest to Engineers, 
and all those connected in any w ay with municipal w'ater plants, 
architects, and students of civic affairs in general. All inquiries 
on the subject should be addressed to H. W. Benjamin, Room 
790, City Hall, Philadelphia, Pa.
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NEW PUBLICATIONS
B y D . D . B e r o l z h e i m e r , L ib rarian , C hem ists’ Club, New Y ork .

PAPERS OF SPECIAL INTEREST TO INDUSTRIAL CHEMISTS 
AND CHEMICAL ENGINEERS FROM THE PROCEED

INGS OF THE EIGHTH INTERNATIONAL 
CONGRESS OF APPLIED CHEMISTRY.

A lc o h o l;  E q u ilib r ia  in  S ystem s C o n ta in in g  A lc o h o ls , S alts  and  
W ater, I n c lu d in g  a  N ew  M eth o d  of—  A n a ly s is . B y  Geo. B . F r a n k 
f u r t e r  a n d  F r a n c i s  C. F r a r y .  Vol. 2 2 , p p .  8 7 - 1 2 7 .

A lc o h o l;  T h e  P ro d u ctio n  o l—  a n d  S u gar iro m  th e  Sap of th e  N ip a  
P a lm . B y  H .  D .  G i b b s .  V o l .  8 ,  p p .  1 3 -1 9 .

A ld e h y d e s; A  S tu d y  of som e M eth o d s fo r th e  D e te rm in a tio n  of— .
B y B. G. F e i n b e r g . Vol. 1, pp . 187-203.

A lk a lin e  S a lts ; On R e c e n t Progress in  th e  E le c tro ly s is  of— . B y  
M . W i l d e r m a n .  V o l.  2 1 , p p .  1 8 5 -1 9 6 .

A llo y ;  A  N ew —  w it h  A c id  R e s is t in g  P ro p erties. B y  S. W . P a r r .

Vol. 2, pp . 209-213.
A lu m in iu m ; T h e  In flu e n ce  of P o u rin g  T e m p e ra tu re  u p o n —  A llo y s .

B y  H .  \V .  G i l l e t t . V o l .  2 ,  p p .  1 0 5 -1 1 2 .

A n a ly s is ;  C a d m iu m  N itra te  in  Q u a lita t iv e — . B y A n t o n  V o r i s e k .

Vol. 17, p p . 91-102.
A n a ly t ic a l;  A  P la n  fo r O rgan ized  R esea rch  a n d —  C h e m istry  in  

S u cce ssfu l C h e m ic a l M a n u fa c tu r in g . B y  W i l l i a m  C. F e r g u s o n .  

Vol. 2, pp . 95-102.
A rs e n ic ;  Som e F acto rs In flu e n c in g  th e  Q u a n tita tiv e  D e te rm in a tio n  

of—  in  S o ils . B y  J .  E . G r e a v e s .  V o l .  15 , p p .  1 2 1 -1 2 8 .

A s s a y in g ;  S a m p lin g  an d —  of S ilv e r  Ores, C o n ta in in g  C o b alt, 
N ic k e l an d  A rsen ic . B y  J a m e s  O t i s  H a n d y .  Vol. 3 , p p .  8 9 - 9 5 .  

B itu m in o u s ;  C la ss ifica tio n  of—  and  R esin o u s S u b stan ces. B y  
H e r b e r t  A b r a h a m .  Vol. 10, p p .  7 - 1 5 .

B ra ss ; T h e  T e n sile  S tre n g th  o f C o pper-Zinc A llo y s . B y  W i l d e r  
D .  B a n c r o f t  a n d  J .  M . L o u r .  V o l.  2 ,  p p .  9 - 1 6 .

C a lo r im e te r ;  A  N ew — B o m b , w it h  S p e c ia lA d v a n ta g e s  as to  M a te r ia l 
o f C o n s tru c tio n  and  M eth o d  of O p eration . B y S. W . P a r r .  Vol. 
1, pp . 389-393.

Cane S u g a r ; T h e  In v e rsio n  of—  b y  M ean s of A m m o n iu m  C h lo rid .
B y  F .  S p o h m e r  a n d  O. F a l l a d a .  Vol. 8 , pp . 85-92. ( G e r m a n .)  

C a o u tc h o u c ; T h e  A p p lic a tio n  of O sm osis to  th e  D e re sln iflca tlo n  
an d  to  th e  R e g e n e ra tio n  of— . B y  P . B a r y .  Vol. 9, pp . 7-15. 
( F r e n c h .)

C e llu lo se  A c e ta te  In d u s try . B y  L . C l e m e n t  a n d  C .  R i v i e r e .  Vol.
9, pp . 59-69. (F rench .) ■ ,

C e llu lo se ; B a m b o o — . By W i l l i a m  R a i t t .  Vol. 13, pp . 219-232. 
C e m e n t; T h e  C o n tro l of D u st in  P o rtla n d —  M a n u fa c tu re  b y  th e  

C o ttr e l l E le c tr ic a l P re c ip ita tio n  Processes. B y W a l t e r  A .  

S c h m i d t .  Vol. 5, pp . 117-124.
C e m e n t; T h e  P h y s ic a l and  C h e m ica l P ro p erties of P o rtla n d — .

B y  W . C. R e i b l i n g  a n d  F. D . R e y e s . Vol. 5. pp . 91-116.
C em en t; T h e  U se of th e  H ig h e r P h en o ls in  T e s tin g  fo r Free L im e  

in  P o r tla n d — . B y  H a r r y  F .  H a d l e y  a n d  D a v i d  F .  M c F a r l a n d .  

Vol. 5, pp . 83-90.
C h e m ic a l I n d u s tr y ;  T h e  R e la tio n  of th e — • to  th e  A n n u a l F ire  

Loss of th e  U n ite d  S tates. By J .  A l b e r t  R o b i n s o n .  V o l .  24, pp . 
143-179.

C o al; Our A n th r a c ite —  S u p p ly  an d  its  C o n servatio n . B y W i l l i a m  

G r i f f i t h  a n d  E l i  T. C o n n e r .  Vol. 24, pp. 79-113.
C o al; E rrors In th e  D e te rm in a tio n  of M o istu re  in — . B y W . F .

H i l i . e b r a n d  a n d  W .  I . .  B a d g e r . Vol. 10, p p .  1 8 7 -1 9 4 .

C o a l; T h e  In flu e n ce  of th e  S ize  of th e  G rain s in  th e  A n a ly s is  of— .
B y P . N i c o l a r d o t . Vol. 10, pp . 203-206. (F rench.)

C o al; In flu e n ce s  o f T em p era tu re  on  th e  D e te rm in a tio n  of V o la t ile  
M a tte r  in — . B y  A .  C. F i e l d n e r  a n d  A .  E. H a l l .  Vol. 10. p p .  1 3 9 -  
1 52 .

C o als; I n v e s t ig a t io n  R e la t iv e  to  th e  B e tte r  U t iliz a t io n  of N on- 
c o k in g  L o w -grad e  L lg n lt ic — . B y  E . J . B a b c o c k .  V o l .  10, p p .  

41-52.
C o a l; T h e O x id a tio n  an d  D e te rio ra tio n  of— . B y A l v i n  J .  C o x .

Vol. 10. pp . 109-128.
C o al W a s h in g  E ffic ie n cy . B y  G.- R .  D e l a m a t e r .  V o l .  10 , p p .  1 2 9 -  

137.
C o ke; N e u tra l— . B y J .  R .  C a m p b e l l .  Vol. 10 , p p .  73-89.
Coke O ven ; T h e  B eeh iv e—  In d u s try  In th e  U n ite d  S tates. B y  

A . W .  B e l d e n .  V o l.  10 , p p .  5 3 - 6 2 .

C o lo rin g ; T h e  P o w er o f Iro n  Co m pou n d s in  B u rn ed  C la y — ; B y 
C h a r l e s  F. B em is a n d  C. H . M a k e l e y .  Vol. 5, pp . 7-16.

