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E D IT O R IA L S

Officers for 1923
The newly elected officers of the S o c i e t y  are: 

President 
E. C. F r a n k l i n  

Directors 
W. D. B a n c r o f t  

Wm. H o s k i n s  

Councilors-at-Large (1923-1925)
R o g e r  A d a m s  R .  H .  M cK e e

G . N .  L e w i s  W m . M c P h e r s o n

Congratulations!

1923. Our ambition is steadily to raise the standard of 
papers so that authors will deem it more and more of an 
honor to see their work here. Again we ask the assistance 
of our readers in perfecting our service. We want to know 
what displeases as well as what pleases. You can help!

Plans for 1923
rP H IS  publication was established by the S o c i e t y  to 
*■ supply a need, and its mission has always been one of 

service—service to the science, to research, to the industries, 
and to the profession. This could not be accomplished but 
for the whole-hearted cooperation of these very interests 
which we serve. The Rotary motto, “He profits most who 
serves best,” may well be applied to this enterprise.

It is our aim continually to improve and increase our ser
vice. In 1923 we expect to make several giant strides. 
With this issue our name is shortened and, we think, im
proved. 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  will 
no doubt continue to be known as the “Industrial Journal,” 
but our new and shorter name will prove an advantage.

Two additional prominent chemists have accepted service 
on our Advisory Board. This active board takes a real 
part in shaping our policy and guiding the efforts toward 
improvement. We shall present several important series 
during 1923, among them one which will deal with patent 
law presented from an angle that we believe will be most 
informing to chemists, and another with various special 
topics in chemical engineering. Our foreign news is to be 
extended by letters from other countries. The arrangement 
of each issue will take into consideration the varied interests 
of our circulation.

An innovation will be the News Edition, issued on the 
10th and 20th of each month. This will effect no material 
change in the regular or industrial edition, but will bring 
to our readers much news of passing interest, personal and 
industrial progress .information, legal notes, and many of 
the activities of local sections and of chemists generally. 
In a sense the News Edition is to be a chemical newspaper 
in the publication of which our News Service is to play a 
leading part. A separate Advisory Board is being formed, 
correspondents secured in all sections, and arrangements 
made for a staff, differing from that responsible for the 
Industrial Edition, to prepare the News Edition.

The News Edition enables the S o c i e t y  to have at once 
a method of broadcasting employment information, as voted 
at the Pittsburgh meeting. A maximum of four pages in 
each news issue will be devoted to such announcements. 
Members in good standing are to be given the privilege of 
four insertions during the year, and local employment com
mittees of sections and educational institutions, from which 
most of the employment information will come, are expected 
to perform the personal service which any successful plan 
for employment promotion demands.

We are to print 1320 pages in the Industrial Edition in

Pace Makers
' \X n iI L E  each local section of the S o c i e t y  no doubt has 

some principal activity, a few examples worthy of 
emulation have been brought to our attention.

In the December, 1922, Chemical Bvllelin an editorial 
states that for several years these sections which support 
the Chemical Bulletin have been of assistance to each other 
in arranging programs, and securing prominent speakers 
whose services are available to all cooperating sections. 
The Committee on Public Representation of the Chicago 
Section has even assumed entire financial responsibility 
for several speakers, prorating their expenses among the 
sections concerned. This same committee has prepared 
a list of speakers and chemical subjects, which is sent to 
local civic and social organizations with a letter inviting 
the recipient to make full use of the list, through the com
mittee, which also assists in developing their programs.

This section is also directly interested, as is the Milwaukee 
Section, in making chemical information available to the 
city authorities. A  member of the Chicago Section was 
called into consultation with the District Attorney on a 
matter of public welfare involving chemistry. He found this 
officer ignorant of the existence of the A m e r i c a n  C h e m i c a l  
S o c i e t y , not to mention the Chicago Section, or the special 
Committee on Public Representation. The chemist utilized 
his opportunity and then and there laid the foundation for 
a close and cordial connection between the District Attorney’s 
office and the Chicago Section.

The Indiana Section holds a weekly luncheon on Tuesday, 
and by a change in its by-laws has made these noon meetings 
regular business sessions. This greatly facilitates the trans
action of business and leaves the scientific meetings free 
for discussion of topics presented by the speaker. As a 
result of the activities of the section, the local newspapers 
have come to seek the opinions of the section on matters of 
professional interest and public welfare, many of which are 
not strictly chemical. Activities in investigating promotion 
schemes of doubtful worth, efforts to keep in touch with legis
lation, and a variety of other special endeavors make the 
section a center of interest.

At Rochester a real advance has been made in handling 
employment information. The Chamber of Commerce has 
a chemical committee and arrangements have been per
fected whereby the local industries call upon the employ
ment department of the Chamber of Commerce when they 
desire chemically trained men. The applicants are first 
investigated by the local section and a decision reached as 
to whether they are qualified by training and experience 
for the positions sought. Then when ,a request for a chemist 
is received, the firm or individual desiring chemical assis
tance is given a carefully selected list of applicants from 
which to make a choice. This unique cooperation bids 
fair to solve the employment question in so far as the de
mands of local firms are concerned. The Chicago Section 
handles its employment problem in a similar manner.
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In Cleveland, Pittsburgh, and some other large centers 
carefully planned and persistent campaigns for an increase 
in membership have been or are under way and with a result 
that is most gratifying. These efforts have brought the 
local sections into contact with many of those interested 
in chemistry who were not previously known to them, have 
revealed the attitude of local concerns toward chemistry, 
and have made it possible to develop constructive policies 
for the conduct of local chemical affairs.

Some time ago the secretary of the Western New York 
Section suggested that each section should compile its own 
history which might be abstracted for publication. Some of 
these accounts have appeared, the latest being in the Syracuse 
Chemist, which is the monthly publication of the Syracuse 
Section.

What special activity have other sections to offer?

Research among Trades
^ ~\N E  FUNCTION of I n d u s t r i a l  a n d  E n g i n e e k i n g  C h e m -  

ISTRY and our A . C .  S. News Service is to create inter
est in fundamental research and its adequate support. We 
believe that these activities of the A m e r i c a n  C h e m i c a l  So
c i e t y  have had some part in furthering research supported 
by industry and especially by trade associations. The 
accomplishments of these associations are too little known, 
and to show our appreciation of their work and to give our 
readers even a partial list, we cite below a number of the trade 
associations engaged upon programs of research.
A m erican M alleable Castings Association, A lbany, N . Y .
A m erican G as Association, 128 E . 15th S t., New Y ork, N . Y.
A m erican In s titu te  of B aking, 1135 F u llerton  Ave., Chicago, 111.
A m erican Petroleum  In s titu te , 17 W . 44 th  S t., N ew  Y ork, N . Y .
Am erican Society of H eating  and  V entilating  Engineers, 29 W . 29 th  S t., 

N ew  Y ork, N . Y.
A sphalt Association, 25 W . 43d S t., N ew  Y ork, N . Y.
Associated F ac to ry  M utual F ire Insurance  C om panies, 31 M ilk S t., Boston, 

M ass.
Associated Tile M anufacturers, B eaver Falls, Pa.
Association of M anufacturers of Chilled C ar W heels, Chicago, III.
B iscuit and  C racker M anufacturers’ Association, 90 W . B roadw ay, New 

Y ork, N . Y.
C alifornia F ru it Growers’ Exchange, Box 518, Corona, Calif.
C lay P roducts  Association, 113 W . W ashington S t., Chicago, III.
C on ta iner C lub, 608 S. D earborn S t., Chicago, 111.
Copper and  Brass R esearch Association, 25 Broadw ay, N ew  Y ork, N . Y. 
Crop Protection  In s titu te , 1701 M assachusetts Ave., W ashington, D . C. 
E aste rn  Clay Products Association, 910 S. Penn Sq. Bldg., Philadelphia, Pa. 
G lass C ontainer Association of America, 3344 M ichigan Ave., Chicago, 111. 
Hollow Building Tile Association, 111 W . W ashington S t., Chicago, 111. 
In s titu te  of American M eat Packers, 509 S. W abash Ave., Chicago, 111. 
Laundryow ners’ N ational A ssociation, D raw er 502, L a  Salle, 111.
M agnesia Association of America, 721 B ulletin  B ldg., Philadelphia, Pa. 
N ational Association of C orrugated and  F ibre Box M anufacturers, 1821 

R epublic Bldg., Chicago, 111.
N ational Association of C otton  M anufacturers, 45 M ilk S t., Boston, M ass. 
N ational Association of M acaroni M anufacturers, Braidw ood, III.
N ationa l C anners’ Association, 1739 H  S t., N . W ., W ashington, D . C. 
N a tiona l E lectric L igh t Association, 29 W . 39th S t., New Y ork, N . Y. 
N ationa l F ertilizer Association, 1010 A rch S t., Philadelphia, Pa.
N ationa l Lime Association, 918 G  S t., N . W ., W ashington, D . C.
N ational L um ber M anufacturers’ Association, 750 M cC orm ick Bldg., 

Chicago, 111.
N ational Glass C ontainer Association, care of C. L . Flaccus G lass Co., 

P ittsbu rgh , Pa.
N ational Gypsum  Association, 7647 Greenvie’w Ave., Chicago, 111.
N ational W arm  A ir H eating  and  V entilating Association, Colum bus, Ohio. 
N ational Varnish M anufacturers’ Association, 1845 B S t., N . W ., W ashing

ton , D . C.
N ational Wood Chem ical Association, 76 M ain  S t., B radford, Pa.
P a in t M anufacturers’ Association of U: S., 1845 B S t., N . W ., W ashington, 

D . C.
P o rtland  C em ent Association, 111 W . W ashington S t., Chicago, 111. 
R efractories M anufacturers’ Association, Oliver B uilding, P ittsbu rgh , Pa. 
Silk Association of America, 354 F o u rth  Ave., New Y ork, N . Y.
Southern  Coal A ppalachian O perators’ Association, Box 6S7, N ashville, 

T enn.

S outhern  P ine Association, care of J . B. Rhodes, New Orleans, La.
T anners’ Council of U . S. A., 130 N . Wells S t., Chicago, 111.
U nderw riters L aboratories (N ational B oard of F ire  U nderw riters), 207 E . 

Ohio S t., Chicago, 111.

Our Meeting Programs
A REVIEW of past programs clearly indicates that the 

A m e r i c a n  C h e m i c a l  S o c i e t y  has reached the place 
where more thought must be given to division and section 
programs. Nothing is gained by having a long list 
of papers recorded a nil the time so fully occupied that there 
can be no discussion; neither is there any advantage in ac
cepting a heterogeneous lot of papers. Often the titles 
are misleading and do not give a true idea of the real con
tents of the paper. Even abstracts may be no criterion. 
The following letter received from one of our members is 
pertinent:

A t the Pittsburgh meeting over four hundred scientific papers 
were presented in the various divisional meetings. I t  was 
obviously impossible for anyone to hear more than a small frac
tion of those read. I, therefore, made arrangements to secure a 
complete set of the authors’ abstracts as mimeographed by our 
publicity service. I found eighteen that were of real use to me. 
I t  is perhaps not surprising that the number was so small, for 
each person is naturally interested in a rather special field. T hat 
which amazed me most, however, was the rather large percentage 
of abstracts which, scientifically, were absolutely worthless. 
If I had not known that these were authors’ abstracts, I would 
have insisted that they m ust have been prepared by a  rather 
unintelligent office boy or, a t least, by someone who had no 
scientific training.

To illustrate m y point— the following hypothetical abstract 
is a good example of a number of papers, from the title of which 
I had hoped to gather some interesting information:

T he Preparation  of Phosgene by  M . I .  T . Chem ist. T he lite ra tu re  on the  
preparation  of phosgene is reviewed. Im p o rta n t defects in the  older m eth 
ods of m anufacture are pointed ou t. By the use of a  new reaction an d  a 
radical modification of the  conventional apparatus, the  au th o r has found i t  
possible to prepare an exceedingly pure p roduct a t  a very low cost.

Perhaps this is a bit extreme, but a t least it imparts as much 
information as do many of the authors’ abstracts. I contend it  
is not an abstract; it  is not scientific; and it is imposing on the 
intelligence of the members of the A m e r i c a n  C h e m i c a l  S o c i e t y  
and of the newspaper reporters to hand out such "statem ents” 
as "abstracts.” If the author is afraid he will let a little  infor
mation leak into the abstract, then he should refrain from read
ing his paper before our S o c i e t y .  If he does not know how to  
prepare an abstract, I would suggest that he study the next few 
issues of Chemical Abstracts rather intensively. I cannot under
stand how anyone who uses our abstract journal can fail to appre
ciate what an abstract should contain. The policy of our 
Industrial Journal of requiring an abstract to be placed at the  
head of the published paper is aii excellent one if for no other 
reason than that it  m ay assist to train authors to  write abstracts. 
I venture the guess, however, judging from m y recent experi
ence, that the abstracts published by I n d u s t r i a l  a n d  E n g i n e e r 
in g  C h e m i s t r y  are not always "authors’ ” abstracts.

Let us make several New Year's resolutions:
Plan meeting programs a full year in advance. Decide on 

definite objectives and obtain papers accordingly. Invite  
authorities to prepare these papers and allocate the tim e so that 
there m ay be real discussion. Take steps to  insure this dis
cussion. Do not attem pt to  cover too much ground at any m eet
ing, but provide for miscellaneous papers by having real analyti
cal abstracts of them  presented for discussion.

We decide the place of our meeting a year ahead. Let us 
likewise plan our programs.

News of Progress
ANNOUNCED in the September, 1922, issue, we 

will publish from time to time notes of the progress 
of applied chemistry in many fields, and we offer several 
such summaries in this issue.

Interest in the reports published in September reached 
beyond chemical circles, reprints having been sent to many 
libraries of chambers of commerce and other centers.
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A Central Library of Chemistry
XT OTHING is of greater importance to the chemist than 

contact with the great mass of literature of his pro
fession, yet at present there is no library fully equipped to 
give him this contact. Throughout the country local li
braries attempt, more or less successfully, to serve various 
branches of industry. Universities and industrial plants 
maintain libraries that provide workers with the most ob
vious sources of information, and many public libraries at 
central points provide some of the best-known reference 
works. Yet there is not to be found in the United States 
a complete library of chemical literature.

Probably the nearest approach to a central chemical li
brary is that of the Chemists’ Club in New York, but on ac
count of the limited funds available for its support even this 
falls far short of the ideal. No institution in the country is 
more accurately representative of the science and practice 
of chemistry than this club through its seventeen hundred 
members in all parts of the country, and no institution is 
better placed to carry out such a service as industry needs. 
The A m e r i c a n  C h e m i c a l  S o c i e t y  has recognized this fact 
officially by making the club custodian of its library. Ser
vice to members of the recognized national societies is pro
vided through translations, abstracts, bibliographies, and 
photographic reproductions of available material, at a nominal 
cost. In all other particulars the library is supported by the 
club itself without outside aid. On this account the funds 
available for expansion are necessarily limited, and it is 
with the idea of encouraging support for this worthy insti
tution that a partial list of its needs in the way of periodical 
literature is published elsewhere in this issue. Will you con
tribute duplicates from your collection to help fill these gaps?

Licensing Laws
V ^ /I T H  a few exceptions, chemists and chemical engi- 
* ’ neers believe that the conditions which make it 

desirable to have architects and land surveyors licensed by 
law do not apply to chemists, and that opposition to the 
passage of such laws must be alert and vigorous. Your 
attention is called to the reiteration of opposition by the 
Americanlnstitute of Chemical Engineers, as given on page 95.

Some of the reasons why licensing is not favored by chemists 
are: Selection of an examining board is likely to be affected 
by politics. It is difficult to secure an examining board 
capable of passing on the credentials of the many kinds of 
engineers. Any licensing system is liable to confer, in the 
mind of the public, a seal of approval on an engineer whether 
he is competent or incompetent. Under ordinary conditions, 
without a licensing system, the incompetent engineer does not 
secure work. No satisfactory statement has yet been made 
of the benefits which will accrue, through a licensing system, 
either to engineers or to their clients.

Chemical engineers are not mentioned as such in the 
various state laws, but they would of course be included 
in such terms as “professional engineers” and “engineers.” 

The present status of licensing laws in the various states 
is shown by the following summary:

Florida, W est Virginia, Oregon, Indiana, M innesota, and 
Colorado have laws regulating "professional engineering.” 