C o rro sive; A  M eth o d  fo r T e s t in g  th e  M u tu a l—  E ffect in  M eta ls . 
B y  H u g o  H .  H a n s o n  a n d  W a r r f . n  K .  L e w i s .  V o l .  2 1 , p p .  4 3 - 5 1 .  •

Corrosion : M il l  Scale  as a  Cause of th e  P it t in g  of S teel P ip es. B y  

G e o r g e  C. W h i p p l e  a n d  M e l v i l l e  C. W h i p p l e .  Vol: 21, pp . 155-183. 
C o rro sio n ; Can P a in ts  A cce le ra te — 7 B y  E r i k  L i e b r e i c i i .  Vol.

12, pp . 143-154. (G erm an.)
C o tton -seed; F a c to r y  M eth o d  fo r th e  D e te rm in a tio n  of T o ta l F a tty  

A c id s  in —  F oots. B y F .  N .  S m a l l e y .  Vol. 11, pp . 27-29. 
C o tton -seed; I n v e s t ig a t io n  of th e  M eth o d s fo r th e  D e te rm in a tio n  

of T o ta l F a t ty  A cid s  in —  Foods. B y F r a n k  N .  S m a l l e y .  Vol. 
11, pp . 31-35.

D e n sim e ter ; Im p ro ved — . I l y  W a l t e r  O .  S n e l l i n g .  V o l .  4, pp. 
105-116.

D e s tr u c tiv e  D is t i l la t io n ;  T h e  R e la t iv e  Y ie ld s  O b ta in ed  b y  th e— • 
of D ifle re n t F orm s and  Species of H ardw oods. B y L . F . I-Ia w le y . 
Vol. 6 , pp . 138-146.

D e x trin e s; T h e  E ffect of A c id ity  a n d  T im e  in  th e  R o a s tin g  of— .
B y  H . F .  B a u e r . Vol. 13, pp . 9-19.

D y e s; R a p id  T e s tin g  of—  a n d  P ig m e n ts . B y  W i l d e r  D .  B a n c r o f t ,  

A r t h u r  S .  E l s e n b a s t  a n d  G e o r g e  E .  G r a n t .  Vor. 20. pp . 91-99. 
E le c tr ic  F u r n a c e s ; T h e  P resen t S ta tu s  of th e  D e v e lo p m e n t of 

Large— . B y  R u d o l f  T a u s s i g .  Vol. 21, pp . 105-115. ( G e r m a n .)  

E lectro -A n a ly s is  of Copper, A n tim o n y , B is m u th  a n d  T in  w it h  
A cid ifie d  C h lo rid  E lectrod es. B y  E u g e n e  P. S c h o c h  a n d  D e n t o n  

J .  B r o w n .  Vol. 21, pp . 81-91.
E m u ls if lc a t io n ; P rev e n tio n  of—  In E x tra c tio n s  b y  Im m is c ib le  

S o lv e n ts . B y  G .  H . M e e k e r .  Vol. 17, pp . 45-49.
E sse n tia l O ils; T h e  O xid a tio n  A ssay  of— . B y  F r a n c i s  D .  D o d g e .  

Vol. 6 . pp. 86-92.
F e rm e n ta tio n ; R ecen t Progress In th e  S tu d y  o f Y e a s ts  a n d — .

B y  F r a n c i s  W y a t t , E m i l  S c h l i c i i t i n g  a n d  H . W i n t h e r . Vol. 14, 
pp . 253-275.

F ilte r ;  T h e  M a te ria ls  U sed In th e  M a n u fa c tu re  of—  M ass. B y
C a r l  A .  N o w a k . Vol. 14, pp . 117-136.

F ire  B r ic k s ;  T h e  M e ltin g  P o in ts  of— . B y C. W .  K a n o i . t .  Vol. 
22, pp. 171-186.

F u e ls ;  A  N ew  C o k in g  T e st fo r— . B y R .  L e s s i n g .  Vol. 10. pp . 195- 
198.

F u e ls ; D ry  F u sio n  of—  w it h  A lk a lie s  a n d  S u b seq u en t O xid atio n  
w it h  B ro m ln . B y  I r v i n g  C. A l l e n  a n d  T. W .  R o b e r t s o n .  Vol. 
10, pp. 25-31.

F u e l;  T h e —  E ffic ie n cy  of th e  C u p o la. B y  J o h n  J b r m a i n  P o r t e r .

Vol. 3, pp . 135-145.
F u rn a ce ; D e v e lo p m e n t of th e  R e v erb erato ry —  fo r S m e lt in g  Copper 

Ores. B y  E. P .  M a t h e w s o n .  Vol. 3, pp . 113-134. 
f u r n a c e ;  S tu d y  of a S m a ll C a rb o ru n d u m — . B y  W i l d e r  D .  B a n 

c r o f t ,  L .  V. W a l k e r  a n d  C . F .  M i l l e r .  Vol. 21. pp. 19-33.
G as; T h e  B u rk h e ise r  W et S u lfu re tte d  H yd ro g en , C yan o gen  and  

A m m o n ia  P u r ify in g  a n d  R e co v e ry  Process fo r  C o al— . B y  

K a r l  B u r k h e i s e r .  Vol. 10, pp . 63-72.
G a s ; T h e  C o n tin u o u s P u rif ic a tio n  o f C o al—  w it h  W eak  A m m o n ia  

L iq u o r. B y J .  G .  O ’N e i l l .  Vol. 10, pp . 207-213.
G lu co se; C o m p o sitio n  of C o m m ercia l— . B y  A r t h u r  I’ . B r y a n t .  

Vol. 13. pp . 47-50.
H y d ro c a rb o n s; T h e S y n th e sis  of—  a t  H ig h  T em p era tu res and  P res

sures. B y  J .  N .  P r i n c  a n d  D .  M . F a i r l i e .  Vol. 21, pp . 65-80. 
In d u str ie s ; T h e  C h e m ic a l—  of C an ada. B y  J .  W a t s o n  B a i n .  Vol. 

24, pp . 7—14.
I n v e r t  S u g a r; A n  E le c tr o ly t ic  A p p a ra tu s  fo r Use in —  D e te rm in a 

tio n s . B y  B .  B .  R o s s .  V o l .  8, pp . 75-77.
I n v e r t  S u g a r; E xp an d ed  M eis e l-H llle r  T a b le  fo r— . B y E . W .  R i c e .  

Vol. 8 , pp . 47-51.
L ea d ; In d u s tr ia l—  P o is o n in g . B y  W .  G .  G i l m a n  T h o m p s o n .  V o l .  

16. pp . 49-56.
L ig n ite s ;  T h e  B r iq u e t tin g  of A m e ric a n — . B y  C h a r l e s  L .  W r i g h t .

Vol. 10. pp. 317-334.
L in seed  O il;  T h e D eco m p o sitio n  of—  D u rin g  D r y in g . By J .  c.

O l s e n  a n d  A .  E . R a t n e r . Vol. 12, pp . 165-173.
L u b r ic a tin g  O ils; A p p a ra tu s  fo r th e  E x a m in a tio n  and  S tu d y  of 

th e  B e h a v io r  of V a lv e  a n d  C y lin d e r O ils an d  o th er P e tro le u m —  
in  S atu rated  a n d  Su p erh eated  S team , Carbon D io x id , A ir  and  
o th er G ases. B y P . II . C o n r a d s o n .  Vol. 1, pp . 124-129. 

L u b r ic a t in g  O ils ; A p p aratu s  a n d  M eth o d  fo r Carbon T e st and  
A sh  R esid u e In P e tro le u m — . B y P . H . C o n r a d s o n .  Vol. 1, pp . 
131-132.

L u b r ic a t in g  O ils; A p p aratu s  a n d  M eth o d  fo r S u lfu r  D e te rm in a tio n  
In P e tro le u m , I l lu m in a t in g  a n d — . B y  P .  H . C o n r a d s o n .  V o l .  

1. pp . 133-136.
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M e ta llu r g ic a l;  C h e m istry  o f th e—  R e d u c tio n  Processes In U se a t 
A n a co n d a , M o n ta n a . B y F r e d e r i c k  I . a i s t .  Vol. 3, pp . 97-110. 

M e ta llu r g ic a l;  N otes on —  B a g  F iltr a t io n  P la n ts . By A .  E i l e r s .  

Vol. 3. pp . 41-77.
M o la s se s ; T h e  D e te rm in a tio n  of W ater In— . B y  C h a r l e s  C . R o b e r t s .  

Vol. 8, pp . 53-57.
N itra te  of Soda; T h e—  I n d u s tr y  In C h ile . B y  B e l i s a r i s  D i a z  

O s s a .  Vol. 2, pp. 187-204. (French.)
N itro g ly c e r in e ; P rep a ra tio n , C r y s ta llin e  S tru ctu re  a n d  P h y s ic a l 

P ro p erties of th e  T w o  F orm s o f — . B y H a r o l d  H i b b e r t .  Vol. 
4 ,  p p .  3 7 —5 7 .

N itro g ly c e r in e  ¡S ep a ratio n  of— fro m  N itr o s u b s titu tio n  Compounds^ 
B y A, L. H y d e . Vol. 4, pp . 69-76.

N u tr it io n ; Progress R ep o rt of—  I n v e s tig a tio n s  In th e  U n ite d  
S tates. B y  C. F . L a n g w o r t h y .  Vol. 18, pp. 149-228.

O il;  C o al T a r  L ig h t—  In th e  U n ite d  S tate s: T h e  M a n u fa c tu re , 
N atu re  a n d  U ses of P ro d u cts  D e rive d  th erefro m . B y J o h n  M o rr is  
W eiss . Vol. 10, pp . 287-301.

O ils; A  C o m p arison  of th e  E n g le r  and  S a y b o lt V isc o s itie s  of M ixed —  
B y T. T . G ra y . Vol. 10, pp . 153-158.

O ils; E x p e r im e n ta l D a ta  on  th e  " C o ld  T e s t”  of— . B y  A r t h u r  

L o w e n s t e i n  a n d  L o u is  I I o e l i o .  Vol. 11, pp . 17-26.
O il; U n ifo rm —  In s p e ctio n  fro m  a L e g a l P o in t  of V ie w . B y C. D.

C h a m b e r l i n . Vol. 10, pp . 91-101.
P a in t ;  C o halt— D riers. B y  V. F .  K r a u s s .  Vol. 12 , pp . 127-131. 
P a in t  O ils ; T h e  R a rer— . B y H e n r y  A .  G a r d n e r .  Vol. 12, 33-10. 
P a p er; A n a ly s is  of—  (Q u a n tity  o f F ib ers). B y B. S e t l i k .  Vol.

13, pp . 251-260. (French.)
P a te n t;  T h e  R esea rch  C o rp o ratio n , A n  E x p e rim en t In P u b lic  

A d m in is tr a tio n  of—  R ig h ts . B y F . G . C o t t r e l l .  Vol. 24, pp . 
59-69.

P e a t;  T h e  P ro d u c tio n  a n d  U t iliz a t io n  of—  fo r P o w er P u rp oses.
B y B. F . H aa n el . Vol. 10, pp . 159-185.

P e tro le u m ; M eth o d  fo r th e  D e te rm in a tio n  of W ater In—  a n d  Its 
P ro d u cts. B y  I r v i n g  C , A l l e n  a n d  W a l t e r  A .  J a c o b s .  V o l .  10 , 

p p .  1 7 -2 3 .

P h o to c h e m is try ;  A  R e v ie w  of th e  Progress In—  s in ce  th e  la st I n 
te rn a tio n a l C ongress. B y G e o r g e  W . H e i s e  a n d  J . H o w a r d  
M a t h e w s .  V o l .  2 0 , p p .  1 8 1 -1 8 7 .

P ig  Iro n ; M eth o d s of th e  U n ite d  S tates S te e l C o rp oration s fo r th e  
C o m m ercia l S a m p lin g  a n d  A n a ly s is  of— . B y T h e  C h e m i s t s ’ C o m 

m i t t e e  o p  t h e  U n i t e d  S t a t e s  S t e e l  C o r p o r a t i o n .  V o l .  1, pp . 91-122. 
P ln e n e ; T w o  N ew  Sources of— . B y M. V e z e s .  V o l .  12, pp . 211-218. 

(French.)
P o ta sh ; A lu n lte  as a  Source of— . B y  W .  H .  W a g c a m a n .  V o l .  15, 

p p .  3 7 5 - 3 7 9 .

P o ta sh ; T h e  E x tr a c tio n  of—  fro m  S ilic a te  R o ck s . B y  W i l l i a m  

H . R o ss . Vol. 15, pp. 217-229.
P o ta sh ; T h e  P ro d u ctio n  of A v a ila b le —  fro m  th e  N a tu ra l S ilic a te s .

B y  G e o r g e  W . C o g g e s h a l l  a n d  A l l e r t o n  S. C u s h m a n . Vol. 5, 
p p .  3 3 —19.

P o ta s s iu m ; T h e  S a lin es  of th e  U n ite d  States as a Source of—  S a lts .
B y  J .  W . T u r r e n t i n e . Vol. 15, pp . 319-332,

P o ta s s iu m ; A  S tu d y  of S o il— . B y B. E . C u r r y  a n d  T . O . S m i t h .

Vol. 15, pp . 51-71.
P ressu re; A  N ew  M eth o d  of M e a su rin g  th e—  of Co rrosive Gases 

a t  C o n sta n t V o lu m e . B y G e o r g e  S. F o r b e s  a n d  L e s l i e  B. C o o m b s .  

Vol. 22, pp . 79-85.
R e fr a c to m e try . B y H e r m a n n  C. L y t h g o e .  Vol. 1. pp . 295-331. 
R esin o u s W ood; D is t i l la t io n  of—  b y  S atu ra ted  S team . B y L .  F.

H a w l e y  a n d  R .  C. P a l m e r . Vol. 13, p p .  1 5 1 -1 7 6 .

R o a s tin g ; T h e  D w ig h t  a n d  L lo y d  Process of—  a n d  S in te r in g .
B y  A r t h u r  S. D w i g h t . Vol. 3 , p p .  3 1 - 4 0 .

R u b b e r ; A  D ir e c t  D e te rm in a tio n  of— . A p p lic a b le  to  S p ecifica
t io n s  on V u lc a n iz e d  R u b b er G oods. B y C. R . B oggs. Vol. 9, 
4 5 - 5 8 .

R u b b er; A n  I n v e s t ig a t io n  in to  th e  C h e m istry , N atu re  a n d  P rop er
ties of H evea  L a te x . B y  C l a y t o n  B e a d l e  a n d  H e n r y  P .  S t e v e n s .  

Vol. 9, pp . 17-43.
S h ellac  A n a ly s is  a n d 'th e  D e te ctio n  of S m a ll A m o u n t of C o lop h on y 

In S h ellac . B y E d w in  F . H i c k s .  Vol. 12, pp . 115-121.
S h ella cs ; T e sts  a n d  C r itiq u e  o f th e  M c llh ln e y  M eth o d  fo r  th e  

A n a ly s is  of— . B y  G .  B o c h a n d  a n d  P .  G i l l e t .  Vol. 12, p p .  7 - 1 2 .  
(French.)

Soaps; H e a v y  M e ta l— , F o rm a tio n  an d  S o lu b ility  in  S p ir its  of 
T u rp e n tin e , L in seed  O il a n d  P e tro le u m  O ils. B y  I r v i n g  W .  F a y  

a n d  S. G. H a m i l t o n .  Vol. 11, pp . 7-11.

S p e lte r; A  N ew  T e c h n ic a l M eth o d  of—  A n a ly s is . B y  E r i c  J o h n  

E r i c s o n .  V o l. 1 . pp . 1 8 3 -1 8 6 .

Sp on tan eou s C o m b u stio n ; T h e—  of C o al. B y  H o r a c e  C .  P o r t e r  

a n d  F .  K .  O v i t z .  V o l. 10 , pp . 2 5 1 - 2 6 7 .

S ta rch ; T h e  C h e m istry  of— . B y G .  B. F r a n j c f o r t e r .  Vol. 1 3 , pp. 
1 3 3 -1 4 5 .

S ta rch ; R esearch  on L ln tn e r ’s P o la r im e tr ic  M eth o d  fo r th e  D e
te r m in a tio n  of— . B y  C h r i s t i a n  E. G . P o r s t  a n d  H a r r y  A .  C r o w n .  

V o l.  13 , pp. 2 1 3 - 2 1 8 .