W yoming, Tennessee, N ew  York, South Carolina, North  
C arolina,. and Iowa have laws providing for registration or 
licensing of persons practicing “engineering” or "engineering 
and surveying.”

Arizona has a law to regulate the practice of the professions of 
“architecture, assaying, engineering, and land surveying.”

Connecticut, M ontana, Delaware, N ew  M exico, Idaho, Illi
nois, Texas, W isconsin, and Louisiana have laws regulating

"architects, structural engineers, or civil engineers and land 
surveyors.”

Oregon and Florida define professional engineers as “ those who 
practice any branch of engineering other than military engi
neering.”

Nebraska and N ew  Jersey have subm itted incom plete infor
mation.

Alabama, Georgia, Kansas, M ississippi, and Oklahoma have 
not been heard from.

Arkansas, N orth  Dakota, W ashington, South Dakota, Ver
mont, Rhode Island, Missouri, N evada, and U tah have no 
licensing laws for engineers.

K entucky, California, M aryland, Ohio, and M assachusetts do 
not require licensing of chemical engineers.

M ichigan and Pennsylvania require the licensing of chemical 
engineers, but not of chemists.

Members of the A m e r i c a n  C h e m i c a l  S o c i e t y  have been 
prominent in opposing licensing legislation as applied to 
chemistry and chemical engineers, and will continue to be 
alert.

Increased Support for Research and 
Publication

T )Y  ACTION of its Board of Directors, the General 
Electric Company has set aside a fund of S400,000, 

to be known as the “Charles A. Coffin Foundation,” the 
income from which, amounting to approximately S20,000 
per year, will be available for encouraging and rewarding 
service in the electrical field by giving prizes to its employees, 
recognition to lighting, power, and railway companies for 
improvement in service to the public, fellowships to graduate 
students, and funds for research work at technical schools and 
colleges.

The Foundation will be controlled and administered by 
a Foundation Committee appointed by the Board of Di
rectors. This committee, within the limits of the purposes 
for which the Foundation is created, will have power to deter
mine the conditions applicable to the distribution of the fund 
and the amounts for each particular purpose.

We applaud any group which has the foresight to reward 
research, to encourage qualified men and women to em
bark upon research as a career, and to support this vital 
work without expectation of immediate financial return.

What is urgently needed is an endowment fund, the 
proceeds of which may be used for the prompt publication 
and wide distribution of the results of research. There is 
no better way to develop a science, to avoid duplication of 
effort, and to promote an interchange of ideas. Any one 
experienced in raising funds knows that money is often 
available for research but seldom for broadcasting its findings.

The A m e r i c a n  C h e m i c a l  S o c i e t y  is admirably equipped 
to administer and expend such an income in publication.

Earning Power of Research
TpVERY experienced chemist can cite many pieces of 

work which illustrate the earning power of research. 
We recently heard the following on the train:

When the manufacture of potassium chlorate in electro
lytic cells was begun in this country, the yield was about 45 
per cent, which was the efficiency generally obtained else
where. Research disclosed the fact that if a little calcium 
chloride were added to the bath the efficiency could be raised 
to 87 per cent. Such a difference meant a decided cost 
advantage which was enjoyed for a period of years before 
another piece of research, conducted in another country, 
indicated that the same results could be obtained with a trace 
of permanganate.

Research is often at the very foundation of forming a new 
enterprise, and an excellent example is that given on page 78.
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Physical Chemistry in Industry
By R. S . Tour

U n iv e r s it y  o f  C i n c i n n a t i , C in c i n n a t i , O h io

PHYSICAL CHEMISTRY, as the name implies, may be 
considered as that branch of science lying in the great 
borderland of physics and chemistry where the prob

lems of each become so interconnected that they cannot be 
separately studied. Pure chemistry as a science has to do 
chiefly with the composition and constitu
tion of substances and classifies matter in 
terms of its component elements. The 
chemist may use specific physical proper
ties or definite energy relations to distin
guish compositions or constitutions,' yet 
these characteristics themselves are but the 
means to an end. Physics, on the other 
hand, is concerned especially with the prop
erties or the energy relations of matter 
per se, and classifies matter in terms of its 
characteristic properties. Thus both phys
ics and chemistry are concerned with prop
erties of matter and energy, and for more 
complete correlation or greater generaliza
tion, the problems arising must be studied 
from both the physical and the chemical 
standpoint.

It is obvious that these two basic 
branches of natural science, physics and 
chemistry, must have a great common 
ground, and it is logical that this common 
ground should have first been known as 
physical chemistry. It is only here that 
really conclusive generalizations may be drawn, laws for
mulated and resultant theories propounded. Thus, most of 
our hypotheses and theories of chemistry and of chemical 
action have been developed in the realm of physical chemistry. 
This has been the case to such an extent that physical chem
istry, principles of chemistry, and theoretical chemistry have 
become of recent years practically synonymous. To quote 
Arrhenius: “The theoretical side of physical chemistry is 
and will probably remain the dominant one; it is by this 
peculiarity that it has exerted such a great influence upon the 
neighboring sciences, pure and applied, and on this ground 
physical chemistry may be regarded as an excellent school of 
exact reasoning.”

T h e  B e g i n n i n g  o f  P h y s i c a l  C h e m i s t r y

It has been said that chemistry as a science began with 
Lavoisier in the latter part of the 18th century. It may 
further be said that Lavoisier was the first great exponent of 
physical chemistry. He insisted that the balance, an in
strument for purely physical measurement, be used for 
chemical investigation and finally established the “law of 
conservation of mass.” Previous to this time most of the 
experimentation and research was disorderly and uncoordi
nated, although Boyle had pointed out in his “Sceptical 
Chymist” (1662) the unsatisfactory results of the prevailing 
methods and the importance of the logical application of the 
principles of experiment and deduction. Yet, as late as 
1775, Priestley, the discoverer of oxygen, writes: “More 
is owing to what we call chance—that is, philosophically 
speaking, to the observation of events arising from unknown 
causes—than to any proper design or preconceived theory in 
this business.”

After Lavoisier, more orderly investigations were carried on 
and far-reaching discoveries in chemistry followed. Dalton 
attempted to summarize much of the work that had been done 
before him and in his “New System of Chemical Philosophy,” 
published in 1811, he laid the foundation stones for our phys

ical chemistry or theoretical chemistry. 
He brought forth an "Atomic Theory” 
wherein he assumed that matter was com
posed of “atoms,” of fixed characteristic 
weight, which were simple in the true 
elements and complex in compounds. He 
further stated that elements combine in 
fixed proportions, and formulated what we 
now know as the “Law of Multiple Pro
portions.”

Towles

P h y s i c a l  C h e m i s t r y  o f  T o - d a y

The present realm of physical chemistry, 
i. e., the theoretical chemistry of to-day, 
may be considered as a still more recent 
development than indicated above. It 
dates back perhaps no further than the 
last half of the 19th century, when the laws 
of thermodynamics were being established. 
It has been by the study of the relations of 
energy and matter that many of the great 

r. s. T o u r  strides in physical chemistry have been
accomplished and that many of our present 

theories have been developed. The present physical chemis
try may be considered as based on three distinct developments: 
the application of thermodynamic reasoning to chemical 
problems; the generalized extension of Avogadro’s hypothe
sis; and the rise of the theory of electrolytic dissociation. 
These three developments incidentally typify the funda
mental requirements for a normally rapid growth of any 
science: exact reasoning, generalized hypotheses, and logical 
theory.

The requirements for the normal growth of a science, 
exact reasoning, careful generalization, and logical theory, 
are also prerequisites to the successful application of the 
results of any scientific investigation outside of its own sphere. 
Since physical chemistry demands and fulfils these pre
requisites, it is in a large measure responsible for the applica
tion of chemistry in the world to-day; and the world benefits 
by scientific investigation only in so far as such investigation 
finds application. The individual investigator may, and 
generally does, derive his reward in a purely psychological 
medium of exchange, but the community upon which, in 
some way or other, he must depend for his necessities must 
be paid many times over for the outlay.

The present status of human knowledge, and that is present 
civilization, is an evolution of the study of cause and effect. 
When such study of related phenomena develops generaliza
tions and laws from which in turn other phenomena may be 
prophesied or explained, civilization lias been given a most 
valuable tool. This tool may or may not have an im
mediately apparent application to the needs of humanity, 
but if it gives the scientist a better understanding of his 
science, or if it aids in the advancement of that science as such,
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it will lead indirectly to applications which are of benefit to 
the community.

T h e  A p p l i c a t i o n  o f  P h y s i c a l  C h e m i s t r y

The application of the sciences for the benefit of mankind 
is a true definition of engineering. The sciences are the tools 
of the engineer. The value of physical chemistry as an 
engineering tool is sometimes questioned. A few industrial 
executives still remain who complain that the “theoretical” 
man is not “practical.” As this statement is generally inter
preted, it  may apply in individual cases. Yet this cannot 
condemn the value of theory for practical application. Who 
can deny the value of the phase rule developed by thermo
dynamic reasoning and mathematics, in the fields of metal
lurgy or in the industrial operations of distillation or crystal
lization? Who will question the applicability of the laws of 
equilibria in reversible chemical reactions? Who doubts the 
importance of the theory of solutions?

As any problem arises in an industry, it may be attacked 
in one of two ways, either empirically or scientifically. The 
former method is that sometimes known as “practical.” 
But, in general, even the so-called or self-styled “practical” 
man attempts a scientific mode of attack on his problem. 
As a rule, he will proceed according to some hypothesis or 
theory that he has developed to fit the particular case in hand. 
How much better and how much more certain of success he 
would be if the hypothesis or theory were always based on 
exact reasoning and correct principles. The truly empirical 
method of attack, not based on theory or reason, depends for 
its success on chance. Success may come quickly but the 
probability of success is generally remote.

No one who has come into contact with the chemical in
dustry will deny that there are to-day too many plants oper
ating under conditions no less than archaic. In these plants 
will be found the hard-and-fast rule, “let well enough alone.” 
However, such plants or branches of the industry are rapidly 
changing their methods and policies or are disappearing. 
Modern competition will not permit of their survival without

change. Many executives are to-day searching for men of 
sound training in fundamentals and principles combined with 
the ability of applying such training to their respective plants 
■with a view to improving efficiencies.

T h e  I m p o r t a n c e  o f  P h y s i c a l  C h e m i s t r y

It may be said that industry is interested only in dollars 
and cents. That is as it  should be. Money is merely a 
medium of exchange and the cost (unfortunately not always 
the selling price) of a commodity represents the expenditure 
of energy and labor by the community in return for the use 
of that commodity. If the cost may be reduced by improved 
methods or increased efficiencies, the community in the end 
must gain. The energy or labor saved can be put to other 
service.

In an attempt to harness natural forces to do man’s 
bidding, it is patent that the best mental equipment is a 
knowledge and understanding of the laws governing the action 
of such forces. The chemical engineer, in the application of 
chemistry in industry, perhaps does not realize to what ex
tent he depends on theoretical chemistry, or to what extent 
he makes use of the laws and theories that have been evolved 
in the realm of physical chemistry. He probably never even 
appreciates that every step he takes is based on fundamental 
laws, which may seem axiomatic to him but which are the 
result of laborious work and tireless study on the part of 
the physical chemist.

In closing one of his treatises, Lavoisier says:

I t  is not indispensable, in order to  deserve well of hum anity  
and to pay his tribute to  his country, that a man should be called  
to  those public and pompous functions which cooperate in the  
organization and regeneration of empires. The physicist, in 
the quiet of his laboratory and of his study, can also exercise 
patriotic functions; he can hope to diminish by his labors the 
many ills which afflict the human species, and to increase human 
pleasures and prosperity. And if he should only contribute, 
by the new m ethods which he may have shown, to the lengthening 
of the mean age of man by a few years, or even by a few days, 
he also m ay aspire to the glorious title  of benefactor of humanity.

Moving Picture Films
The General Electric Co., Schenectady, N . Y ., m aintains a 

lecture service to give reliable information on the progress of the 
electrical industry by means of illustrated lectures and also to 
provide m oving picture films illustrating and describing the man
ufacture of electrical products and their use. These m ay be 
borrowed without charge for exhibition in the interest of commer
cial development, education, welfare or other purposes acceptable  
to the company, w ith the understanding that they are to be used 
with care and shipped according to instructions after exhibition.

T he Pathéscope Co. of America, Inc., N ew  York, N . Y ., has

Book and  M agazine M aking

Chem ical and  M echanical Experi
m ents (Science a t  Home)

Electrical and  M echanical E xperi
m ents (Science a t  Home)

F rom  M ud to  M ug
Fuel

Gyro-Designer and  Sm oke Rings 
(Science a t  Home)

Im proving Am erica’s Sheep and 
C attle

M ahogany
M aking a F ine W atch
M anufacture  of Condensed M ilk
M anufac tu re  of E vapora ted  M ilk
M o to r Cars
M usic Factories

N ew sprin t Paper

Pain ts, Varnishes, Colors 
Power of Clouds

Quicksilver (Science a t  Home)

See-Saw
Shoes
Shredded W heat 
Silk In d u stry  
Silk In d u stry  in Jap an  
Silk In d u s try  in Lyons 
Snow and Ice
Sonny 's M icroscope; M icroscopic 

Anim alculae 
Specific G rav ity  of Liquids 
S p irit of the  C om  •
Steel
S to ry  of Abrasives 
S to ry  of Asbestos 
S to ry  of A tm osphere 
S to ry  of a  Box of C andy 
S to ry  of a  C ake of Soap 
S to ry  of a  Loaf of Bread 
Story  of Lucifer M atch

recently issued a  descriptive classified catalog of educational 
films for classroom use which m ay be purchased for $2.00. 
This book lists and describes a large number of films, including 
m any relating to  various phases of chemistry, physics, domestic 
science and arts, and industry. For greater usefulness, the 
films are indexed both by subjects and by alphabetical titles.

T he following list of films is given as supplem entary to those 
m entioned in our December issue, and further data concerning 
any of them  m ay be obtained from the editorial office:

Story  of M agnet
S to ry  of a  T ire
S to ry  of Coal
S to ry  of E vapora ted  M ilk
Story  of H am
Story  of Linen-M aking in France
S to ry  of N a tu ra l Gas
S tory  of Oil
S to ry  of Oxygen
S to ry  of Petroleum
Story  of Sound W aves
S tory  of Steel
S to ry  of Sulfur
S to ry  of Zinc
Sugar-cane In d u s try
Sugar In d u stry
Sugar In d u stry  in th e  H aw aiian 

Island 
Sugar Refining 
S w eetest S to ry  E ver Told

T ests  of B uilding-C onstruction 
M aterial 

T herm it Process
T hrough the  W onderland of Science

Tim e
Triplex Process of M aking Steel a t  

the  S outh  W orks of the  Illinois 
Steel Co.

V acuum -Tube E xperim ents

W ar M ethods
W ater: C rystallization
W ater Supply  of a  G reat C ity
W ave M otion
W elch’s G rape Juice
W elding
W hy of a  Volcano 
W ireless Telegraph and  Telephone 
W ireless Telegraphy 
W onders of the  M odern Oil R e

finery 
Wool
W orld’s F irs t Scientific H arness 

X -R ays

Zinc M ining, M illing and  Sm elting
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Recent Progress in the Chemistry of Sirups and Molasses
By F. W . Zerban

R e s e a r c h  L a b o r a t o r ie s , P e n ic k  at F o r d , L t d ., I n c ., N e w  O r l e a n s , L a .

THE SUBJECT matter of this article is so closely inter
woven with the chemistry of cane sugar and related 
carbohydrates that it is somewhat difficult to draw a 

line between the two. Although many advances in the sugar 
industry proper have a bearing on the sirup and molasses in
dustry, we will consider here only those 
that are of direct application.