S tarch es; A  S tu d y  of som e o f th e  P h y s ic a l P ro p erties of— . B y  

H a m b d e n  B u e l .  V o l. 13 , p p .  6 3 - 7 6 .

S te e l; T h e  D e te rm in a tio n  of O x y g en  in  Iro n  a n d —  b y  R e d u c tio n  
in  an  E le c tr ic  V a c u u m  F u rn ace . B y  W m . H .  W a l k e r  a n d  W a l t e r  

A .  P a t r i c k .  Vol. 2 1 . pp. 1 3 9 -1 4 8 .

S te e l; T h e  F u n c tio n  of S la g  In E le c tr ic — R e fin in g . B y  R i c h a r d  

A m b e r g .  V o l. 2 1 , pp. 7 - 1 8 .

S t i l l ;  A n  E le c tr ic —  A d ap ted  fo r D if f ic u lt  D is t illa t io n s . B y  I r v i n g

C . A l l e n . Vol. 6 , pp. 1 5 - 3 6 .

S u g a r; A c tio n  of D is in fe c ta n ts  on—  S o lu tio n s. B y G e o r g e  P .

M e a d e . Vol. 8 , pp. 3 3 —15.

S u g a r ; O b jectio n a b le  N itro g e n o u s Co m pou n d s In—  Cane Ju ice s.
B y F r i t z  Z e r b a n . V o l.  8 , pp . 1 0 3 -1 1 1 .

S u lfu r ;  A n  E x a ct M eth o d  fo r  th e  D e te rm in a tio n  of—  in  P y r ite s  
Ores. B y  W a l t e r  S .  A l l e n  a n d  H o w a r d  B .  B i s h o p .  Vol. 1, pp . 
3 3 - 5 1 .

S u lfu r ic  A c id ; C o n ta ct—  fro m  B rim sto n e . B y  G .  W .  P a t t e r s o n  

a n d  L .  B .  C h e n e y .  V o l. 2 , pp. 2 1 5 - 2 2 0 .

S u lfu ro u s  A c id  in  W in e -M a k in g  a n d  its  E S e c ts . B y  F r e d e r i c  

T. B i o l e t t i .  Vol. 1 4 , pp . 3 1 - 5 9 .

T a r  D is t i l la t io n  In th e  U n ite d  States. B y R . P .  P e r r y .  Vol. 10, 
pp. 2 3 3 - 2 4 9 .

T em p e ra tu re; T h e  P resen t S ta tu s  of th e —  S cale . B y  G e o r g e  K .
B u r g e s s . Vol. 2 2 , pp. 5 3 - 6 3 .

T erp en e; S yn th eses In th e —  G roup . B y  W i l l i a m  H e n r y  P e r k i n ,  

J r .  Vol. 6 , pp. 2 2 4 - 2 6 4 .

T e x tile s ;  A c tio n  of F o rm a ld e h y d e  u p o n  A r t if ic ia l  S ilk s , th e  C e llu 
loses a n d  th e  A m ld o n s . B y  F r a n c i s  J .  G .  B e l t z e r .  V o l. 7 , pp. 
7 - 2 1 .  ( F r e n c h . )

T u rp e n tin e s; W ood— ; T h e ir  A n a ly s is , R e fin in g , C o m p o sitio n  a n d  
P ro p erties . B y L. F . H a w l e y .  V o l .  12 , pp. 4 1 - 1 0 0 .

V a rn ish ; T h e  T e c h n o lo g y  of—  M a n u fa c tu re  w it h  N otes on a n  I m 
p ro ved  S c ie n tific  P rocess. B y  J .  C r u i k s h a n k  S m i t h  a n d  G a s t o n  

d e  P i e r r e s .  Vol. 12, pp. 1 8 5 -1 9 4 .

W ood P r e s e r v a tiv e s ; T e sts  to  D e te rm in e  th e  C o m m ercia l V a lu e  
of— . B y  H o w a r d  F . W e i s s .  Vol. 13 , p p . 2 7 9 - 3 0 0 .

NEW BOOKS.

A n a ly s is ;  T h e  I g n it io n  o f P r e c ip ita te s  w ith o u t  th e  Use o f th e  
B la s t  L a m p . B y P e r c y  H .  W a l k e r  a n d  J . B . W i l s o n .  8 ^ o .,  8 pp. 
U . S .  D ept, of A gricu ltu re, B ureau  of C hem istry, C ircular 1 01 .

A n a ly s is ;  M eth o d s in  C h e m ic a l— . B y  F r a n k  A u s t i n  G o o c h .  8 v o .

5 3 6  pp . Price , $ 4 .0 0 .  Jo h n  W iley & Sons, New Y ork.
A n a ly s is  of th e  R are  E arth s  a n d  th e ir  A c id s . B y  R .  J .  M e y e r  a n d  

O .  H a u s e r .  8 v o . ,  3 2 0  pp. Price, $ 2 .5 0 .  Ferd in an d  E nke , S tu t tg a r t  
(G erm an.)

A n a ly s is  o f W in e  b y  P h y s ic o -c h e m ic a l V o lu m e tr ic  M eth o d s.
P . D u t o i t a n d M .  D u b o u x .  8 v o . ,  F. Rouge & Co., L ausanne. (F rench.) 

A rs en ic ; A n a ly t ic a l  C h e m istry  of— . B y A .  R u e d i s u e l e .  L. 8 v o .

Price, $ 1 .7 5 .  B erne, 1 9 1 2 . (G erm an.)
B o ile rs ;  T r a n sm iss io n  of H eat in to  S team — . B y H e n r y  K r e i s i n g e r  

a n d  W a l t e r  T . R a y .  8 v o . ,  1 8 0  pp. U . S. B ureau  of Mines, B ulle tin  18. 

C e llu lo id . (T ransla ted  f ro m  th e  F rench .) B y  M a s s e l o n ,  R o b e r t s  
a n d  C i l l a r d .  8 v o . ,  5 5 0  pp. Price , $ 6 .0 0 .  U nion D eutsche Verlags- 
gesellschaft, Berlin.

C e llu lo se ; R esearch es on— ; m ;  1905-1910. B y  C r o s s  a n d  B e v a n .

8vo ., 173 pp . Price, $ 2 .5 0 .  Longm ans, G reen & Co., New Y ork. 
C h e m is try ; E le m e n ta ry  A p p lie d — . B y L e w i s  B. A l l y n .  8 v o .

Price, $ 0 .6 0 .  G inn 8c Co., New Y ork.
C h e m is try ;  T re a tise  o f In o rg a n ic  a n d  O rgan ic— . B y G. F r e r i c h s .

L. 8 v o . ,  4 8 0  pp. Price , $ 2 .5 0 .  F . E nke , S tu t tg a r t.  (G erm an.)
C o llo id  C h e m istry . B y R . Z s i g m o n d y .  8 v o .  Price, $ 3 .7 5 .  O tto  

Spam er, Leipzig. (G erm an.)
C opper; H y d ro m e ta llu rg y  of— . B y  W i l l i a m  E. G r e e n a w a l t .  8 v o . ,  

5 0 0  pp. Price , $ 5 .0 0 .  M cGraw H ill Book Co., New Y ork.
E fflu e n ts ; T r e a tm e n t of—  fro m  D yeh o u ses a n d  T e x t ile  F a cto r ie s . 

B y J .  H .  G a r n e r .  4to ., 26 . pp . Price , $ 0 .7 5 . Society of D yers and  
C olourists, B radford .
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E le c tro te c h n ic a l M ea su rem en ts. B y P . B . A. L i n k e r .  8vo., 527 pp.
Ju liu s  Springer, Berlin. (G erm an.)

E n g in e s ; G as a n d  O il— . B y A. K i r s c h k e .  Cr. 8vo., 168 pp. Price* 
$0.75. S co tt, G reenwood & Co., London.

E s s e n tia l O ils ; S c ie n tific  and  I n d u s tr ia l B u lle t in , R o u re  B ertra n d  
F ils . Scries 3, No. 5. 8vo., 160 pp . R oure  B ertra n d  Fils, New Y ork ..

E x p lo s iv e s ;  T h e  E ffe ct of H e m m in g  on th e  E ffic ie n cy  of— . B y 
W a l t e r  O. S n e l l i n g  a n d  C l a r e n c e  I - I a l l .  8vo., 20 pp . U . S .  B ureau  
of M ines, Technical P a p e r  17.

E x p lo siv e s, H ig h — . B y W . R .  Q u i n a n .  8 v o . ,  210 pp. Price, $5.25.
C ritch ley  P a rk e r, M elbourne.

E x p lo s iv e s ; M a g a zin e s  an d  T h a w  H ouses for— . B y  C l a r e n c e  

H a l l  a n d  S p e n c e r  P. H o w e l l .  8vo., 34 pp . U. S .  B ureau  of Mines, 
T echnical P ap e r 18.

F e u e r u n g s te c h n ik . N ew  J o u rn a l. E d ito r, W . H a s s e n s t e i n .  Sem i
m o n th ly . P rice, $4.00. O tto  Spam er, Leipzig.

F ood s; T h e ir  O rig in , C o m p o sitio n  and  M a n u fa c tu re . B y W i l l i a m  

T i b b l e s .  8 v o . ,  950 pp . Price, $4.50. Ballifcre, T indall & Co., London. 
I n d u s tr ia l C h e m istry . B y A l l e n  R o g e r s  a n d  A l f r e d  B. A u b e r t .

8vo., 872 pp . Price, $5.00. D . V an N o stran d  Co., New Y ork. 
I n o rg a n ic  C h e m istry . B y H a m i l t o n  P e r k i n s  C a d y .  8vo., 606 pp .

Price, $2.50. M cGraw-Hill B ook Co., New Y ork.
I n o r g a n ic ;  A  L a b o ra to ry  M a n u a l of—  C h e m istry . B y J o h n  B .

E k e l e y .  8 v o . ,  128 pp. Price, $1.00. Jo h n  W iley & Sons, New Y ork . 
I r o n ; M e ta llo g r a p h y  of—  a n d  S teel. B y A l b e r t  S a u v e u r .  8 v o . ,  

400 pp. Price, $6.00. M cGraw-Hill B ook Co., New Y ork.
I r o n ;  S a m p lin g  a n d  A n a ly s is  of—  a n d  S teel. B y  O. B a u e r  a n d

E . D e i s s . 8vo., 258 pp . Price , $2.25. Ju liu s  Springer, Berlin. (Ger
m an .)

L u b r ic a tio n  a n d  L u b ric a n ts . B y  L .  A r c h b u t t  a n d  R .  M . D e e l e y .

8vo., 636 pp . Price, $6.25. C. Griffin, London.
M e ta b o lis m ; T h e  P h y s io lo g y  o f P ro te in — . B y  E . P .  C a t i i c a r t .

8vo., 142 pp . Price, $1.25. Longm ans, G reen & C o . ,  New Y ork. 
M e ta llu r g ic a l;  A  T e x t-B o o k  o f R a n d —  P r a c tic e . B y R .  S t o k e s ,  

J .  E . T h o m a s ,  el al. 8vo., 468 pp . Price, $5.25. C . Griffin, London. 
M in e r a l In d u s tr y , 1911, V o l. 20. B y C h a r l e s  Op. L. 8vo., 1000 p p .

Price , $10.00. M cGraw-Hill B ook Co., New Y ork.
M in e r a l;  N otes on—  W aste. B y  C h a r l e s  L .  P a r s o n s .  8 v o .  U. S .

B ureau  of M ines, B ulle tin  47.
M icro sco p e; T h e—  a n d  its  U se. B y  H .  H a g e r  a n d  C. M e z .  8 v o .

l l t h  E d . Price, $2.50. Ju liu s  Springer, B erlin .
O rg a n ic; T h e  P r in c ip le s  of—  C h e m istry . B y  J a m e s  F . N o r r i s .

8vo., 566 pp . Price, $2.50. M cGraw-Hill Book Co., New Y ork.
P a in ts ;  P rep ara tio n  of Uses of W h ite  Z in c— . B y  P .  F l e u r y .  C r .

8vo., 278 p p . . Price, $1.50. S co tt, G reenwood 8c Co., London. 
P er-acid s a n d  th e ir  S a lts . B y T . S l a t e r  P r i c e .  8 v o m 123 pp. P rice , 

$1.00. Longm ans, G reen & Co., New Y ork.
R e sin s  u sed  fo r E m b a lm in g . B y  A .  T s c h i r c h .  Archie der P hannazie , 

Vol. 250, 1912, No. 3, pp . 170-185.
S u g a r; T h e  C r y s t a ll iz a t io n 1 of—  in  P r a c tic e . B y  H .  C l a a s s e n .

Z eitschrift fuer angcwandte Chemie, Vol. 25, 1912, No. 19, pp. 930-935. 
S u g a r; A  H an d b o o k  of—  A n a ly s is . B y  C. A .  B r o w n e .  8 v o . ,  977 p p .

Price , $6.00. Jo h n  W iley & Sons, New Y ork.
S u g a r; P r a c t ic a l a n d  T h e o re tic a l T re a tise  on  B eet—  M a n u fa c tu re . 

B y P . H o r s i n - D e o n .  3rd  E d . 8 v o . ,  129 2  p p .  Price, $ 6 .0 0 . Paris . 
(F rench.)

T e c h n o lo g y ; L ectu res on  C h e m ic a l— . B y H . W i c h e l h a u s .  3rd  E d .
8vo., 880 pp . Price, $5.50. T heodor S teinkopff, D resden. (G erm an.) 

W ood P u lp ;  T e s t in g  of— . B y  R .  W . S i n d a l l  a n d  W . N .  B a c o n .

8vo., 146 pp . Price, $1.25. M archan t S inger & Co., London.
W o rk s; C h e m ic a l— : T h e ir  D e sig n , E re ctio n  a n d  E q u ip m e n t. 

B y  S. S. D y s o n  a n d  S. S. C l a r k s o n .  8 v o . ,  207 pp . Price, $5.25. 
S co tt, Greenwood & Son, London.

RECENT JOURNAL ARTICLES.
A llo y s  b y  S u p erp o sitio n . B y  H e n r y  l e  C h a t e l i e r .  Proceedings 

of the In terna tiona l Association for Testing  M aterials, Vol. 2, 1912, No. 8,
pp . 1-8.

A n a ly s is ;  B u rn e r fo r—  M ad e o f P o rce la in . B y  E r n s t  B e c k m a n n .  

Zeitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 30, pp . 1515-1518.

C arbon ; D e te rm in a tio n  of—  b y  W e t M eth o d s. B y  H .  S i m o n i s  a n d  

F .  H .  T h i e s .  Chemiker Zeitung, Vol. 36, 1912, N o. 97, pp . 917-918.
D r y  C e ll;  T h e  M odern — , Its  D e v e lo p m e n t, C o n stru ctio n  a n d  

M a n u fa c tu re . B y  H .  K .  R i c h a r d s o n .  M etallurgical and Cluimical 
Engineering, Vol. 10, 1912, No. 9, pp . 531-533.

E le c tr ic  F u rn a c e ; A n  E ffic ie n t—  fo r H ig h  T em p era tu res . B y  D ,

F . C a l h a n e  a n d  E. E. Z a r d . M etallurgical and Chemical Engineering, 
Vol. 10, 1912, No. 8, pp . 461-463.

E le c tro ly s is  fro m  S tra y  E le c tr ic  C u rren ts. B y  A l b e r t  F . G a n z .

Am erican Gas L ig h t Journa l, Vol. 97, 1912, No. 9, pp. 129-133.
G as; B la s t  F u rn aces as—  P ro d u cers. B y  S .  L .  G o o d a l e .  In d u str ia l 

World, Vol. 46, 1912, No. 35, pp . 1035-1036.
G as; E ffic ie n cy  of—  Com pressors. B y  P . F . W a l k e r .  Progressive 

Age, Vol. 30, 1912, No. 18, pp . 789-793.
Iro n ; M eth o d  for th e  R a p id  D e te rm in a tio n  of T o ta l Carbon in —  

S teel, C ast Iro n  and  in  th e  Iro n  A llo y s . B y  H .  d e  N a l l y .  Pro
ceedings of the In ternational Association for Testing  M aterials, Vol. 2, 
1912, No. 8, pp . 1-9.