N e w  S o u r c e s  o f  S i r u p s

The world’s demand for food, and par
ticularly for sweets, during the war greatly 
stimulated the sirup and molasses indus
try, as it did most others. Not only was 
the production of the well-established 
sirups from cane, corn, and sorghum about 
doubled, but new sources of food sirups 
were eagerly sought. It was natural that 
in both Europe and America great inter
est was aroused in the manufacture of an 
edible sirup from the cane’s closest com
petitor, the sugar beet. The undesirable 
flavor of beet sirup, as produced in the 
sugar factory, had entirely prevented its 
direct use as a food, but under the cir
cumstances it is not surprising that many 
attempts were made to prepare a palatable 
and pleasing product from the beet. A 
number of patents were taken out, and 
the importance of the subject at the time is best shown by the 
fact that a book of 146 pages was written on it by Block. 
Sherwood, as well as Ort and Withrow, found that those 
parts of the beet which contain the undesirable flavors in 
largest amount should be cut off, or that a preliminary extrac
tion should be made before expressing the juice; the flavors 
that still remain should be removed by heating under pres
sure and releasing the pressure at intervals. The necessity 
of using high temperatures was also recognized in Europe, 
where, in addition, the use of acids'for partial inversion was 
advocated to prevent crystallization and improve the flavor.

While beet sirup seems to have been produced on a large 
scale only in Europe, the sirup that seemed most promising 
in this country and really reached the manufacturing stage 
was maltose sirup, containing up to 76 per cent of maltose 
and but very little dextrin. It is made by treating starch, 
modified starch, or starchy materials with malt, and refining, 
probably with the aid of decolorizing carbon. Maltose sirup 
is free from malt flavor, sweeter than com sirup, heavy bodied, 
and does not crystallize. There have appeared newspaper 
accounts of other sweet sirups made from com, but no authen
tic information has been available.

A very interesting product, in whose preparation malt is 
also used, is the sweet potato sirup originated by the Bureau 
of Chemistry, principally with the idea of utilizing culls that 
are not marketable. This sirup is of pleasing appearance and 
color, and has a characteristic flavor similar to that of the 
raw material.

Willaman has proposed the utilization of the inulin of the 
Jerusalem artichoke, which can easily be grown commer
cially for the preparation of levulose sirup, the sweetest known

sirup. Another interesting suggestion, recently made in 
Canada, is the hydrolysis of wood waste, and the use of the 
resulting molasses as cattle feed. A simple method for mak
ing invert sugar sirup from dates has been described by 
Patterson.

N e w  M e t h o d s  o f  P r e p a r a t i o n  o r  
P u r i f i c a t i o n

Unfortunately, the severe business de
pression of the last two years was un
favorable to a successful conclusion of the 
new developments just enumerated. Im
provements in methods of manufacture of 
well-established products had a better 
chance of success under such conditions, 
particularly where the changes needed did 
not entail much expense for new equip
ment. The use of invertase in the manu
facture of cane sirup, investigated and rec
ommended by the Bureau of Chemistry, 
is gaining a foothold in the industry. At 
least one cane-sirup manufacturer in 
Louisiana made a large proportion of his 
output last season by the new method. 
The process is very simple, but its intro
duction had been somewhat retarded by 
the lack of an active invertase prepara
tion at a reasonable price. This diffi
culty has in large measure been over

come, and a rapid spread of the new method may be 
expected. The sirup, instead of being boiled directly to full 
sirup density with about 71 per cent total solids, is first evap
orated to only about 45 per cent solids, the invertase added at 
55°, the mixture allowed to stand over night, and then boiled 
to around 78 per cent solids. This sirup, of 35 to 40 per cent 
purity, keeps without fermenting or crystallizing. The use 
of invertase is also advocated by Harding for the preparation 
of invert sugar sirup from cane sugar.

Another promising process, which is being studied in connec
tion with scientific investigations on the colloid chemistry of 
sugar products, has been given attention by the Bureau of 
Chemistry and the Louisiana Sugar Experiment Station. 
This is the use of adsorbents, such as infusorial earth and de
colorizing carbons. Tests made by the Bureau of Chemistry 
on a small factory scale have shown that a clean and bright 
sirup, of light color and pleasing flavor, can be produced by 
filtering the entire cane juice with infusorial earth and evapo
rating in vacuo, or in open pans if desired. The additional 
use of carbon resulted in a sirup which on account of its 
mildness and very light color “should win favor in those re
gions where sweetness rather than strongly marked flavors is 
the quality principally desired.” Willaman reports that a 
sorghum sirup factory in the North is using Filter-Cel for 
filtering all of the juice, and has experimented with decoloriz
ing carbon also. The flavor of the product is said to bo very 
fine. Decolorizing carbon is now actually, used instead of 
boneblack in at least one large corn-sirup factory, and others 
are experimenting with its use.

A number of articles and patents have been published on 
the purification of sugar products of all kinds by means of

F . W. Z urban
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decolorizing carbons and other adsorbents. Some -well- 
known old processes for the purification of beet molasses 
have lately been patented again, with a view of using the 
treated molasses for human food. One of them is the pre
cipitation and removal of potash as acid tartrate, patented 
by Bonner, and the other the osmosis process, preceded by 
inversion and followed by boiling in the open, filtration and 
evaporation in vacuo, as patented by Cutler.

N a t u r e  a n d  C o m p o s i t i o n  o f  S i r u p s  a n d  M o l a s s e s

The old question of the nature of cane molasses has recently 
been studied again in Java. Since Prinsen-Geerligs’ classical 
investigations on the subject, cane molasses has been con
sidered as a saturated aqueous solution of chemical compounds 
between sugars and salts. Van der Linden was the first 
to reach the conclusion, on the basis of equilibria studies, 
that cane molasses is in fact a saturated solution of sucrose in 
nonsucrose; but the work of Kalshoven, done directly after 
that, called attention to a source of error, consisting of the 
presence of very fine sugar crystals in Java molasses. Kal
shoven devised a method for determining this fine grain by re- 
fractometric measurements, and a repetition of Van der 
Linden’s experiments by Helderman, with the necessary cor
rections, gave further strength to Van der Linden’s views. 
Helderman has since then shown in other ways that Java 
molasses does not contain any chemical compounds between 
sugars and salts at ordinary temperature. Tiemann main
tains that the chemical molasses theory still holds for beet 
molasses.

As in most technical fields, colloid chemistry has lately be
gun to play a more important part in the sugar branch. 
Much of this work, particularly that on juice clarification, be
longs to both the sugar and the simp industry, and is there
fore mentioned here only in passing, such as the adsorption 
theory of clarification developed at the Louisiana Sugar Ex
periment Station, and similar work by Dedek, Harloff, Herz- 
feld, and others. The Bureau of Chemistry has also taken 
a leading part in this field by applying dialysis and ultra
filtration to the determination of colloids in sirups and molas
ses, as well as to the isolation of gum from beet molasses and 
from diseased sugar cane. This method has made possible 
a close chemical study of these gums. Helderman and Khai- 
novsky in Java have found that the colloids in cane molasses, 
though small in quantity as determined with the ultra- 
microscope, have a decided effect on the viscosity. Treat
ment of the molasses with infusorial earth or decolorizing 
carbon reduces not only the color, but also the colloids and 
with them the viscosity. It was also shown that carbonation 
produces molasses of lower viscosity, lighter color and with a 
smaller number of colloid particles than does ordinary 
liming. Unfortunately, the ultramicroscope is not very re
liable when dealing with emulsoids.

The coloring matter of sirups and molasses has also re
ceived a greater amount of attention since the advent of 
decolorizing carbons. Investigations made at the Louisiana 
Sugar Experiment Station have shown that the color of cane 
products made according to best practice is almost entirely 
due to the presence of polyphenol compounds and their 
iron combinations. These polyphenols are derived from con
stituents of the cane itself, belonging partly to the true tan
nins, whereas others originate in the anthocyanins of the 
rind and the saccharetin of the cane fiber. Only in overlimed 
products is a large part of the color due to the effect of lime 
on reducing sugars in the presence of amino acids, and in 
overheated products to condensation products of the sugars. 
The color of commercial cane sirups and molasses, even those 
produced on the same plantation, often varies considerably, 
but average analyses of large numbers of individual samples

have shown that there is a distinct tendency toward a math
ematical relationship between color and purity.

A very unexpected and surprising result has lately been an
nounced by Sale and Skinner. They conclude from care
fully conducted tests that, contrary to generally accepted 
belief, invert sugar sirup is about 11 per cent less sweet than 
the cane-sugar sirup from which it is derived.

The precipitate that is always found when clarified cane 
juice is evaporated to sirup has been studied by Brewster 
and Raines, who have found that its composition varies con
siderably; however, its total quantity increases with the 
amount of soil adhering to the cane when it is milled, and the 
precipitate is probably largely derived from that source. 
Vinson and Catlin have shown that the ash in sorghum sirup 
from dry lands is not any higher than in that from regions of 
greater rainfall.

Browne has made the interesting observation that molasses 
and similar sugar products separate into layers, on standing, 
the lower ones showing a higher proportion of ash and organic 
nonsugars. This proves the importance of thorough mixing 
of samples to be analyzed.

A n a l y s i s

The determination of total solids in sirups and molasses is 
still in an unsatisfactory state, because there is no absolute 
method. Considerable progress has been made, however, 
toward greater relative accuracy and toward speed. A 
rapid and easy method of actual drying in a specially con
structed electric oven has been devised by Spencer. Proper 
conditions for the drying of beet products on sand have been 
worked out by Aikin. Newkirk has designed a pycnometer 
by which the specific gravity of molasses can be determined 
quite accurately. The use of the refractometer for deter
mining apparent solids is increasing. At least one sirup and 
molasses company uses this instrument exclusively in its 
factory control; tests recently made by a corn-sirup con
cern have shown that the solids determined by refractometer 
agree more closely with solids by drying than those deter
mined by the common hydrometer method. The refractom
eter has also been found to be well suited for the analysis 
of maple products. Atkinson recommends a wider use of the 
instrument on account of accuracy, convenience, and speed, 
and a committee has been appointed by the Sugar Division of 
the S o c i e t y  to revise the tables of refractive indexes of 
solutions of various sugars. The refractometer is also used 
in the determination of fine grain in molasses by Kalshoven’s 
method. The latter has been critically studied by Dedek, 
Kraisy, von Lippmann, and Schoorl, and there is still differ
ence of opinion about the correct procedure to be followed. 
Unfortunately, the Baumd scale is still widely used in the 
sirup and molasses trade, usually without specifying whether 
the “old,” the “new,” or the latest Bureau of Standards scale 
is meant.

The error in sucrose determinations in cane molasses due to 
excessive dilution on account of dark color, and to well-known 
other causes, has been overcome by Walker (revised by Brodie), 
who uses Hotne’s dry subacetate of lead and removes the ex
cess of lead with free phosphoric acid in small enough quan
tity not to cause measurable inversion. Kalshoven and 
Sijlmans get light-colored filtrates by the use of basic lead 
nitrate, followed with aluminium sulfate. Saillard, who has 
lately again brought forward arguments in favor of his “neu
tral” double polarization method for beet molasses, reports 
that differences between direct polarization and Clerget 
value in these products are caused principally by optically 
active nitrogenous substances, and change from year to year 
with the nature and quantity of the latter.
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Baklcer has successfully applied the inactivation method 
of reducing sugars by means of alkali to the determination of 
sucrose in honey. Methods based on the titration of dex
trose with iodine are coming into more extended use. More 
concordant results have been obtained in this way in the 
analysis of potato-starch sirup than by the use of Folding's 
solution, and the method has also been applied successfully 
to the analysis of honey. A complete scheme for the analysis 
of technical invert sugar sirups has been published by Bruhns.

A method for the determination of raffinose in beet mo
lasses by the enzyme method has been described by Paine 
and Reynolds, and the acid method has been revised by Jack
son. Schecker states that the most reliable results are ob
tained by first concentrating the raffinose through repeated 
precipitation with barium hydroxide, treating with carbon 
dioxide, and then determination by the Herzfeld method.

Viscosity determinations on molasses have been made with 
the Fischer viscometer, as compared with the Engler in
strument, and with a modification of the Arndt viscometer. 
The dialysis method of the Bureau of Chemistry for determina
tion of colloids, and of gums in particular, has already been 
mentioned. The hydrogen-ion method of measuring acidity 
superseded titration in the corn-sirup industry, and the 
work of Brewster and Raines has paved the way for its in
troduction in the cane-sirup industry also.

It has lately been found that the commonly and officially 
accepted correction factor in the determination of sulfated ash 
in cane sirups and molasses is erroneous; the factor is not 
constant, and is nearer 20 per cent than 10 per cent. There is 
no need of using the sulfated ash method at all, as the direct 
ash method is in most cases just as rapid and convenient and 
requires no empirical correction factor. Adkins and Withrow 
have shown that, if the sulfated ash method is employed, it 
should be carried out with dilute instead of concentrated acid.

Since the introduction of decolorizing carbons the determi
nation of color in sirups and molasses has become of great 
importance. The Bureau of Standards has therefore inaugu
rated a fundamental study of the light transmission of sugar 
products, and has already worked out a reliable method for 
color determination. The ordinary color matching instru
ments have been found to be of no value for the purpose, and 
some sort of spectrophotometer must be employed.

According to Kauffman, caramel determinations in sirups 
and molasses are meaningless, and the only method that has 
any value for comparative purposes is that of Ehrlich. 
Determination of electrical conductivity by Snell has found 
an important application in the detection of adulteration of 
maple sirups. The question of detecting the presence of 
technical invert sirup in honey has not been definitely set
tled; a new simple test, using resorcinol and (3-naphthol, has 
been described by Litterscheid.

U t i l i z a t i o n

The Steffen method of extracting sugar from beet molasses 
is now universally used in this country. Potvliet has shown, 
however, that the baryta process (used in Canada) and the 
strontia process have certain advantages over the Steffen 
method. The lead saceharate process, experimented with 
two years ago in Michigan, has evidently been abandoned 
again. Other, old and new, methods of sugar extraction from 
molasses are at intervals suggested and patented, but none of 
them seems to have found favor of late.

The profitable disposal of the large quantities of final 
waste molasses from both cane and beet is quite properly 
receiving more and more attention. The two main reasons 
for this activity are the threatened danger of a scarcity of 
gasoline in the not distant future, and the low price of molas
ses since the close of the war period. In certain tropical 
countries gasoline is already so expensive that the use of

automobile fuels containing material percentages of alcohol 
has become an actuality. The alcohol produced from mo
lasses is very simply and easily converted into a practical 
motor fuel by the admixture of ether which is made from 
part of the alcohol produced. Pyridine, kerosene oil, and 
ammonia are the common dénaturants. Wherever the new 
fuel has been carefully manufactured, it has proved a complete 
success. In the United States conditions have not yet ad
vanced to the point where alcohol motor fuels can success
fully compete, but interest in the matter is constantly in
creasing, as is well demonstrated by the large number of pat
ents, and technical as well as popular articles on the subject.

In Europe a number of chemical products are now being 
manufactured from beet molasses and in this country some 
work has been done along the same lines. Special fermenta
tion processes, or dry distillation, followed by chemical treat
ment, are being used or have been proposed for the production 
of acetone, glycerol, methanol and higher alcohols, fatty  
acids, ammonia and the methyl amines, methyl chloride,, 
cyanides and other salts of soda and potash, and similar 
chemicals. Some of these, such as glycerol, butyric acid,, 
nitrogenous compounds, and potash salts can also be made- 
from the distillery slops. The production of potash from the- 
latter was a thriving industry during the war, but has come 
to a complete standstill again. Whitaker advocates the use 
of silicon fluoride or hydrofluosilicic acid as a bactericidal 
agent in fermentation, and also for precipitating the potash 
from the molasses itself, instead of making it from the slops.

While the manufacture of fuel alcohol from molasses rep
resents the largest potential market of the future, molasses 
may be profitably utilized in other ways. Arnstein suggests 
a larger use of molasses for the manufacture of yeast. The 
foodstuff market absorbs considerable quantities of molas
ses, whenever it can compete with grain. As a direct fuel, 
molasses has in most cases been disappointing, but von 
Stietz has recently designed a special furnace which will burn 
the molasses properly. Molasses is used as 51 fertilizer with 
good results in Mauritius, whereas in other places it has been 
found of little or no value. Mixtures of molasses with other 
residual products have lately been tried out in Java, likewise 
with very poor results.

This account would not be complete without mentioning 
the “Reading List on Molasses,” compiled by C. J. West, 
comprising a complete bibliography on the subject up to 1920.

Further progress in the sirup industry, particularly cane 
and sorghum, will probably be in the direction of standardi
zation, and of the manufacture of products that have an 
appearance and flavor acceptable to the consumer outside of 
the restricted area where these sirups now enjoy their great
est popularity. The use of molasses will gradually increase 
as time goes on and as gasoline becomes scarcer, and it is 
not beyond the range of possibility that the molasses, now a 
drug on the market, may yet rival coal tar in value as the 
source of a variety of important chemicals.

R oyal Society  M edal Awards
Among the awards made by the President and Council of the 

Royal Society (England) are: The Copley medal to Sir Ernest 
Rutherford, for his researches in radioactivity and atomic 
structure; the Ruinford medal to Prof. P. Zeeman; for his re
searches in optics; the D avy medal to Prof. J. F . Thorpe, for 
his researches in synthetic organic chemistry; the Buchanan 
medal to Sir David Bruce, for his researches and discoveries in 
tropical medicine; and the Hughes medal to Dr. E. W. Aston, 
for his discovery- of the isotopes of a large number of the elem ents 
by the method of positive rays. The Royal medals have been 
awarded to Mr. C. T. R. Wilson, for his researches on condensa
tion nuclei and atmospheric electricity; and to Mr. J. Barcroft, 
for his researches in physiology, and especially for his work on 
respiration.
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Chemical Progress in Cane-Sugar M anufacture
By Guilford L. Spencer

T m i C i-n an- -A m e r ic a n  S u g a r  C o ., N e w  Y o r k , N .  Y .

IT MIGHT appear at first glance that chemistry has 
played a small part in the development of the cane-sugar 
industry. This is true as far as its applications in proc

esses are concerned, but the chemist, in his control at all 
stages from the materials of equipment to products and by
products, has done much to advance the manufacture.

Lime is still the only chemical used in making raw sugar, 
as was true twelve centuries ago in Egypt. Lime and sul- 
furous acid, or lime, sulfurous and carbonic acids are used in 
making plantation-white and near-white sugars. These 
three reagents are the only ones that enter directly into the 
current processes. Sodium carbonate is occasionally, but not 
usually, used to assist in the elimination of the lime. Caustic 
soda and hydrochloric acid are employed in cleaning the 
heating and evaporating surfaces. Vegetable carbons are 
used to a limited and probably increasing extent, in the di
rect manufacture of white sugar. Animal charcoal is now 
used only in decolorizing refinery liquids. It is probable that 
more than 90 per cent of the world’s cane sugar is made with 
lime as the only chemical entering the process.

The limited use of chemicals is not due to the lack of suit
able reagents, but to the small possible margin of profit in 
changing existing methods. Unless some revolutionary 
process is developed that wall eliminate much of the effort in 
the present juice treatment, evaporation, and purging of the 
sugar, present methods may be expected to persist. The 
French have long looked to alcohol to revolutionize the 
manufacture. More than sixty years ago they purified 
sorghum-cane juice with it, removing the gums by precipi
tation; and over thirty years ago the U. S. Department of 
Agriculture used it similarly in treating sorghum sirup. The 
French later carried the process further, and, after a prelimi
nary alcoholic precipitation of the gums, continued the ad
dition of alcohol for the nearly complete precipitation of the 
sugar. Thus, a method was developed that eliminated 
several of the present operations and directly produced 
crystallized sugar. This is an example of a perfectly feasi
ble process that so far has proved too expensive for its ap
plication, or is hedged in by too strict governmental restric
tions.

Other precipitation processes are possible, such as the cal
cium, strontium, barium, and lead saccharate methods, but 
none has yet been applied in regular manufacture. These 
processes are practicable from the commercial view only in 
their application to the molasses residue obtained in the pres
ent process. This residue is approximately 3'/2 per cent of 
the cane worked. The calcium saccharate process of Steffen 
is used by many of the American beet factories, but has only 
been tried experimentally with cane molasses. The molas
ses from the beet usually contains no reducing sugars or but 
traces of these, whereas that from the cane may contain as 
much as 25 per cent, or even more, dextrose and levulose. 
In a direct treatment of cane molasses, the reducing sugars 
would be largely precipitated with the sucrose and with no 
manufacturing advantage. Reducing sugars in solution 
made alkaline with lime may be destroyed by heating. After 
this treatment, the sucrose may be precipitated as a saccha
rate, and, after removing the metallic base by carbonation, be 
recovered by crystallization. The market value of molasses 
has been large enough to deter the use of precipitation proc
esses, but recently the price has been so small that large

quantities of the by-product have been run to waste, and 
these processes may be considered. A precipitation process 
was developed and patented by Batelle,1 in which the reduc
ing sugars are destroyed in the juice instead of the molasses.

It seems like wilful waste to destroy the fermentable re
ducing sugars in order to recover the sucrose, which at most is 
about 35 per cent of the material. Possibly some selective 
fermentation method may be found to utilize the reducing 
sugars and make the sucrose available. Alcohol and ether 
are now produced at low cost in the tropics, and are used as 
motor spirit. Tropical countries can utilize very large 
quantities of alcohol and ether in the motors of tractors for 
plowing and general haulage. The conversion of the mo
lasses into alcohol and ether would therefore apparently pro
vide a profitable means of disposing of the by-product, and 
leave little opportunity for precipitation processes.

The ash resulting from burning the bagasse for fuel is 
rich in potash, but in a combination that is insoluble in water 
and of little value as a fertilizer. A low-cost method of 
rendering the potash salt soluble would be valuable. No 
doubt considerable quantities of potash could be recovered 
from the flue gases by electrical precipitation.

Von Lippmann,2 in 1909, published a list of 622 proposed 
processes for sugar manufacture. Several processes have 
since been reported, and he doubtless omitted many, but of 
this long list few have persisted, as is indicated at the opening 
of this article. Possibly the reason for failure in many cases 
is the small margin of profit, even if nearly all the sugar were 
recovered. The value as sugar of all the sucrose left in av
erage molasses, at present market price, is about 85 cents per 
ton of cane. The present market price is probably higher 
than may be expected when Europe again produces fully. 
It is easily conceivable that a fall in the price of sugar and 
a rise in that of molasses would leave little encouragement for 
a larger recovery of sugar, if a new process were involved.

There has been considerable progress in the mechanical 
equipment of the cane factory, especially in the development 
of mills, the handling of cane, and the settling of juices. The 
experiments in diffusion nearly forty years ago under Dr. 
H. W. Wiley in Washington, Kansas, and Louisiana, spurred 
mill builders to better design and resulted in demonstrating 
the economic superiority of mills. These developments 
could hardly have been possible without the chemists’ con
trol, from the foundry mixtures of mill rolls and other ele
ments of the machinery to the bagasse from the last mill of 
the train. Boiling-house methods have progressed along 
such lines that laboratory control is imperative. The modern 
cane factory is chemically controlled at every stage of the 
manufacture, and an increasing number of factories require 
the superintendent and his principal assistants to have a 
good chemical training.

Summarizing, there has been little chemical progress in the 
treatment of the juice of the cane, no chemicals are used at 
other stages of the manufacture, but the reasons for present 
usages are much better understood. There has been great 
progress, however, in mechanical equipment at all stages of 
the manufacture, and often with the assistance of the chem
ist. The construction of the mills, the grooving of their 
rolls, the delivery and feeding of the cane to the mills, the

1 Special R eport, H aw aiian Sugar Planters* Assoc., 1913.
* Deut. Z u c k e r in d 34 (1909), 9.
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settling devices for juices and parts of the evaporation have 
markedly improved in the past ten years. A grinding ca
pacity of 2500 tons of cane per 24 hours per train of mills was 
thought to be near the maximum with high efficiency, in 1912. 
There are now single trains of mills that will grind 3600 tons 
of cane with even higher efficiency. There has been great

The Manufacture
By L. A.

M e r r im a c  C h e m ic a l

progress in factory output. In 1912 there was but one fac
tory with an annual capacity of 85,000 tons of sugar; in the 
present year, several factories have largely exceeded this out
put and one has produced 170,000 tons of raw sugar. These 
increases are largely due to progress in mill design and con
struction.

of Sulfuric Acid
, Pratt

C o ., B o s t o n , M a s s .

C h a m b e r  P r o c e s s

DURING the last ten years there has been a determined 
effort to intensify the production of acid by the cham
ber process, and to this end numerous improvements 

have been made in the methods of chemical control and in 
the design of “sets” and their accessories. During the war 
the production of chamber plants was greatly enlarged by 
increasing the proportion of nitrogen oxides to sulfur dioxide 
in circulation. This leads to higher niter losses and larger 
repair charges, and is therefore not applicable to these times. 
As a result, chemical engineers are devoting their efforts to 
changes in design which will afford a better mixing of the 
gases and a more efficient removal of the heat of reaction, 
with a view 'to minimum unit cost of investment, operation, 
and maintenance.

The Falding1-* high chambers are built to utilize the mixing 
of gases by convection currents caused by the heat of the 
chamber reactions. The saving in cost of lead and ground 
space is, however, offset by the extra cost of construction of 
the high chambers. There is no adequate provision made 
for the condensation of the acid mist.

Gaillard2 uses, in place of the usual chambers, lead towers 
built in a slightly conical form, truncated, and having the 
larger diameter at the top. A hollow shaft extending 
inside the tower through the closed top serves for the introduc
tion of a small stream of cold, dilute sulfuric acid which falls 
onto a revolving channeled disk located on the lower end 
of the shaft. The cool acid is projected against the upper 
part of tower, down which it flows in a cooling and protective 
film. The speed of the disk is sufficiently great to cause some 
of the acid to rebound and fall in a fine, heavy rain to the 
bottom. It is claimed that this rain serves to thoroughly mix 
the gases and to condense the acid formed in the tower. 
It is further claimed that the temperature throughout the 
tower is readily controlled, thus increasing the efficiency as 
well as the life of the apparatus.

The Mills-Packard3 system, which was developed in 
England, has as its object the water cooling of the lead surface 
of the reaction chambers. The chambers are built in the 
form of truncated cones down the outside of which runs a 
continuous stream of cooling water. Plants of this design 
have been erected by 23 companies, in England, France, 
Italy, and New Zealand. The first two chambers were erected 
in 1914 and the number has increased to 112 at the present 
time. The results of actual operation have shown that a 
set of this type can be successfully operated on 3.66 eu. ft. 
of chamber space per pound of sulfur burned per 24 hrs., 
with a niter consumption of 3.62 per cent. The cost of 
construction is materially lower than in old style sets, and 
the life of the lead should be longer because of the efficient

* T he num bers in the tex t refer to p a te n t references a t  end of the  article.

water cooling. None of these chambers has been built in 
this country as yet, so far as the writer knows. According to 
the published results, this system is one of the important 
developments in chamber acid manufacture. There is no 
special provision for thorough mixing of the gas in this 
design, but it is reported that modifications are being con
sidered which may further increase the efficiency of this 
system.

Several types of “intermediate” or “reaction” towers 
have been brought forth, the purpose of which is to both cool 
and mix the reacting gases. These are inserted between the 
chambers and offer a large amount of contact surface. One 
of the most successful types is designed by the Chemical 
Construction Company and consists of a lead-lined tower 
packed with spiral rings. Results of careful tests in a set 
where the tower space is equal to 7 per cent of the total cham
ber space, have shown that 33.5 per cent of the “make” of 
the plant was produced in the intermediate towers. The 
efficiency of the chambers alone was 10.7 cu. ft. per lb. of 
sulfur, and of the chambers plus the tower capacity was 
7.6 cu. ft. per lb. sulfur. Larger intermediate towers are now 
being designed with a view of cutting down the chamber 
space proportionately.

A patent was recently taken out by C. H. MacDowell1 
which covers the spraying of a large amount of dilute sul
furic acid (in place of water) into a chamber set for cooling 
purposes. The necessary amount of sulfuric acid is con
tinuously drawn from the chamber pans, diluted, cooled, 
and re-sprayed into the chambers. It is reported that the 
capacity of the plant where this process was tested over a 
period of 6 mo. was increased 40 per cent, making it possible 
to operate the set on 6V2 cu. ft. of chamber space per pound 
of sulfur burned with a 3 per cent niter consumption.

A radical departure from the use of large reaction cham
bers is embodied in a process patented by Opl5 in 1908, and 
in two processes which have recently been patented and are 
now being tested in this country. The Opl process is carried 
out in a series of six towers. In the first three towers the 
sulfur dioxide gas comes in contact with a descending stream 
of nitrosylsulfuric acid dissolved in concentrated sulfuric 
acid. Denitration of the acid takes place just as in the 
ordinary Glover tower and simultaneously the sulfur dioxide 
is oxidized. The last three towers are for the absorption 
of the oxides of nitrogen evolved in Towers 1, 2, and 3. By  
this arrangement it is claimed that 1 lb. of sulfur may be 
burned per 2.1 cu. ft. of tower space per 24 hrs. About 30 
of these systems are in operation in Europe.

A recent British patent by P. Parrish8 and The South 
Metropolitan Gas Company claims to double the efficiency 
of the Opl process by passing the reacting gases through a 
4-in. layer of nitrosylsulfuric acid.
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The tower process developed by E. L. Larison7 of the 
Anaconda Copper Mining Company is known as the “packed 
cell” process. The gases from the Glover tower are passed 
through a set of towers constructed of acid-proof brick and 
filled with a checkerwork of the same material. Cold acid 
of 48° to 50° B<5., in which neither sulfur dioxide nor oxides 
of nitrogen will dissolve, is run down the checkerwork, thus 
effectively controlling the temperature at the points of re
action. The thorough mixing and cooling, together with the 
extremely high niter circulation (equivalent to 70 pts. 
sodium nitrate per 100 pts. sulfur), causes very rapid reaction. 
A large Gay-Lussac space is necessary for recovery of the 
oxides of nitrogen. It is claimed that the cost of construc
tion of the packed cell plant is only 50 to GO per cent of a well- 
constructed chamber plant. It is doubtful whether there 
would be so great a saving in construction in most localities. 
The cost of maintenance and the efficiency of niter recovery 
are points in question.

The other procedure referred to above is the “tube” 
system patented by Kaltenbach.8 In this development, 
the chambers are replaced by series of lead pipes, the pipes 
in each unit being connected in parallel. They are approx
imately 31 in. in diameter and may be packed with Raschig 
rings. The gases pass up around the rings while a regulated 
stream of cold dilute acid flows downward. The advantages 
claimed are:

1—Ease of temperature control.
2—Rapid dissipation of heat in close proximity to place of its 

generation.
3—Intim ate contact between the reacting gases and liquids.
4—Elim ination of water atomizers.
5—Flexibility—any tube m ay be cut out to change the capacity  

or to effect repairs.

Results of operation of a commercial unit are not available 
at the present time.

Several other processes have recently been patented. 
T. Schmiedel and H. Klenckc5 have covered the spraying and 
mechanical mixing of nitrosylsulfuric acid into sulfur dioxide 
gases.

R. E. Dior10 has protected a design consisting of a series of 
chambers each resembling an inverted funnel, the sides of 
the upper portion being more nearly vertical than those of 
the lower section. The gases are said to move through 
each chamber in a spiral fashion.

C. J. Reed11 heats a mixture of air, sulfur dioxide, and ox
ides of nitrogen, absorbs the gaseous reaction products in 
concentrated sulfuric acid, subsequently removes the oxides 
of nitrogen from solution and recovers concentrated sul
furic acid.

G. Mirat and P. Pipereaut12 have designed a set with a series 
of small lead.chambers and with several special features.

M e t h o d s  o f  I n t r o d u c i n g  N i t r o g e n  O x i d e s —There are 
four methods in use for supplying nitrogen oxides in the 
ordinary chamber process: (1) potting niter; (2) adding nitric 
acid in the Glover tower; (3) spraying sodium nitrate solution 
into the first chamber; (4) catalytic oxidation of ammonia.

In the potting of niter, there has been a decided tendency 
toward the installation of the pots outside the flues, thus 
necessitating the use of fuel to fire them. This change has 
come about largely because of the accumulation of niter 
cake in the flues by the older process. In the opinion of the 
author there is little trouble from this source if the niter pots 
are properly designed.

The use of nitric acid in the Glover tower is excellent for 
companies having a supply of weak nitric acid at their dis
posal. Care should be taken to obtain a constant flow of the 
nitric acid and a uniform distribution over the tower.

The spraying of sodium nitrate solution into the first 
chamber has been used successfully by certain concerns, 
notably fertilizer manufacturers, where the contamination 
of the sulfuric acid with sodium sulfate is not objectionable. 
The sodium nitrate solution must be carefully strained and 
the spray nozzles kept in good working order so that liquid 
nitric acid will not be formed in the pan of the chamber.