Iro n ; M o d ificatio n s of—  b e lo w  700°. B y  F e l i x  R o b i n .  Proceed
ings of the In ternational Association for T esting  M aterials, Vol. 2, 1912, 
No. 8, pp . 1-11.

Iro n ; R a p id  an d  A c c u ra te  D e te rm in a tio n  of T races of—  in  Cane 
a n d  B eet S u gar F a c to r y  an d  R e fin e ry  P ro d u cts . B y  J .  J . E a s t i c k ,  

J .  P . O g i l v i e  a n d  J . H .  L i n d f i e l d .  In terna tiona l Sugar Journal, Vol. 
14, 1912, No. 164, pp . 428-435.

Iro n s; A  S u g g ested  S y ste m  of T e s t  B ars fo r C h illa b le — . T h o m a s

D .  W e s t .  Industria l W orld, Vol. 46, 1912, No. 37, pp . 1090-1092. 
K a o lin  or C h in a  C lay . A n o n y m o u s .  Paper, Vol. 8, 1912, Nos. 9 and  

10, pp . 15-17 an d  15-16.
O il; M eth o d s of—  A n a ly s is . B y  C h a r l e s  E a c h u s .  Journa l of 

the A m erican Leather Chem ists Association, Vol. 7, 1912, No. 9, pp . 
452-457.

O x y ce llu lo se . B y  J .  M e r r i t t  M a t t h e w s .  Textile  A m erican, Vol. 18, 
1912, No. 1, pp . 22-23.

P e a t B r iq u e ttin g . B y  G .  J .  M a s h e k .  Journa l of the A m erican P ea t  
Society, Vol. 5, 1912, No. 1, pp . 10-17.

P o ta sh ; E x tra c tio n  of—  fr o m  S ilic a te  R o c k s . B y  W i l l i a m  H .  R oss.
Am erican F ertilizer , Vol. 37, 1912, No. 4, pp . 44-49.

P y r o m e try ;  P r a c t ic a l—  In th e  Iro n  a n d  S teel In d u strie s . B y  

S .  H .  S t u p a k o f f .  Proceedings of the Engineers’ Society  of W estern  
Pennsylvania, Vol. 28, 1912, No. 6, pp . 499-567.

R e to r t;  A  Z in c—  w it h  a  Copper B o tto m . B y F . L e  C l e r c .  M eta l
lurgical and Chemical Engineering, Vol. 10, 1912, No. 8, pp . 463-467. 

R u b b e r ; T h e o ry  of th e  V u lc a n iz a t io n  o f— . B y H e i n r i c h  L o e w e n .

Z eitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 31, pp . 1553-1560. 
S m o ke; C oal—  a n d  Its P r a c t ic a l A b a te m e n t. B y  J .  M . S e a r l e .  

Proceedings of the Engineers’ Society of W estern Pennsylvania , Vol. 28, 
1912, No. 6, pp . 459-498.

Soya B e a n  O il a n d  Its M o st E ffic ie n t D riers. B y  H e n r y  A .  G a r d n e r .

P a in t and Varnish  Record, Vol. 5, 1912, No. 9, pp . 24-25.
S te e l; E x o th e rm ic— . B y  W a l t e r  O .  A m s l e r .  M etallurgical and  

Chemical Engineering, Vol. 10, 1912, No. 9, pp . 559—662.
Su crose; D ire c t D e te rm in a tio n  of—  in  P resen ce of R e d u c in g  S u gars. 

B y  W i l l i a m  E. C r o s s  a n d  W .  G .  T a g g a r t .  In ternational Sugar Journal, 
Vol. 14, 1912, No. 164, pp. 444-448.

S u lfite  P u lp ;  T h e  S c ie n tific  M a n u fa c tu re  of— . B y  C h a r l e s  M .

B u l l a r d . Paper, Vol. 8, 1912, No. 13, pp . 15-16.
T a n n in ;  N otes on  th e  U se of—  M a te ria ls  a n d  th e ir  A n a ly s is  fro m  

th e  D y w ’ s S tan d p o in t. B y  G .  E . K n o w l e s .  T extile  Colorist, 
Vol. 34, 1912, No. 404, pp . 210-212.

V a n a d iu m ; T h e  E x tr a c tio n  of—  fro m  C a m o tite  a n d  V an ad ife ro u s 
S an dston e C o n cen trates. B y  S i e g f r i e d  F i s c h e r .  M etallurgica  
and Chemical Engineering, Vol. 10, 1912, No. 8, pp . 469—471.

W ater; H ard —  a n d  W ater S o fte n in g . B y  A r n o l d  V. D a h l b e r g .

A m erican Sugar Industry , Vol. 14, 1912, No. 9, pp . 41-44.
W ater; T h e  P e r m u tit  S y ste m  of—  T r e a tm e n t. B y L .  H .  H a r r i s o n .

Chemical W orld, Vol. 1, 1912, pp . 238-240.
W a te r; P o llu tio n  of S tream s b y  S p en t Gas L iq u o rs . B y  H .  H .  

M a c l e a n .  Chemical Trade Journal, Vol. 51, 1912, No. 1316, pp . 135- 
136.



MARKET REPORT.
AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR MONTH OF SEPTEMBER.

O R G A N IC CH E M ICA LS.

Acetanilid.................................................. . .L b . 20V3 @ 23
Acetone (drums).................................... ,. .Lb. 17 @ 18
Alcohol, grain (188 proof)................... ,. .Gal. 2-55 © 2-57
Alcohol, wood (95 per cent.).............. .. .Gal. 50 @ 52
Alcohol, denatured (180 proof).......... . .Gal. 40 @ 42
A m yl A cetate........................................... . .G a l. 2-75 @ 2-95
Acetic Acid (28 per cent.)................... . . .C. 2 .00 @ 2- 15
Aniline O il............................................... . . .L b . 10 %  @ 1 1 'A
Benzoic A cid ........................................... . . .L b . 23 @ 27
Carbon Tetrachloride (drums)............ . .Lb. u @ 16
Carbon Bisulphide................................. . .L b . 1 4 @ 15
Chloroform............................................... . .Lb. 20 © 3 0
Carbolic Acid (drum s).......................... . .L b . h © 15
Citric Acid (domestic), crystals.......... . .L b . 38‘A  @ 39
Camphor (refined in bulk)................... . .Lb. 4 4 @ —
Dextrine (imported potato)................ . .Lb. 6 @ 7
Dextrine (corn)....................................... . .C. 3.20 @ 3-31
Ether (U. S. P., 1900).......................... . .L b . H © 20
Formaldehyde......................................... . .Lb. 8'A © 9‘A
Glycerine (dynam ite)............................ . .T,b. *7*A @ I8‘A
Oxalic A cid .............................................. . .Lb. 7’A © 8*A
Pyrogallic Acid (bulk).......................... . .Lb. 1 -35 @ 1-45
Salicylic A cid ........................................... . .Lb. 3 1 @ 33
Starch (com )........................................... . ,C. 2-45 © 2.56
Starch (potato)....................................... . .Lb. 5‘A @ 5sA
Tannic Acid (commercial)................... . .Lb. 35 © 3 5 'A
Tartaric Acid crystals........................... . .Lb. 3°‘A @ 3 1

IN O R G A N IC  C H E M IC A L S.