Oxidized ammonia gas is being used in certain countries 
where the price differential of nitrogen is sufficiently in favor 
of ammonia. This process has been adopted in England and 
the details have been carefully worked out. It is doubtful 
whether it will gain much headway in the United States, 
in the near future. Two of the large companies in this 
country have, however, installed the process in one or two of 
their plants for the purpose of collecting data. The argu
ment has been used that it affords a saving in labor, but this 
is certainly not true in cases where only one man per shift is 
employed in operating a chamber set which includes potting 
the niter as well as running the sulfur burner and controlling 
the process. In isolated cases, where the niter cake formed 
in the niter pot process is a waste product, it is possible that 
the ammonia oxidation process may find favor.

R a w  M a t e r i a l s  f o r  S u l f u r  D i o x i d e —For nearly 20 
years prior to 1914, pyrites was the great raw material for the 
production of sulfur dioxide. During the war it was im
possible to obtain anything like the required amounts of 
Spanish pyrites, and American manufacturers were forced 
to return to the use of brimstone. New sulfur fields have 
been opened up ensuring a sufficient supply of excellent 
brimstone, and there seems to be very little desire on the 
part of manufacturers in this country to return to the use of 
pyrites. The higher purity of acid produced from brimstone, 
coupled with the simplicity of operation and lower labor 
requirements, are factors in favor of the continued use of 
sulfur.

Large amounts of sulfuric acid are manufactured from the 
gases produced in the roasting of copper and zinc sulfide ores. 
One of the notable developments for utilization of waste 
gases from copper blast furnaces is the large plant of the 
Tennessee Copper Co., at Copperhill, Tenn.

I m p r o v e m e n t s  i n  D e s i g n  o f  S u l f u r  B u r n e r s , D u s t  
P r e c i p i t a t o r s , T o w e r s , a n d  A c c e s s o r i e s —Since sulfur so 
largely displaced pyrites in this country, the design of a 
burner suitable for the combustion of the brimstone became 
important. The Tromblee and Paul burner, better known 
perhaps as the “Glen Falls” burner, has found great favor 
and is highly satisfactory.

In many plants employing roaster gases or pyrites as a 
source of sulfur dioxide, the Cottrell electrical precipitator 
has been installed for removing the dust. This process 
has been modified and improved to a high state of efficiency. 
It has also found valuable use in the precipitation of fume 
from the stacks of sulfuric acid concentrators.

The development of the acid-proof masonry Glover and 
Gay-Lussac towers without the use of lead curtains is worthy 
of special mention. The use of towers of this design will be 
watched with considerable interest during the next few years.

Water has very largely displaced steam for furnishing the 
necessary moisture in the chambers and several very satis
factory spray nozzles have been developed for atomizing the 
water into the chambers.

In the concentration of sulfuric acid, some very important 
steps have been made in the direction of higher efficiencies 
and greater stability of apparatus. Special mention may be 
made of the Gaillard, the Mantius, and the Gilohrist concen
trators. The latter has had a very rapid development in 
this country, particularly for the concentration of acid from 
the sludge acid produced in the refining of petroleum. It
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is well designed, embodying several new principles, and has 
shown excellent thermal efficiencies over long periods of 
operation.

C o n t a c t  P r o c e s s

There are four contact processes in successful operation: 
the Badische, Mannheim, Grillo-Schrocder, and Tentelew 
systems. Very few improvements of recent date have 
been recorded in the manufacture of contact acid. H. F. 
Merriam13 has patented a process which consists of drying 
the air used for combustion of brimstone. This procedure 
permits the passage of the hot burner gases to the converter 
after being slightly cooled to the proper temperature. The 
advantages claimed are: (1) conservation of heat; (2)
simplicity and stability of apparatus; (3) longer life of 
contact mass because of the elimination of sulfuric acid mist.

F. Slama and H. Wolf14 have patented a catalyst consist

ing of vanadium oxide deposited on pumice or kieselguhr. 
A 96 per cent conversion of sulfur dioxide to sulfur trioxide 
is claimed with this catalyst.

W. A. Patrick15 proposes a process for the conversion of 
sulfur dioxide to sulfur trioxide catalytically by passing the 
gases through silica-gel previously treated with certain metallic 
salts. The process has not been tried out on a commercial 
scale as yet but experimental work has been in progress for 
some time.

P a t e n t  R e f e r e n c e s

1— U. S. P a ten t 932. 771 (1909). S— B rit. P a te n t 159, 156 (1920).
2— Fr. P a ten t 52S, 0S0. 9— Brit. P a te n t 149, 648 (1920).
3— U. S. Paten ts  1, 112, 546 (1914); 10— Brit. P a te n t 164, 572 (1920).

1 ,312,741(1919);1 ,312,742(1919). 11— U. S. P a ten t 1, 363, 91S (1920).
4— U. S. P a ten t 1,402,941 (1922). 12— B rit. P a te n t 163, 030 (1921).
5— U .S . P a ten t 1 ,012 ,421(1911). 13—U. S. P a te n t 1, 384, 566 (1921).
6— B rit. P a te n t 156,328 (1921). 14— U. S. P a te n t 1, 371,004 (1921).
7— U. S. Pa ten ts  1, 334, 384 (1920); 15— Brit. P a te n t 159, 508 (1921).

1,342, 024 (1920).

Stabilizing the Sulfur Market for Chemical Industry
By Harold S. Davis

A r t h u r  D. L i t t l e ,  I n c . ,  C a m b r id g e ,  M a s s .

THE STABILITY of any industry is 
greatly influenced by the degree 
of accuracy, with which the prices 

of the raw materials it needs can be pre
dicted. Sulfur, owing mainly to the ever- 
increasing usefulness of sulfuric acid, has 
become one of the basic elements for 
chemical industry. Let the reader con
sider for a moment whether, if the price of 
sulfuric acid were to double in the next 
few years, the particular organization with 
which he is affiliated would not be ad
versely affected by the rising price of 
some necessary raw material. It is there
fore a great satisfaction to be able to pre
dict a stable sulfur market in America for 
at least the next ten years, with almost 
complete independence of production and 
consumption in foreign countries.

T h e  P a s t

Up to the present century, only neg
ligible quantities of sulfur were mined in 
the United States and practically the 
world’s supply came from Sicily. The deposits in this 
island contained originally about 65 million tons of sulfur 
available for mining.1 More than half of this has now been 
mined. The total sulfur recovered up to 1885 was estimated 
at 10 million tons and 13.G million long tons were exported 
from 1885-1919.2 About one-quarter of the sulfur mined 
has been lost in processing, a factor which must be considered 
in estimating the value of the supplies that remain.

In the past the methods of mining were very crude, man
ual labor being employed for the most part in transporting 
the ore from the pits to the surface. Even to-day, thousands 
of children still work in the Sicilian mines.3 The methods 
used for separating the sulfur from the ore were also very 
wasteful.

> J . Soc. Chem. Ind ., 7 (1888), 140.
> M ineral Ind ., 1 (1892); 9 (1900); 13(190-4); 2 1 (1912); 38 (1919); 

T horpe’s "D ic tionary  of Applied C hem istry ,'’ 5 (1913), 287.
* Eng. M ining  J .,  112 (1921), 138.

It is true that scientific methods of pro
duction and conservation have been to 
some extent introduced into the Sicilian 
sulfur industry, but the cost of mining the 
deposits is of necessity rather heavy. The 
ore, containing only 10 to 20 per cent of 
sulfur, must all be transported to the sur
face before the sulfur can be recovered. 
The resulting product contains 2 to 11 per 
cent of impurities, and for most purposes 
must be further refined by distillation. 
To-day this sulfur must compete with the 
American product which, by one process, is 
brought to the surface nearly 100 per cent 
pure and which is handled at the mines, 
transported to the seaboard and loaded 
on ships entirely by mechanical means.

The plain fact seems to be that no large 
quantity of Italian sulfur can be mined 
and sold to-day in free competition with
the American product, even in Europe,
except at a loss.

T h e  P r e s e n t

America now dominates the world’s sulfur industry. She 
owes the position primarily to the daring genius of Hermann 
Frasch, who originated and developed the method of mining 
which made available the vast supplies of sulfur existing
in the so-called “salt domes” of the Gulf coastal plain. In
the Frasch process, the sulfur which exists in great beds about 
800 to 1000 ft. below the surface is melted in situ by means 
of superheated water and then raised to the surface in a 
molten condition by means of an air lift.4

The basic Frasch patents expired in 1908 and to-day three 
large and well-financed companies are utilizing his methods 
for mining. One company is in Louisiana and two are in 
Texas. In addition a new company apparently well financed 
has recently entered the field. All the essential features of 
the process as it is still used were worked out by Frasch. 
However, some of the companies have employed the highest

< T in s  J o u r n a l , 4 (1912), 134; Bacon and Davis, Chem. Met. Eng., 
24 (1921), 65.

H a r o l d  S. D a v i s
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technical skill in the control of their operations and have 
effected unexpected economies in the consumption of fuel 
which constitutes the main operation cost. The Texas Gulf 
Sulfur Company maintains a large-sized model of its deposit 
in which all the mining operations are carefully checked so 
that its engineers are able constantly to visualize what is 
taking place underground.

Those who uphold the principle of the conservation of 
natural resources may feel assured that little of the sulfur 
in these vast deposits will be lost to industry.

It was mentioned above that crude Sicilian sulfur contains 
a large percentage of impurities. The American sulfur 
mined by the Frasch process has a degree of purity that is 
extraordinary. Think of sulfur being pumped out of the 
ground over 99 per cent pure at the rate of over 500 tons a 
day from one well. Furthermore, average well samples taken 
over considerable periods have, when freed from moisture, 
analyzed over 99.9 per cent pure.

The sulfur, however, almost invariably contains traces 
of petroleum oil, and this gives rise to effects which occasion
ally lead the consumer to believe that the sulfur is fairly 
impure. This oil is dissolved in the sulfur to form a true 
solution and is not easily removed. Even minute traces have 
an adverse effect upon the burning properties of the sulfur 
in an open dish because of the asphaltic film that forms on 
the surface. However, special methods have been devised 
which completely overcome any difficulties encountered in 
burning.

T h e  F u t u r e

Estimates vary as to the amount of sulfur in the domes 
which are now being mined, but it is reported that in some

cases reliable drill tests have shown over 10 million tons in 
a single deposit which may be raised by present equipment. 
It seems likely that more sulfur-bearing domes will yet be 
discovered.

There exist in addition great surface deposits of sulfur in 
the United States and in other parts of the world. In some 
localities transportation costs provide a margin on which 
these can be successfully worked for a local market even 
to-day. In 1920, however, 1,255,000 long tons of sulfur 
were mined in the United States and of this quantity 99.5 
per cent was produced in Texas and Louisiana.6

It would require a rather substantial rise in the price of 
fuel to put the margin of profit again in favor of the exploita
tion of surface* deposits, so that it seems likely that the 
supply of sulfur for America, if not for the world, will be 
drawn from the Gulf Coast domes for the next ten years 
and probably longer.

N e w  U s e s  f o r  S u l f u r

Unquestionably, the use of sulfur for purposes old and 
new will steadily increase. Those properties which suggest 
certain possible uses for sulfur in large quantities are its 
exceptional insulating qualities, its resistance to being wetted 
by water, and its inertness toward most acids, all combined 
with a fair degree of physical strength.

Engineers are naturally and properly conservative about 
the introduction of new materials into construction work. 
Still, sulfur is about as easily handled as asphalt, so that 
when concrete and other materials fail, they will do well to 
keep in mind this old familiar substance which is now so 
readily available.

'C hcm . Age (N . r . ) ,  30 (1922), 231.

Problems in the Determ ination of Physical Properties

In preparing for publication the data on physical properties 
of chemical substances, the editorial staff of International 
Critical Tables, 1701 M assachusetts Ave., N . W., Washington,
D . C., will find from time to tim e that important physical prop
erties of substances of technical and scientific importance are 
missing from the literature. As fast as they become aware of 
missing data of this character, it is their policy to  formulate re
search problems covering such missing data and to  endeavor to 
interest chemists and physicists in undertaking the necessary 
investigations to  supply the required data.

M ost of the research problems formulated in this w ay will be 
suitable for bachelors’ or masters’ theses and in a few instances 
topics sufficiently broad to  be suitable for doctors’ theses will 
also be available. M any of them  will be suitable for experi
m ental problems in the ordinary laboratory courses in  physical 
chemistry and physics. Thus, for example, the laboratory ex
periment covering the determination of solubility m ight to ad
vantage deal w ith substances whose solubility is needed but is 
unknown. The average of the determinations made by a class 
of students, while not as accurate and reliable as the determina
tions made by a skilled investigator, will nevertheless be very  
valuable when they constitute the only data available on the 
subject. Moreover, the average student will be more interested  
in laboratory experiment, the results of which are of actual value 
and worthy of publication, than he would be in repeating for 
the n th  tim e the measurement of a property of some system  
which has been measured many tim es before.

International Critical Tables will be glad to subm it to  interested 
instructors in universities and colleges lists of problems of this 
character and to  advise as far as it can concerning suitable ap

paratus and m ethods of measurement. I t  m ay be possible also 
in some instances to  secure moderate financial assistance to  
aid in the purchase of materials and apparatus for investigators 
interested in carrying out work of this character. The results 
of such work m ay be published by the investigator in any appro
priate publication medium, and they should also be reported in  
duplicate to the office of International Critical Tables on com
pletion of the work.

A number of problems on the following subjects are available 
at the present date:

H eats  of com bination: solid oxides, iron com pounds.
Specific h eats: brass, solid oxides, steels, oils and  fa ts , petro leum  products, 

m etals, salts, iron com pounds, asphalts.
L a te n t heats of fusion: brass, m etals.
H e a t conductiv ity : steels.
L a te n t heats  of vaporization: petro leum  products.
Viscosities: industria l m aterials, solutions.
K inetics: ra tes  of drying, hydrolysis of industria l m ateria ls, catalysis, 

transp ira tion  of m oisture, biochemical.
S treng th : industria l m aterials.
T herm al expansion: steels, iron com pounds.
Freezing-point-solubility d iagram s: salts, acids, m etals in w ater, soaps. 
Boiling po in ts: solutions.
Solubility of gases: in m olten  m etals, in w ater.
Chem ical equilibrium : dissociation pressures a t  1600° C.
E lectrical conductiv ity : m etals, refractories.
Properties of colloidal system s: industria l m aterials.
V apor pressures: m etals, solutions.
Specific ro ta ry  power: gliadin.
Index  of re frac tion : solids.
D ensity : certa in  organic com pounds, solutions.
F lash  points.
Surface tensions: solutions.
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The Electrochemistry of Organic Com pounds1
By Alexander Lowy

D e p a r t m e n t  o p  C h e m is t r y , U n iv e r s it y  o p  P it t s b u r g h , P it t s b u r g h , P a .

THE APPLICATION of electricity to organic chemistry 
is not new but comparatively undeveloped. Ex
perimental work dates back to the beginning of the 

19th century. As early as 1807, Grotthus electrolyzed an 
alkaline solution of indigo-white and obtained the character
istic blue precipitate on the surface of the 
anode. Although many papers have been 
published on the electrochemistry of or
ganic compounds, up to date very few 
commercial processes have been worked 
out. Patent literature reveals the fact 
that up to 1910 approximately 100 patents 
were granted in this field, 89 of which were 
taken out in Germany. Only a limited 
amount of research work has been done 
in this particular line, especially in the 
United States. Within the last few years 
the Swiss, German, and Japanese journals 
have contained many articles on this 
subject.

In comparison with inorganic chemistry, 
this phase of organic chemistry is practi
cally undeveloped. Provided the same 
impetus is followed in the electro-organic 
field as in the electro-inorganic field, with
in the next decade we will undoubtedly 
see new methods for the preparation of 
organic compounds, perhaps new indus
tries will be developed and thereby substitute electrical 
energy for more expensive chemical reagents to effect certain 
organic reactions.

In conducting experiments for the preparation of organic 
compounds by the electrolytic process, the organic com
pound can act as an electrolyte, as in the case of organic 
acids, salts of these acids, etc., but in most cases, the organic 
compound is a nonelectrolyte. If the organic compound is 
a nonelectrolyte or one of very low conductivity, an electro
lyte must be added in order to produce electrolytic effect. 
In order to accomplish this, inorganic acids, bases or salts are 
generally utilized. Upon electrolyzing the mixture, the ions 
migrate to their respective electrodes' and are discharged. 
At the moment of their discharge to the atomic or molecular 
state, a reaction takes place and the carbon compound is 
acted upon by the primary or secondary products of the elec
trolysis. The carbon compound acted upon by this means is 
called a “depolarizer.” If the organic compound is added to

i E x tracts  from lcctures presented before the  C incinnati, Cleveland, 
and  P ittsbu rgh  Sections of the American Chem ical Society, 1921-22.

A l e x a n d e r  L o w y

the catholyte it is known as a “cathodic depolarizer;” if to 
the anolyte, as an “anodic depolarizer.” Depolarizers may 
be dissolved or suspended in the electrolyte. In the electro
lytic oxidation of anthracene to anthraquinone, sulfuric 
acid is the electrolyte and anthracene is the anodic depolar

izer. In the electrolytic preparation of p- 
chloroaniline, hydrochloric acid is the elec
trolyte and nitrobenzene is the cathodic 
depolarizer. For the preparation of organic 
compounds direct current is generally 
used. The utilization of alternating cur
rent has hardly been touched upon.

Many organic compounds can be pre
pared electrolytically by the following 
type reactions: oxidation, reduction, halo- 
genation, synthesis, etc. Since at the 
anode, oxygen or halogens may be evolved, 
by using certain inorganic electrolytes, 
oxidation or halogenation can be effected; 
while at the cathode, hydrogen is evolved, 
thereby effecting reduction. Since oxida
tion, reduction, halogenation, substitu
tion, etc., reactions are used extensively 
in organic chemistry, oxygen, hydrogen, 
and halogens generated electrolytically 
could be used to produce the same re
actions during the course of the elec
trolysis in place of more expensive 

chemical compounds.
Reduction of organic compounds by means of electrolysis 

has been more thoroughly investigated than oxidation and 
substitution reactions. Reduction of an organic compound 
generally takes place at certain reducible groups in the mole
cule without further destroying the latter. On the other 
hand, oxidation of organic compounds is far less selective 
and takes place by degrees. Possibilities exist between 
a slight attack of oxygen and the complete destruction of a 
compound. Therefore, in conducting experimental work for 
the preparation of an organic compound, it is absolutely 
necessary to note all possible details of the variable factors 
affecting the course of the reaction.

The following are the important variable factors which 
affect the course of reactions, yields and the selective de
polarizations of organic compounds: current density; con
centration and conductivity of electrolytes; concentration 
of the depolarizer (organic compound); temperature of bath; 
diaphragm; dimension of electrodes; composition of electrodes 
(overvoltage effect); e. m. f. of cell; structure and shape of

N i t r o b e n z e n e  i n  t h e  C a t h o d e  C o m p a r t m e n t

C a t h o d e  
C o m p a r t m e n t  

Alcohol +  twice i t s ) 
w eight of 25%  HjSO* j

C oncen trated  HjSO*
3 per c en t sodium  hy- J 

droxide f
70 per cent e th y l a lc o -) 

hoi w ith sod ium } 
ace ta te  

70 per c en t ethyl a l
cohol w ith sodium  ? 
ace ta te  

C oncen trated  h y d ro -1 
chloric acid

A n o d e  C o m p a r t m e n t E l e c t r o d e s

C u r r e n t  
D e n s it y  

i n  A m p e r e s V ol t a g e
T e m p e r 

a t u r e

T im e  in  
A m p e r e  
H o u r s P r o d u c t

25 per cent HjSO* Lead 4 -5 3 .7 -4 65°-80° 35 Aniline

C oncentrated HjSO< P la tin u m 6-8 7-S CO 0 0 £-Aminophenol
15 per cent sodium  sulfate 

w ith very little  H*SO< 
Cold satu rated  sodium 

carbonate  solution in 
porous cell 

Cold satu rated  sodium car
bonate  solution in por
ous cell

20 per cent H2SO4

A n o d e , le a d  
C a th o d e , n ic k e l  
A n o d e , p la tin u m  
C a th o d e , n ic k e l

Anode, platinum  
C athode, nickel

P la tin u m

5-6

6-8

F irst 6-8 
then

2-3
1 .5 -2

6-8

8-9

S-9

5 -6 .5

22

30

35

50

Azoxybenzene

Azobenzene

Hydrazobenzene

o~ and 0-chloro- 
anilines
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electrodes; relative position of electrodes; rate of addition of 
organic compounds; time of electrolysis; overvoltage effect; 
use of catalysts, and stirring.

A few examples given below show the effects of the above- 
mentioned variable factors in producing certain organic 
compounds under specific conditions.

Effect of  
Electrodes

The reduction of nitro compounds gives the following 
types:

Effect of 
Electrodes CH, OH

CH¡0H

vtoÇ&ÏZ-* 80 Percent yield of HCHO 
ffctiñiíed n* Less HCHO- More CO¡

■All to C02

Effect of 
A lka lin ity  

a n d
Acidity o f Bath

C2H2

Effect of
Concentration CHtOH 

of
Electrolyte

CtHsOH

HCOOH

CH3CH0~* CHj COOH

Jn_NJ¡¿^í-9- 80 Per centyield ofHCHO

No HCHO

Only CH3CH0

OnlyCH¡COOH

lttcci ur . -
C atalyst Anthracene.

Effect  of  
Voltage

Effect of

100 Percent y ie/dof 
Anthraquinone

__]_An2£ld£!!l-+- Curreni efficiency=5SttSlforcent 
Effect of lodotorrrt— 2Amp./dçm  ̂ Currenteffia'ency=60to9}fercenf
Current Density çurrenf- fffidenn/*7Jto79.forcent

Hq cathode 0_,
Eff ec t  Of Camphor pb - — +■ Bornéo!
Electrode — ¿ 2 ^ 2 2 ^ No reduction

The study of these variable effects, although complex to a 
certain extent, shows them to be within range of experimental 
manipulation, and foreshadows great possibilities for the 
utilization of electricity for the preparation of certain organic 
compounds.

The following are some of the aliphatic compounds that 
have been prepared by electrolysis: formaldehyde from 
methanol with an 80 per cent yield; chloral; propionic 
acid from «-propyl alcohol with a 90 per cent yield; aldehydes 
from primary alcohols; ketones from secondary alcohols; 
halogenated acetone; isopropyl alcohol from acetone; chloro
form, bromoform, and iodoform (industrial process); hydro
carbons; esters, etc.

In the aromatic series there is a more fruitful field for re
search for the preparation of intermediates, dyes, drugs, 
developers, etc. Among the aromatic products prepared by 
electrolysis, the following are listed:

o-Toluidine from o-nitrotoluene; benzaldehyde from toluene; 
o-nitrobenzyl alcohol from o-nitro toluene; anthraquinone 
from anthracene; vanillin from isoeugenol; benzoquinone 
from benzene; o-amidophenol from o-nitrophenol; malachite 
green color base from its leuco base; eosin from fluorescein; 
saccharin from o-toluenesulfonamide; terephthalic acid from 
p-toluic acid; piperidine from pyridine; p-amidophenol from 
nitrobenzene, ete.

It has been reported that a number of these compounds 
have been made in Germany on a commercial scale by means 
of electrolytic methods. During the war several tons of 
p-amidophenol were made in this country by the electrolytic 
reduction of nitrobenzene.

As to future possibilities, the field for the utilization of 
electricity for the preparation of certain organic compounds is 
unlimited. A few of the topics listed below will be investi
gated in the near future at the University of Pittsburgh.

1— The oxidation of toluene to produce a good yield of benz- 
aldehyde.

2— T he oxidation of nitrotoluenes to nitrobenzaldehydes.
3— The oxidation of o-cresol to salicylic aldehyde and acid.
4— Oxidation of leuco bases of dyestuffs to  their color bases 

and dyes.
5— Oxidation of hydrocarbons to aldehydes and acids.
6—H alogénation of aromatic hydrocarbons.
7— Use of catalysts in electro-oxidation processes.
S—N itration and sulfonation w ith dilute nitric and sulfuric 

acids, respectively. During the electrolysis of dilute solutions 
of these acids concentrated acids are produced on the surface 
of the anode; therefore nitration or sulfonation of the organic 
compound can take place.

9— Utilization of both the anode and cathode compartments 
of an electrolytic cell for simultaneous oxidation and réduction 
reactions.

10— U se of alternating current.

The following advantages may be given in connection with 
the utilization of electricity for the preparation of organic 
compounds:

1— Electric current produces changes in place of expensive  
oxidizing and reducing agents, such as PbOî, C r03, SnCl2, etc.

2— Only electrical energy is used.
3— N o by-products of inorganic chemicals to  remove.
4— It is easy to  manipulate, provided conditions have been 

worked out.
5— The use of both, the anode and cathode compartments 

sim ultaneously in order to obtain full current efficiency.

Research Inform ation Service
One of the services which Research Information Service 

offers to investigators, engineers, and industrialists is response 
to requests for information. There is a vast am ount of valuable 
general and technical information that is not readily available 
to m ost scientists or technologists. T he Research Information 
Service specializes in sources. If it has not the exact information  
which you need, the chances are that it can tell you where you  
will find it.

The Service does not undertake to give advice as does the con
sultant, but instead it tries to present the objective information 
which should be available to everyone in need.

There is a technical staff to  handle requests and the compila
tion of information. If you have not already done so, get in 
touch with Research Information Service in order to  discover 
what it can do to facilitate your work.

Ordinarily, requests are answered w ithout charge. If you  
have any in mind send them  along to  test the value of this gen
eral clearing house. The proper address is Research Infor
mation Service, National Research Council, W ashington, D . C.
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Recent Developments in the Organic Chemistry of Arsenic
By W. Lee Lewis 

N o r t h w e s t e r n  U n i v e r s i t y ,  E v a n s t o n ,  I u . .

ARSENIC-CARBON compounds have gained a peculiar 
place in man s troubles, war and disease. This, 
together with the fact that arsenic in an organic 

compound does not interfere with many typical organic reac
tions, has maintained a considerable volume of research in 
this field the past two years.

Much of this material is obviously an extension or an elabo
ration of certain war-time studies on organic arsenic com
pounds used or proposed as military weapons. Thus, Morgan 
and Yining1**havefurther studied the preparation of the cyano- 
arsincs, obtaining a 90 per cent yield from (PhjAs)2 and 
Hg(CN)2 at 250° C. McKenzie and Wood2 used (PhiAs^O 
with HCN and prepared the same diphenylcyanoarsine in 
90 per cent yield. Pope and Turner3 similarly report im
provements in the preparation of triphenylarsine from arsenic 
chloride, phenylchloride, and sodium, and in the conversion 
of the resulting tertiary arsine into the primary and secondary 
chloroarsines. Mat-sumiya4 has studied this method of pre
paring the tertiary arsine, comparing it with the action of the 
Barbicr-Grignard reagent on arsenic chloride. By the lat
ter method he obtained 70 per cent yields as against 20 per 
cent yields by the sodium method. Contardi5 has made a 
thorough report of the large-scale manufacture of the war 
“gas” known as “D. M .”—namely, 6-chlorophenarsazine— 
making it from the primary materials arsenic oxide, hydro
chloric acid, and aniline. Wieland“ has made a long series of 
derivatives of this compound, preparing the oxide, the methyl 
ether, acetate, the tertiary amine, the iY-methyl and various 
nitro and amino derivatives. The analogous 6-chloro- 
phenoxarsine, from arsenic trichloride and diphenyl ether, 
was first made by Pope in the hope that it might possess 
properties similar to “D. M.” Its various derivatives, as the 
oxide, sulfocyanate, arsinic acid, etc., as well as the related 
7-chloro-7,12-dihydro-7 -benzophenarsazine and its deriva
tives, have been studied by Lewis7 and his students.

The very interesting /3-chloroviriyl arsines prepared by the 
action of acetylene upon arsenic chloride in the presence of 
aluminium chloride have been reviewed by Green and Price.8 
The marked vesicant action of the /3-chlorovinyl dichloro- 
arsine and the gradual loss of this effect in the secondary and 
tertiary members, apparently paralleling the presence and 
amount of chlorine on the arsenic, are noteworthy in view 
of the theory of the action upon tissue of vesicants of the 
type of mustard gas and the chloroarsines. This theory 
postulates the absorption of the lipoid-soluble compound 
with subsequent hydrolysis and liberation of hydrochloric 
acid in the aqueous phase of the cell. It is interesting that 
in the /3-chlorovinyl arsines the halogen attached to doubly 
bound carbon is apparently not hydrolyzable, as is to be 
expected from the usual chemical inactivity of such halogen.

Steinkopf9 has found the thiocyanates of secondary 
chloroarsines, prepared, for example, from dimethylchloro- 
arsine and sodium thiocyanate, quite stable, but the corre
sponding derivative of methjidichloroarsine and other primary 
chloroarsines could not be prepared.

Job10 has employed the instability of the As-CN linkage 
in a patent for the preparation of arsenated acids and amides.

num bers in the  tex t refer to  th e  bibliography a t  th e  end of the

Thus, the intermediate cacodyl nitrile with dilute sulfuric 
acid yields dimcthylarsino formic acid.

A r s p h e n a m i n e  R e s e a r c h

E a r l y  I n v e s t i g a t i o n s — By far the larger portion of recent 
research in tlie arsenicals has had in view  the preparation of 
new pharmaceuticals designed to overcome the imperfections of 
arsphenamine and its variants. Arsenic in inorganic form was 
employed in the treatment of syphilis as early as the 16th cen
tury'. Cacodylic acid, discovered by Bunsen in 1842, was the  
first form in which organically bound arsenic demonstrated its 
lesser toxicity w ith continued activity of the element. M urphy11 
first used the sodium salt in America in certain forms of syphilis 
w ith promising results, and despite subsequent proof that its 
American popularity was unwarranted, it  is still in minor use. 
Variations of this product are ‘‘arrhenal,” in which a methyl 
group of sodium cacodylate is replaced by the NaO group, and 
the more recent "mon-arsone” in  which the m ethyl group of 
“arrhenal” is replaced by an ethyl group.

Bechamp in 1860 prepared arsanilic acid, whose sodium salt, 
"atoxyl,” and acetylated derivative, "arsacetin,” each had a 
limited vogue in medicine. Ehrlich and Bertheim ’s studies on 
"atoxyl” in 1907, leading to  the correct formula of this substance 
as an analog of sulfanilic acid, was the beginning of that re
markable series of syntheses which produced "spiraysl,” No. 
418, the sodium salt of arsenophenyl-p-glycine; arsphenamine. 
No. 606 (1910), the dihydrochloride of 3,3'-diamino-4,4'-dihy- 
droxy-arsenobenzene; “neoarsphenamine,” N o. 914, the sodium  
formaldehyde sulfoxylate of arsphenamine; and “sodium ars
phenamine,” No. 1206, the disodiuin derivative of arsphenamine.

P i i e s e n t  S t a t e  o f  R e s e a r c h —Despite the vast amount of 
work, chemical and pharmacological, since carricd out on the 
arsenicals, it is remarkable that we still do not possess adequate 
methods of analysis, that we are not sure of the structure of 
many leading compounds, such as neoarsphenamine itself, and 
that we cannot distinguish primary toxic properties, those in
herent in the compound, from secondaiy, those resulting from 
variations in the preparation or administration of the drug. 
Toxic samples cannot be distinguished by chcmical tests from 
nontoxic. The nature of the impurities in the preparations, 
the production of a uniform substance, and the best method 
of administration, are still unsolved problems. We have 
neither expanded nor confirmed Ehrlich’s dicta as to the 
relation of structure to physiological effect—i. e., the toxo- 
phoric character of trivalent arsenic and the haptophoric 
nature of an amino group ortho to hydroxyl. Of the many 
new organic compounds of arsenic for which antisyphilitic 
claims are made, it is significant that but five are officially 
licensed by the Treasury Department of the United States— 
i. e., arsphenamine, neoarsphenamine, sodium arsphenamine, 
an arsphenamine derivative containing phosphorus (4,4'-di- 
hydroxy-arsenobenzene-3,3'-phosphamic acid, No. 1116 of 
Mouueyrat’s series) and called phospharsenamine or “galyl,” 
and finally silver arsphenamine. Multiplicity of trade 
names does not indicate a corresponding fertility in the sci
entific field, for arsphenamine appears in the United States 
under the trade names of “salvarsan,” “arsenobenzol,” 
“diarsenol” and “arsaminol;” sodium arsphenamine as 
“sodium diarsenol,” and “salvarsan sodium;” neoarsphena
mine as “neosalvarsan,” “neodiarsenol” and “neoarsaminol;” 
silver arsphenamine as “silver salvarsan” and “silver diar
senol;” and phospharsenamine as “galyl.”