A cetate of Lime (gray)........................ , ..C . 2.50 @ 2.60
A cetate of Lead (brown, broken)__ . ,T,b. 73A © 8
Alum  (lum p)........................................... . .C. 1-75 @ 2 .00
Ammonium Carbonate, dom estic.. .  . . .Lb. 8 © 8'A
Ammonium Chloride, gray .................. . ,T,b. 6 ‘A © 6‘A
Aluminum Sulphate............................... . .C. 90 © I - 75
Aqua Ammonia (drums) 160.............. . . T,b. 2‘A  @ 2‘A
Arsenic, w hite ................. ....................... . .Lb. 4aA © 5
Brimstone (crude, dom estic)............... @ 22.50
Barium Chloride..................................... ..C . 1 .40 @ 1-55
Barium N itrate....................................... . .Lb. 4V< © 5
Borax, crystals (bags)........................... . .Lb. 3 ‘A  @ 4
Boric Acid, crystals (powd.)............... . .Lb. 7 @ 7 A
Bromine, b ulk......................................... . .Lb. 25 @ 3 0
Bleaching Powder (35 per cent.)....... . .C. 1 - 2 5 @ 1 -45
Barytes (prime white, foreign)........... @ 22.50
Blue Vitriol......................................... . .Lb. 5'A © 53A
Calcium Chloride................................ . .C. 65 .© 90
Chalk (light precipitated).................... . .T,b. 4‘A @ 6
China Clay (imported)....................... . .Ton i i  . 5 0 © 18.00
Feldspar.................................................... . .Ton 7.00 @ 9.00
Fuller’s Earth, powdered................... . .C. 80 @ 85
Green Vitriol (bulk).............................. . .C . 55 @ 60
Hydrochloric Acid (18 °)...................... . .C . i -15 @ 1-55
Iodine (resublimed)............................... . .L b . 3- 05 @ 3 .10
Lead N itrate............................................ ..L b . s3A @ 8‘A
Lithium Carbonate................................. ..L b . 65 @ 70
Magnesite (raw )...................................... ..T o n 7-5° @ 8.50
Nitric Acid, 36°...................................... ..L b . 3 7/  s © 4 ‘A
Phosphorus............................................... . .Lb. 35 @ 90
Phosphoric Acid, sp. gr. 1.75............ . .Lb. 22 © 26
Plaster of Paris....................................... . .Bbl. i  50 @ 1 .70
Potassium Brom ide............................... . .L b . 3 i (a) 34
Potassium Permanganate (bulk)..... . .Lb. 98A @ 10
Potassium Cyanide (bulk) 98 -99 % . . . .L b . 19 © 24
Potassium Iodide (bulk)................. . .Lb. 2.60 © 2.65
Potassium Chlorate, crystals........... . .L b . 8‘A © 9‘A
Potassium Nitrate (crude).............. . .Lb. 5 © 5 lA
Potassium Bichromate, 500............ . .Lb. « V . @ 7

Quicksilver, F lask ................................... 42.00 @  43.00
Salt Cake (glass-makers’) ..................... . .C. 55 @ 65
Silver N itrate.......................................... . .Oz. 3 9 7/ s  © 42
Soapstone in bags.................................. . .Ton 10.00 @ 12 .00
Sodium A cetate ...................................... . . T,b. 4 ‘A  @ 5
Sodium Chlorate..................................... . ,T,b. 8‘A  @ 9 ‘A
Sodium Bicarbonate (English)........... . Lb, 2SA @ 3
Sodium Bichrom ate............................... . T,b 5 ‘A ® 5 ‘A
Sodium Hydroxide, 60 per cent......... . .C. i  .60 @ 1.65
Sodium Hyposulfite............................... . .C. 1.30 @ i  .60
Sodium Nitrate, 95 per cent., s p o t... ..C . 2 • 52'A  @ —
Sodium Silicate (liquid)....................... . .c . 65 @ 1.50
Strontium N itrate.................................. Lb. 6V s @ 7 8/«
Sulphur, R o ll........................................... . .c . 1.85 @ 2.15
Sulphur, Flowers (sublimed)............... . .c . 2.20 @ 2.60
Sulphuric Acid, 6o° B ........................... . . c . 85 @ i  .00
T alc (American)..................................... . .Ton 15-00 @ 20.00
Terra A lba (American), No. 1............ . . c . 75 @ 80
Tin Bichloride (50° ) .................................. . .T,b. 13‘A  @ 1 3 ‘A
Tin O xide................................................. . .Lb. 48 @ 50
Zinc Chloride (granulated).................. . .Lb. 4 ‘A  @ 4 ‘A
Zinc Sulphate.......................................... . .T,b. 2‘A  @ 2 ‘A

O ILS, W A X E S , E T C .

Beeswax (pure w hite)........................... . ,T,b. 40 @ 44
Black Mineral Oil, 29 gravity ............. . .Gal. 12 @ 12 >A
Castor Oil (No. 3) ....................................... . .Lb. 9‘A  @ i o ’A
Ceresin (yellow)...................................... . .Lb. 9 @ 15
Corn O il.................................................... . . c . 6.10 @ 6.15
Cottonseed Oil (crude), f. 0. b. m ill.. . .Gal. 3 7 ‘A  @ 38
Cylinder Oil (light, filtered)................ . .Gal. 19‘A  @ 20
Japan W a x ............................................... Lb. i o 'A  © i o ’A
Lard Oil (prime winter)....................... . .Gal. 87 @ 92
Linseed Oil (double-boiled)................. . .Gal. 70 @ 72
Paraffine Oil (high viscosity).............. ..G al. 25 V> @ 26
Paraffine (crude 120 &  122 m. p . ) . . . . .Lb. 3 ‘A  © 3 sA
Rosin Oil (first run).............................. . .Gal. 36 @ 37
Spindle Oil, No. 1.................................. . .Gal. 16 @ i 6‘A
Sperm Oil (bleached winter), 38° ___ . .Gal. . 72 @ 74
Stearic Acid (double-pressed)............. . . T,b. 9 'A  © 10
Tallow (acidless)..................................... . .Gal. 62 • @ 65
T ar Oil (distilled)................................... . .Gal. 30 @ 31

M E T A L S .

Aluminum (No. 1 ingots)..................... . Lb. 2 I lA  @ 2 2‘A
Antim ony (Hallet’s ) .............................. . , Lb. 7 3A  @ 8‘A
Bismuth (New Y o rk )............................ Lb. 2.10 @ 2.15
Copper (electrolytic)............................. Lb. 1 7 - 3 5  © 17 ‘A
Copper (lake)........................................... Lb. 1 7 °/8 © I 7 3A
Lead, N. Y ............................................... T,b. 5.10
N ickel........................................................ . Lb. 50 @ 55
Platinum  (refined)................................. . .Oz. 46.35 @  47.00
Silver......................................................... . .Oz. 63 lA  @ —
T in .............................................................. T,h. 49.20 @ 49.30
Zinc............................................................ T,b. 7 © —

F E R T IL IZ E R  M A T E R IA L S .

Ammonium Sulphate............................ . , c . 3 -3 0  @ —
Fish Scrap, domestic, dried................. 2.45 & 10
Blood, dried............................................. . .U nit 2.75 @ . —
Tankage, high grade.............................. . .U nit 2.60 @  2,.65 &  10
Bone, 4*A  and 50, ground, raw .......... ..T o n  28.00 @ —
Potassium, “ muriate,”  basis 80% __ ..T o n  38.55 @ —  '
Phosphate, acid, 16 per cent............... 6 -7 5  @ 7.00
Phosphate rock; f. 0. b. mine:

Florida land pebble, 68 per cent.. . . .Ton 3 -7 0  @ 3 -8 o

Tennessee, 68-72 per cent............... . .Ton 4-25 @ 4 -5 0
Pyrites, furnace size, imported.......... . .U nit 0. 13‘A  © 0. 13V«
Castor m eal.............................................. nominal
Mowrah m eal................................................Ton 8.50 @ 9.00
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Atomized Metals
 ̂ If requiring metals in a state of 

fine sub-division ranging from 20 
mesh to 200 mesh, as desired, such 
as Zinc, Lead, Solder, Tin, Copper,
Aluminium, Bronze, etc., etc., or 
n o n - m e t a l s ,  similarly reduced, 

write us.

Purification ° f Fluids
 ̂ If requiring the purification of 

and the recovery of the by-prod- 
ucts from such liquids as Water,
Sewage, Sulphite and Soda liquids; 
discharge from Abattoirs, Mills,
Tanneries, etc., etc., write us.
<1 If experiencing any d ifficu lty  in ob
taining a perfect d isplacem ent of liquids 
from  solids, or if  th e  ordinary F ilter  
Press is not giving m axim um  results 
w ith  m inim um  dilution  of th e  liquids, 
w h ich  it is desired to  recover, subm it 
such problem s to  us. Cost of th e  opera
tion , com paratively  speaking, "insig
nificant." We are m aking rem arkable 
“recoveries'” and m ight be of service to  
you .

n e  C h e m ic a l  P r o c e s s  C o m p a n y
170 B R O A D W A Y  % ^  NEW Y O R K ,  U.  S. A.
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SANBORN EVAPORATORS

CATALOGUES UPON REQUEST.