The extensive researches on arsphenamine and the quest 
for a substitute are well justified by the inadequacy, not
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generally appreciated, of this drug. Roth12 concludes a 
splendid contribution to this subject with the observation 
that “arsphenamine is potentially a dangerous therapeutic 
agent after all precautions are taken,” a view which is con
firmed in varying degrees by Foulerton,13 Hymen,14 Todd,15 
Lurz,16 and others.

S t u d i e s  o n  S y n t h e s i s —It is reassuring that the current 
synthetic work designed to overcome the shortcomings of 
the accepted drugs is being conducted in close cooperation 
with pharmacologists, a cooperation which finds significant 
support in the pathetic lag that has too often separated the 
discovery and application of benign medicinals.

One of the most outstanding and comprehensive series of 
syntheses has been carried out by Heidelberger and Jacobs.17 
Taking as their starting materials the two pentavalent com
pounds, arsanilic acid and p-hydroxyphenylarsonic acid, and 
using the reactive amino and hydroxyl groups, the following 
types of derivatives were developed: diazoamino compound 
A N :N N R R ' (A =  arylarsonic acid radical, R  and R' =  
H, alkyl, aryl, or substituted aryl groups); azo dyes, A N : NR; 
iV-substituted amides of ¿Y-phenylglycine-p-arsonic acid, 
ANHCH2CONRR'; substituted ureides of Ar-pheny]glycine- 
p-arsonic acid, ANHCH2CONHCOHNR; substituted o-phe- 
nylglycolyl derivatives of arsanilic acid, ANHCOCH2OR, 
and substituted amides of o-phenylglycolic-p-arsonic acid, 
AOCHiCONHR.

The ureide of iV-phenylglycine-p-arsonic acid (“tryparsam- 
ide”) of the foregoing series is reported upon favorably in 
pharmacological studies by Pearce and Brown.18

Hoffman,19 in connection with the relationships of struc
ture and effect, makes some remarks of significance to the 
many aspirants for Ehrlich's mantle. He believes the con
nection between chemical structure and physiological action 
has been exaggerated. Under his direction some 600 pharma
ceuticals are synthesized yearly, and “when three of these 
(about 0.5 per cent) prove of any value, the effort is consid
ered well spent.”

T o x i c i t t —The vested position of arsphenamine in therapy 
has led to a vast amount of scholarly effort to explain and 
correct its somewhat temperamental qualities. Most of 
such researches belong more properly to a review of the present 
pharmacological aspects of arsenic, but the outstanding 
works of Christiansen, Hunt, and Raiziss are worthy of men
tion in the present connection. Christiansen20 states that 
relatively toxic or nontoxic products may be obtained from 
either of the three commercially feasible processes of manu
facture of arsphenamine. The addition of so much as 5 
per cent of such probable impurities as 4,3,5-HO(OiN)r 
CeHjAsOjHj, or a mixture of 2,5- and 2 ,3-H 0(02N)C6HjAs03II2 
before reduction, caused but a slight variation in the tox
icity of arsphenamine. Methods of forming the dihydro
chloride from the base were not responsible for the variations, 
which Christiansen finally considers as dependent upon the 
conditions of reducing the parent 4,3-H0 (02N)-CeH*As0 3H2. 
He obtained products of low toxicity using hypophosphorous 
acid as a reducing agent. In subsequent articles Chris
tiansen21 concludes that there is no direct relation between 
the total sulfur and the toxicity, and searchingly discusses 
toxic types in general. Hunt22 cites three distinct toxic 
types: (a) preparations the toxicity of which was due to 
the presence of m-amino-p-hydroxyphenylarsenous oxide (ar- 
senoxide); (b) preparations the toxicity of which seemed to 
be due to the presence in the manufactured product of toxic 
substances other than arsenoxide; (c) those toxic on account 
of the presence of easily destroyable toxic principles.

Type (a) were not encountered commercially but were 
demonstrable in the laboratory. No toxic substance of 
type (6) was isolated but their occurrence is probable.

Warming and in some cases standing at room temperature re
duced the toxicity of type (c). Unique and unexplainable 
toxic types were also encountered.

Raiziss,23'24 Schamberg, and their associates have pre
pared and studied the toxicity of probable impurities in ars
phenamine, and have compared its action on animals with 
that of sodium arsphenamine, developed to avoid the ob
jections met in preparing the other arsenobenzenes. Thus 
Raiziss24 concludes from a study of commercial samples that 
neoarsphenamine is a mixture of the mono- and disulfoxyl- 
ated bases, containing uncombined sodium formaldehydesulf- 
oxylate, sodium sulfate and chloride, and methanol or water 
as impurities. The As: N  ratio is a fair index of purity.

Voegtlin and Smith25 explain the toxicity of the arseno 
compounds on the basis of their change to one type—namely, 
the trivalent oxide R As: 0 —and submit data on the condi
tions of oxidation in aqueous solutions. Thus, neoarsphen
amine shows a rapid oxidation on exposure to air and light 
amounting to 50 per cent in the first ten minutes. Roth2» 
shows that shaking alkalinized solutions of arsphenamine and 
neoarsphenamine renders them highly toxic. This they 
attribute to the formation of the “arsenoxide.” Shaking 
in the absence of air had no effect. DeMyttenaere27 gives 
an elaborate report on arsenobenzenes, their composition 
and toxicity, and states that in general toxicity was found to 
parallel the loosely bound arsenic.

C o n s t i t u t i o n —As to the constitution of arsphenamine, 
Fargher and Pyman23 state that arsphenamine contains two 
molecules of water and is free from methanol. The correct 
formula is CuH12O2N2Ass.2HCl.2H2O. British and German 
products contain 1 to 3 per cent of sulfur, probably as a sulf- 
aminic acid. The reduction of nitro compounds with sodium 
hydrosulfite in alkaline solutions leads, sometimes in part and 
sometimes wholly, to the formation of RHNSO3H. This as
sumption is further supported by a lack of equivalence be
tween the chlorine content of commercial samples of arsphen
amine and the alkali needed for neutralization. Arsenic 
sulfide and physically associated sulfur are also possibilities. 
Precipitated from methanol by acetone, arsphenamine con
tains one molecule of acetone, not removable in vacuum at 
ordinary temperatures. These findings are supplemented by 
the painstaking work of King.25

Kober30 maintains that Ehrlich’s arsphenamine contains as 
much as 7 per cent of methanol, probably one molecule free 
or combined, which probably increases its toxicity. He also 
emphasizes the increase in the tolerated dose from the Ger
man CO mg. per kg. (white rats) to the American 100-mg. 
article, and has himself prepared methanol-free arsphenamine 
above the 100-mg. standard.

Macallum31 comments upon the greater variation in the 
European arsenic drugs in comparison with the American 
products, with respect to lack of uniformity and agreement 
with the maker’s claims as to constitution.

Voegtlin32 comments favorably upon the newer sulfars- 
phenamine, an organic arsenical prepared from arsphenamine, 
formaldehyde, and sodium bisulfite, and differing from neo- 
arsphenamine by an extra oxygen in the solubilizing group. 
It is thus an ester of sulfurous acid instead of a sulfoxylate. 
The author is of the opinion, based upon extensive animal 
experiments together with the greater stability of the com
pound, that this drug will play an important part in the 
treatment of syphilis.

O t h e r  I n v e s t i g a t i o n s  o n  A r s e n i c  C o m p o u n d s

Among recent investigations which have ma,de funda
mental contributions to the pure chemistry of organic arsenic 
compounds, are those of Adams and Palmer,33 who have com
pared the action of arsine and the substituted arsines with the
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corresponding nitrogen compounds. They were able to con
dense phenylarsine, the analog of aniline, with aldehydes. 
Primary aromatic arsines react with aldehydes in three ways 
according to the conditions—i. e., R AsH2 +  R CHO — >- 
R As (CHOHR)2; *R A sIL  +  4 R CHO— H R  CHO As R)2+  
2 R  CH2OH (Adams regards this product as a phenyl sub
stituted heterocyclic ring of arsenic, carbon and oxygen); 
RAsH2 +  2R CHO — >- R -  As =  As -  R +  R CH-OH.

Quick and Adams34 have also exhaustively studied the prep
aration of aliphatic arsonic and arsinic acids, and aliphatic 
aromatic arsinic acids. These authors have improved upon 
Meyer’s method of arscnating aliphatic compounds using 
alkyl bromides and chlorides instead of the iodides and em
ploying water as a solvent. Thus, the reducing effect of the 
liberated hydriodic acid on the arsonic acid is avoided on the 
one hand, and the formation of ether greatly lessened on the 
other. The arsinic acids are prepared from the arsonic acids 
by reduction with sulfur dioxide, in hydrochloric acid solution, 
to the alkyldiochloroarsines, which are then treated with so
dium hydroxide and the alkyl halide.

Burrows“ has confirmed previous findings that arsenic is 
peculiar in not functioning as a center of optical activity. 
By treating 7 -phenyKV-propylmethylchloroarsine with 
aluminium chloride, he was able to close the ring and obtain an 
As-methyltetrahydroarsinoline.* He was, however, unable 
to resolve this and similar compounds which from analogy 
with nitrogen should give optically active products.

Rosenmund36 offers a new method of arscnation as a sub
stitute for Bart’s reaction replacing halogen in the ring 
directly by the arsenic group. Thus, the halogenated ben
zoic acids are refluxed with aqueous potassium arsenite in the 
presence of alkali, alcohol, and copper powder. This may 
offer an easy source for the rather difficultly obtainable 
m-benzarsonic acid.

One of the most useful methods of arsenating ring com
pounds is that of Bart.37 Despite the widespread use of this 
method among arsenic workers, the reaction had never been 
thoroughly studied as a laboratory process prior to the recent 
excellent contribution of H. Schmidt.38 In this reaction a 
diazo solution is treated with a neutral or slightly alkaline 
solution of potassium arsenate. The arsonic acid forms, 
accompanied by the evolution of nitrogen, according to the 
following typical equation:

C ,H sN 2C1 +  AsOjHj C„H5As0 3H 2 +  Nj +  HC1

The reaction is completed with warming in the presence of 
finely divided copper. The reaction is thus one of a group in 
which salts of arsenious, antimonious, sulfurous, and nitrous 
acids, or the free acids, similarly react, the final products 
holding the arsenic, antimony, sulfur, and nitrogen in the 
higher valence. This latter effect is usually explained by 
assuming an equilibrium in the several cases, of the type:

/O H  
As r-O H  

\O I I
As

/ H==0
—OH
\ 0 H

OH
CeHsNjOH +  A s^ O H  

\ 0 H

CjHsNsv /O H  
/As c-OH 

nO/ 'OH

C Ä N V  / O H  
>A s¿-O H

h o /  N dH

OH
CjH jAs f-O H  +  N , +  H 20  

X>

reaction is considered by the author as supporting Hantzsch’s 
theory that the syndiazo form favors diazo splitting.

The condition of formation of by-products such as benzene, 
azo- and hydrazobcnzene, aniline, and the arsenated di- 
molecular compounds of the type of phenylphenylene- 
arsonic acid are thoroughly studied.
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the reaction taking place to give a pentavalent arsenic de
rivative. Schmidt states that oxidation by the diazo com
pound is equally probable, forming an unstable compound 
which loses nitrogen and goes over into the arsonic acid.

The favorable effect of weak alkaline solutions on this

N ew  R esistant Enam el
An intensely white enamel, which exhaustive tests show is 

resistant to acids in- a degree hitherto unknown, has been de
veloped by the Paint Departm ent of the du Pont Company. 
The new enamel has been the subject of study for more than a 
year on the part of experts, and its development is expected to 
m eet the need for protection of surfaces subjected to gas or 
fumes such as are found in hospitals, chemical laboratories, 
bakeries, rubber factories, canning plants, or for the interior of. 
any factory or building where fumes are present.

Repeated practical tests show that the new enamel has a hard 
drying finish which approximates porcelain, can be easily washed, 
and will not discolor w ith age or the action of acid or alkali fumes. 
Recently in one of these tests, the material was placed in actual 
contact w ith dilute sulfuric acid, and after twenty-four hours the 
film showed no disintegration, discoloration, or other change. 
This test was a more severe one than would be encountered on a 
finished wall or article in any of the factories or institutions for 
which an enamel of this kind is intended. Other experiments 
showed that even under accentuated conditions its color sta
bility is excellent.

The company reports that the material keeps in good condition 
in the container and stays in suspension well. Another advan
tage is that an expert is not required to apply it and it is adapted 
for either spray or brush.
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Heavy Chemicals in Commerce in 1922
By D . H . Killeffer

5 0  E a s t  4 1 s t  S t . ,  N e w  Y o r k , N .  Y .

FINANCIAL conditions at home and abroad and the 
continued uncertainty of the tariff situation were 
ruling factors in the market for heavy chemicals 

during the past year. Beginning in May, 1920, the general 
movement toward the liquidation of stocks by all concerned 
continued with growing impetus well on into 1921 and more 
slowly into 1922. At the time of the presidential election in 
1920 and again immediately preceding the inauguration of 
President Harding, there was developed a passing feeling 
of hopefulness that there would be a sudden change in the 
situation. As subsequent developments showed, funda
mental unsoundness prevented such an occurrence.

By January, 1922, the greater proportion of stored stocks 
had been passed into consuming channels and had ceased to 
form quite so depressing an influence in commercial affairs. 
However, their place had been taken by continuous heavy 
imports of low-priced foreign material, and sellers in all 
lines were facing an almost identical situation. Prices had 

. been forced to levels which made profits either inconsiderable 
or negative by this influx of foreign goods below American 
costs. Promised action on measures of protection was de
layed time and again. Importers thrived on the low value of 
German exchange. N ot only were chemical raw materials 
imported, but to an even greater degree the finished prod
ucts of other industries into which these enter. Everyone 
connected with the industry, whether as a producer or con
sumer of its products, suffered acutely during the first half of 
the year.

E l e c t r o l y t ic  A l k a l i  I n d u s t r y

In the midst of this anomalous situation surprising in
consistencies developed, not the least remarkable of wliich 
was in the electrolytic alkali industry. Demand for caustic 
soda in all world markets was quite surprisingly active and 
makers had difficulty in keeping up with it on the limited 
scale on which they were operating. American caustic soda 
was even sold in quantity to German consumers through the 
Berlin and Hamburg markets in competition with the German 
product. In sharp contrast to this activity was that of 
bleaching powder and other chlorine products which are 
necessary by-products of the industry. German bleaching 
powder was sold in the New York market at as much as 25 to 
30 per cent below the minimum prices named by makers here. 
Accumulations of chlorine, hydrochloric acid, and bleaching 
powder caused grave concern in this country, especially in 
view of the continued heavy imports. This situation, in 
part at least, has led to extensive work on new uses for these 
products, and has resulted in their use to some extent in the 
petroleum industry. The first commercial plant for refining 
petroleum distillates by means of bleaching powder has very 
recently been put into operation.

Financially, the industry has been strengthened through 
its long period of liquidation by the gradual elimination of 
most of those “fly-by-night” firms which were formed sud
denly during and after the war to take advantage of the 
easy profits of the bull market then existing. This has not 
in any sense been through the freezing out of small firms by 
large ones, but has been essentially the elimination of a purely 
speculative element after the reason for its existence ceased 
to exist. Although the financial status of even the strongest

firms was not as secure as might have been desired through 
the stress period, yet the industry as a whole has been un
questionably strengthened by the removal of these highly 
disturbing influences. Consumers, who had been forced by 
the prevailing organization of business to trade through 
middle men who added nothing to the value of the goods 
handled, are now able to place their business directly with 
producers and thus avoid an unnecessary profit to sellers and 
cost to themselves. Inflation of demand beyond its actual 
proportions by the appearance of a single order to buy in the 
hands of many middle men and inflation of stocks by the 
similar multiple appearance of orders to sell had been largely 
done away with before the beginning of 1922.