SANBORN EVAPORATOR COMPANY
79 WALL STREET, NEW YORK.

«I SIMPLE—DURABLE—EFFICIENT—READILY CLEANED- 
FEW EST JOINTS IN CONTACT WITH LIQUOR.

q SINGLE AND MULTIPLE 
EFFECTS-OF ANY DESIRED 
CAPACITY AND FOR ANY 
SE R V IC E -D E SIG N E D  TO  
MEET INDIVIDUAL CON
DITIONS

q HIGH CONCENTRATION 
AND CRYSTALLIZING SO
LUTIONS SPECIALIZED

q PROBLEMS OF SU PER
SATURATION AND EVAP
ORATION EVOLVING GASES 
SOLICITED
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Experimental 
Distillation 

O utfits
T o  dem onstrate know n d istillation  and extraction  

processes.
T o  assist in so lvin g distillation and extraction  

problems.
A pparatus of sufficient size to confirm laboratory 

results before installin g expen sive plant equip
ment.

Intended to meet the needs of Techn ical Schools, 
W orks Laboratories and C olleges of Industrial 
C hem istry.

Com plete equipm ent includes ja c k e t  heated still, 
coil heated still, colum n, return condenser, 
worm cooler, tubular cooler, extractor, ju ice  
warmer and tanks. Com plete w ith  tail box, 
thermometer, g au ge glasses and necessary pipe 
and fittings.

O utfits furnished as illustrated or in other com 
binations better suited to particular needs.

WALTER E. LUMMUS, 88 Broad St., BO STO N. M ASS.

1 8 4 - .  CHEMICAL APPARATUS »
“ Not the cheapest, but far the best’ ’

OUR BUSINESS
15 T O  BUILD AND S E L L  THE BEST P O S S IB L E  TYPES 

OF A P PAR ATU S FOR C H E M IC A L  W ORK. OUR

EVAPORATORS, 5TILL5, DRYING AND EX
TRACTING APPARATUS, AUTOCLAVES, Etc.

R E P R E S E N T  IN EACH C A S E  THE VERY BEST W H IC H  HAVE BEEN DEVISED.
THEY HAVE BACK OF THEM MANY YEARS OF E X P E R IE N C E .  OUR W O R K M A N SH IP  C A N N O T  BE BEATEN.

IF YOU R E Q U IR E  ANYTHING IN THE ABOVE LINES COME TO US FIRST AND SAVE TIME,
W rite O u r  C h e m ic a l E n g in eerin g  D ep t, f o r  In fo rm a tio n .

E. B. BADGER & SONS CO.
C o n s tr u c to r s  of  C h e m i c a l  A p p a r a t u s .

B O S T O N  M A S S .
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T H E

‘T H E

SWENSON EVAPORATOR
IS SAID TO BE

RECOGNIZED STANDARD”
THE MOST RECENT AMONG OUR M ANY  

CUSTOMERS :
PULP

LIQUOR

PACKING
HOUSE

SUGAR

M ead Pulp &  Paper Co. 
Georgia Pulp &  Paper Co. 
Southern Wood Distillates &  

Fibre Co.
Thilmany Pulp &  Paper Co. 
International Paper Co.
Wausau Sulphate Fibre Co. 
Dryden Timber &  Power Co. 
N ew  Brunswick Pulp &  Paper 

Co.

Swift &  Co.
Morris &  Co.
Cudahy Packing Co. 
Sulzberger &  Sons Co. 
Consolidated Rendering Co. 
Bovril, Ltd.
Liebig’s Extract of M eat Co.

Federal Sugar Refining Co. 
Michigan Sugar Co.
Adeline Sugar Factory Co. 
German-American Sugar Co.

California Glue Works. 
American Glue Co.
Eastern Tanners Glue Co.
Peter Cooper’s Glue Factory.
F. W. Tunnell &  Co. 
Consolidated Agricultural Chem

ical Co.

T h e N . K . Fairbank Co.
T h e  Procter &  Gam ble Co.
Wra. Waltke &  Co.
Haskins Bros. &  Co.
Harshaw Fuller &  Goodwin Co.

GLUE

GLYCERINE

Andrews Chemical Works. 
Western Lead Paint Co. 
Western A lkali Mfg. Co. 
Kansas Chemical M fg. Co. 
Pennsylvania Salt M fg. Co. 
S . D . Warren &  Co.

Frederick Stearns &  Co. 
Lincoln Ice Co.
Hygienic Ice Co.
A . E. Staley Mfg. Co.
J. C . Hubinger Bros. &  Co.

CHEMICALS

MISC.

§ W ENSON^yftPORATQR |0?
9 4 5  M onadnock Block, C h ic a g o . Works: H arvey, 111.
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The Mantius Crystallizing 
Evaporator

A  typ e  of ap p aratu s e sp e c ia lly  d esign ed  for the co n ce n tratio n  of

Crystallizing Solutions
and th e  rem ov al o f th e p recip itated  crysta ls  w ith o u t in te rfe r in g  

w ith  th e process of evaporation .

Used for such work as:

Electrolytic Caustic 
Ammonia Soda 
Bichromate of Potash 
Carbonate of Potash 
Sulphate of Ammonia 
Spent=lye Glycerin 
Manufacture of Salt

CJ Salt or crystals can be removed in a 
thoroughly washed condition.

 ̂ No centrifugals necessary— thus greatly re
ducing first cost and saving much labor.

 ̂ No loss of liquor by entrainment,

CJ For all solutions that tend to encrust the 
heating surface, this style of construction is 
excellently adapted because of the vigorous 
circulation that continually scours the interior 
of the tubes and the readiness with which 
these tubes can be given a mechanical clean
ing.

EVAPORATORS
Of A ny Capacity For any Service

‘B u ilt  E x p r e ss ly  to S u it  the C ond ition s

ZAREM BA C O M PA N Y  d .  s . m o r g a n  b l d g . ,

708 Singer Annex, N ew  York City. BUFFALO,U.S.A.
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Vitr 
Pure Fused

M u f f l e s  a n d  T r a y s

S u l p h u r i c  A c i d  C o n c e n t r a t i o n  D i s h

f

A  representative line is now on 
we cordially invite

In Small Sizes For

Laboratories
Vitreosil Pure Fused Silica Ware 

possesses the following properties:
Very refractory, melting above 

1,500° C.
Low coefficient of expansion— 

about 1/17 that of glass. Unaffected by 
sudden and extreme changes of tempera
ture.

Thoroughly Acid Proof.
High electrical insulating proper

ties, especially at temperatures from 
500° C. to 1,000° C.

Greatly superior, in many ways, to 
porcelain.

34. Page Catalog 

Special sizes and shapes will be made to

The Thermal
50 East 41st St., N ew  York,

Chemists’’ Building

1 1  G a l l o n  F l a s k

■J
N i t r i c  A c i d  C o n n e c t i o n  P i p e
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The most difficult problems
of mixing and kneading materials 
in many i n d u s t r i a l  fields are 
solved by our

K n e a d i n g  
M ix in g  
M achinery

O u r m ach in es are  th e  o n ly  ap p ar
atus w h ic h  com b in e a p erfect m ix e r  

w ith  a th o ro u g h ly  effi
c ien t kneader.

T h e r e  are  o ver 15,000 
m ach in es a t w o rk  in 
a ll  parts of the w orld  
and for a ll purposes—  

ch em ica l and ph arm a
ce u tica l p r o d u c t s ,

: colors, p a i n t s ,  var- 

|  n ishes, o ils, w h ite  lead, 
carbon , carb id e, e x 
p losives, p ap er p u lp , 

ce llu lo se , fo u n d ry  sand and loam , ru b b er m aterials, etc.

W e  h a v e  succeed ed  w h ere a ll p revio u s a ttem p ts fa iled .

Write f o r  Catalog 

a?id f u l l  particulars

WERNER W PFLEIDERER CO.,

Branch Offices

SA G IN A W , M IC H .
P H IL A D E L P H IA , P A ., D rexel Building 

N E W  Y O R K , N. Y . , Tribune B uilding{
E U R O PE A N  H O U SES:

C a n n s ta tt-S tu ttg a r t ,  B erlin , Cologne, M oscow, V ienna, P a ris  an d  London.

M A R K