The extreme uncertainty of the market under the influence 
of this re-selling element may well be illustrated by a case 
in point. At one time during 1921 an order came into the 
New York market from one of the large soap makers in the 
Middle West for a carload of caustic potash and potassium 
carbonate. This particular order was sent by the buyer to 
eight firms who had previously supplied him with these 
products but none of whom were primary producers. It so 
happened that the order was large enough to virtually wipe 
out stocks then in the hands of the only seller who could sup
ply but who had not received the order. Immediately in
quiries began to come in to this holder from all sides, and 
his natural reaction was to raise his price. When this was 
done the buyer refused to place the order and what had been 
an apparently active market collapsed in an hour. Such 
inflation was evident in the market throughout the period 
of anxious buying during and after the war. In no less a 
degree has it been noted in the frenzied selling of the past 
three years.

E f f e c t  o f  T a r i f f

The tariff as passed and the long period of uncertainty pre
ceding its passage have operated as depressing influences, 
but have not been as generally potent in the situation as 
other factors. In contrast to the organic industry, the in
organic group, generally designated as “heavy chemicals,” 
lends itself readily to quantity production, at which America 
naturally excels, and for this reason it is not illogical that the 
tariff should occupy a position of somewhat secondary im
portance in the influences controlling the heavy chemical 
market. Marked exceptions to this general rule are to be 
noted in those cases where Germany, in particular, is able to 
provide her own raw materials, as in the manufacture of 
compounds of potash and barium. In potash the lack of 
duty, especially on the crude salts, is operating as a very 
serious obstacle to expansion and even to continued opera
tion of existing plants. Barium salts received protection 
to some extent, but it is believed by many makers of these 
compounds that even the advanced rate of duty as com
pared to the Underwood rate will not be sufficient to insure 
continued operation in the face of many other disturbing 
elements.

The depressing effect of the uncertainty of the tariff was 
well illustrated by the general upward movement of prices 
after the final passage of the bill. No other upward move
ment has assumed such broad proportions since that which 
followed the war and the rapidly increasing foreign trade
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which that brought about. This movement was so sudden 
and sellers were so poorly prepared to cope with the demand 
which caused it, that conditions became immediately con
gested and forced even further advances than the actual de
mand justified. However, this feature is being cleared away 
and the trend toward normal business is developing rapidly.

C a s e  o f  A r s e n i c  T r i o x i d e

One of the most interesting features of the heavy chemical 
market during the past year has been the behavior of arsenic 
trioxide. Production in this country has been always closely 
dependent on the output of copper from which it is a by
product, and on this account it has been necessary to import 
large quantities to eke out domestic supplies for use in 
insecticides. Recently, experiments have been completed 
under the supervision of the Department of Agriculture which 
have led to the recommendation of calcium arsenate as a 
means of destroying the cotton boll weevil. This opened an 
entirely new field for the consumption of arsenicals, which 
bids fair to eclipse all others and has caused widespread 
speculation in this product during the previous buying season 
—i. e., the winter of 1921-1922. Unfortunately, the financial 
condition of the farmers generally prevented the realization 
of the hopes of the speculators, and it is only now that prices 
are reacting normally to this influence.

C y a n i d e s

One of the most interesting recent commercial develop
ments was in the field of cyanides. The manufacture of a 
low-grade cyanide froln cyanamide of sufficient purity for 
most metallurgical operations has been put on a commercial 
scale, and has resulted in quite a saving to operators of cya- 
niding plants in the West.

P r e s e n t  O u t l o o k  H o p e f u l

In general, however, the year has been notable for the 
actual accomplishment of the long-expected turn in prices 
from a general decline to an average advance.- Improve
ment in the financial condition of industry as a whole has 
been closely reflected in improvement in the chemical market. 
Buyers may be considered to have actually acquired the con
fidence so long lacking and so necessary to improved business. 
This confidence certainly is not as great as may be expected 
to grow from the present beginning, but nevertheless it is suffi
ciently well developed to lead to a decidedly more comforta
ble feeling throughout the trade. As yet few buyers are 
anticipating their wants for years ahead, but certainly they 
are anticipating for months now where they were formerly 
content to cover requirements in terms of weeks or even days. 
Certainly, there can be no room now for the widespread 
pessimism that characterized the situation of a year ago.

Commercial Developments in the Organic Chemical 
Industry, 1922

By Elvin H . Killheffer1

N h w p o r t  CmSM icAi. W o r k s , P a s s a ic , N .  J .

T h e  T a r i f f

A REVIEW of the year 1922 by any organic chemical 
manufacturer leads inevitably to a consideration of the 
tariff and its making, which has been the largest single 

controlling factor, and will undoubtedly continue to be so 
for a considerable time to come. As everyone knows, 
the tariff was certainly a very long time in the making, but 
after a number of years of uncertainty as to what its final 
form would be, a tariff bill was at last passed, and whether it 
be good or bad, it will nevertheless mark a point from which 
will be noted either progress or the lack of it in the organic 
chemical industry in America. 1922 will, therefore, be 
remembered as a milestone for the dyestuff, and, in fact, the 
entire synthetic organic chemical industry in America.

As everyone who is at all conversant with the subject knows, 
the first milestone of the industry was the situation created 
by the war. Supplies of dyes and medicines formerly im
ported were absolute essentials if our progress was to con
tinue. New plants for the production of these materials 
came into being all over the country, and the cost of their 
erection was a decidedly secondary consideration. The ma
terials they were to produce could easily be sold at a high 
enough price to offset for the time being the disadvantages 
of improper and uneconomical installations. Then the war 
ended. With it also ended- that phase of the situation that 
made almost anything possible. It was realized that we 
must produce as good products as any country in the world and 
at reasonable prices. This naturally meant that the feverish

1 Vice P resident.

development that had gone on before in an attempt to keep 
pace with the demand must cease immediately, and that in 
the future only such processes could be adopted and those 
installations made which after careful study and consideration 
showed at least a reasonable chance of being economically 
sound.

With this changed condition some of the earlier manufac
turers, who had entered the field simply because of the at
tractive profits available at the time, realized that they 
could scarcely continue unless by an entire reorganization 
of their plants, and so they quietly dropped out of the pic
ture. Others tried to continue, only to lose everything they 
had previously made, and more besides.

Those manufacturers who had gone into the thing more 
seriously in the first place, gave very serious thought as to the 
“how” of remaining in business and continuing to occupy a 
place in American industrial life. While making every effort 
to increase their efficiencies within their organizations, it 
was at once realized that some governmental protection 
also was needed if they were to stay in business long enough to 
reach a place where they could be really competitive with 
an industry so long established and so highly coordinated and 
organized as that of the Germans and the Swiss: As a result, 
much time and thought were spent in trying to devise some 
form of tariff protection which would foster the organic 
chemical industry, but which at the same time would not 
be an onerous burden on other and more important indus
tries which the newer one served.

With this thought in mind, it was naturally very difficult
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to devise any scheme that would be absolutely perfect. 
It was thought by the dye manufacturers that an embargo on 
products made here, while permitting other products to be 
readily imported at nominal T a te s  of duty, would be the 
fairest way of handling an admittedly difficult situation. 
The opponents of this proposal, while not so great in number, 
were very loud in their denunciation of this plan, and were 
also not without considerable influence, so that we have to-day 
a tariff which has abandoned the embargo plan entirely and 
has substituted tariff rates as the means of protection, 
and the manufacturers, of course, assume that this tariff is 
much more to the liking of the opponents of the embargo plan. 
No one can say at this early date what its effect will be on the 
American industry which it was designed to protect and en
courage. The impression is very general, however, that, 
while it apparently over-protects some of the cheaper prod
ucts, it is woefully inadequate on the higher-class and higher- 
priced commodities.

Uncertainty as to the future always retards progress in any 
industry. Consequently, while there has been some develop
ment during the years when it was not known what form or 
how much protection would be decided upon, nevertheless 
the uncertainty as to the outcome of the tariff legislation put 
everyone in a very cautious and fearful frame of mind, and 
the general tendency has been for all manufacturers to re
frain from extensive developments which would entail any 
great capital expenditures.

N e w  P r o d u c t s

In a sense this cessation of active new development has 
been beneficial, because considerable time and effort have been 
devoted toward the improvement of products already on 
the market. Improvement, such as referred to, is not nec
essarily confined to quality. It is more often improvement 
in yields obtained or in manufacturing methods, the tendency 
in both cases being to reduce manufacturing costs. New de
velopment has also been along much more conservative 
lines than it might otherwise have been. While the new 
products introduced were fewer in number, those that were 
brought out have been such as were actually needed to com
plete lines of high-grade fast colors, which will eventually 
make us more and more independent of foreign sources of 
supply. Illustrative of this sort of development was the in
troduction of Naphthol A. S. and its attendant products, 
Direct Past Scarlets, Diazotized Fast Scarlets, Fast Light 
Yellow, Alizarine Cyanine Green, and Direct Fast Blue like 
the old Solamine Blue F F or Diamine Fast Blue F F B, 
which were the fastest-to-light Direct Blues known. All 
these, it will be noted, are very high-grade dyes—that is to 
say, they are such as will answer the very insistent and ever- 
increasing demand for fast colors.

A survey of the entire American production of dyes is very 
gratifying in that it reveals that we are almost self-sustain
ing in this respect. Outside of a few vat dyes, a few more 
fast-to-light direct colors, a few developed colors, princi
pally Blues, and some specialties, such as those used for 
printing, this country could, if it were shut off from all foreign 
supply, still produce shades of all kinds for all kinds of fabrics 
on which dyes are used, with practically any degree of fast
ness that might be desired.

Unquestionably, future development will be along the same 
lines, and in connection with the statement before made, 
that lines now manufactured in this country are fairly com
plete, we look with confidence to the development of en
tirely new products, which will represent not only an advance 
as far as the American industry is concerned, but which will 
be a new and original scientific chemical advance in the in
dustry no matter where located.

E c o n o m ic  F a c t o r s

Progress in this, as in every other industry, depends on the 
ability of the manufacturer to convince the banker or the 
investing public as to the soundness of their investment, 
and the factor that is never overlooked by the investor is the 
possibility of profit on his investment. The thought so 
often expressed in the abstract, that we should have, and in 
fact must have, a self-contained American organic chemical 
industry, is all very well, but when a man comes to make an 
investment, he wants to see at least a possibility of a fair 
return on that investment. If, therefore, the tariff law, as 
we have it to-day, does not provide sufficient protection for 
the products on which further progress should be expected, 
then we can hardly expect that money will be invested 
freely so as to make such progress and development possible. 
The thought expressed before to the effect that the present 
tariff is woefully inadequate in its protection of the high- 
grade and high-priced commodities appears then to be par
ticularly unfortunate, because it is in this line of products 
that we would naturally look for future development, and 
if there is insufficient protection, then very naturally this 
hope for development will not be realized.

Far from having a monopoly, the American organic chem
ical industry has been highly competitive during the year, 
with the result that there has been a consistent decline in 
prices, which has not been confined to any particular group 
of products, but has been very general. The decline in price 
of many commodities has been so great that present price 
levels are actually less than the cOst of reproduction of the 
same merchandise. There is every reason to believe, there
fore, that there will be an upward trend of prices on a great 
many of these commodities so as to again establish them on a 
profitable basis. Another price-depressing influence was 
the continuing during 1922 of the liquidation of excess stocks 
which was begun in 1921. This process of liquidation, 
has undoubtedly been completed by now, so that the whole 
trend of prices must in the future be based on current pro
duction.

We have a good start in this industry. We could have been 
further ahead of our present position if we had profited by 
the years of experience of German leaders, particularly along 
the lines of coordination and cooperation. The great value 
of coordinated and cooperative effort is certainly appreciated 
to the full by the Germans—as witness the present I. G.

If our American industry needs any one thing more than 
anything else, this is the one thing it needs. Naturally, the 
antitrust laws prevent any combination like or similar to the 
German I. G., but nevertheless any efforts that have as their 
goal greater cooperation between manufacturers should be of 
great benefit. If, instead of all the duplicated effort in 
research and manufacturing, each producer had worked along 
some particular and predetermined line, then we might 
have to-day not so many duplications, but a much greater 
variety of products. Our total investment would certainly 
be no greater and might have been much less than it is.

N ew  Journal in  London

The Journal of the Society of Chemical Industry  is to undergo 
a radical change at the end of the current year. The Review  
section, which was initiated in 1917, will disappear, and in its  
place there will be issued a weekly journal to  be called Chemistry 
and Industry. This journal will be the official organ of the Society  
of Chemical Industry and of the Federal Council for Pure and 
Applied Chemistry. W ith the disappearance of the Review, its 
editor, Dr. E . H. Tripp, is severing his official connection with  
the Society, and Dr. Stephen M iall will edit the new venture. 
Dr. M iall is chairman of the Brimsdown Lead Co., and a solicitor 
by profession.
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Medicinal Chemicals in 1922
A Review of Prices, Tariff Legislation, General Conditions, and Progress during the Past Year

By J. F. Q ueeny1

M o n s a n t o  C h e m ic a l  W o r k s , S t . L o u is , M o .

THE DEMORALIZATION of prices which had pre
vailed in the field of fine and medicinal chemicals for 
twelve to fifteen months still affected the market at the 

beginning of 1922. No explanation or search for reasons is 
necessary, because it was essentially a continuation of the 
period of liquidation. There was a change in some of the 
factors which may be discussed, but prices were low and 
stationary, largely because conditions were stationary or 
uncertain. The level showed no particular inclination to 
change until midsummer, when prices stiffened perceptibly.

A factor contributing to this result was the exhaustion of 
“distress” stocks and of reserve supplies both in the man
ufacturers’ and consumers’ hands. Inventories had been 
carried at as low a margin as possible for months, until, 
with the unemployment situation greatly relieved and a 
consumers’ demand created, it was necessary to begin manu
facturing operations on a more nearly normal scale. Prices 
for such- goods were, of course, set primarily on the cost of 
production, rather than the former fictitious one of realizing 
sales or of abnormal demand. This change in the market 
aspect was a welcome one. It was reflected in increased ac
tivity throughout the industry.

A movement of prices sideways was characteristic of the 
market, until the opening of the final quarter approached. 
Then a number of factors bearing on the situation resulted 
in substantial gains over practically the entire list.

In midsummer, the striking miners in many cases were 
farming on a small scale or working in other industries; 
the railway shopmen’s strike resulted in many cases merely 
in the exchanging of positions with fellow craftsmen in other 
cities, but the situation created a demand for workers in 
those lines which was never completely satisfied as far as 
some of the roads were concerned. These factors, together 
with the activity in the building trades, made unemployment 
a rare thing by fall. With its disappearance a great restrain
ing influence was eliminated; a feeling of some certainty and 
confidence regarding the immediate future was a natural 
sequence. The final passage of the administration tariff bill 
at least let the manufacturer know what to expect in the way 
of protection from, and of competition with, foreign pro
ducers.

It must be remembered that the American chemical indus
try is now a part of productive business. It is therefore in 
line to suffer or profit with the rest of the business world, as 
long as it is not singled out for especial attack.

It may be fairly stated that the influence which causcd the 
increase in the prices of other commodities was the power 
behind the recent upheaval in the chemical industry. Stress 
has been put on the effect of our several months of extrav
agant indulgence in nation-wide strikes. This and the later 
rise in the cost of ordinary labor have been important fac
tors, but repetition of the details adds no emphasis to the 
generally agreed wastefulness of strikes, except as it points 
to a particular susceptibility of our industry to such influences.

Chemical plants, like most others, probably entered the 
period of the coal strike last spring with a three months’ 
fuel supply on hand. There were indeed few who did not

i C hairm an of the  Board.

deem this ample and to spare. But by midsummer it be
came necessary to purchase spot coal, often of poor quality, 
at the seller’s price. When this price exceeded that of crude 
oil, many plants switched to the latter, because of the more 
dependable deliveries and quality. The cost of making the 
necessary changes in the boiler room, installing pipe lines and 
storage tanks, and ultimately of dismantling all this equip
ment and changing back to coal as a fuel, was an additional 
burden.

The heroic efforts of the railroad to offset the effect of the 
shopmen’s strike could not prevent delays in transit. Dupli
cation of freight shipments of finished goods which were not 
received within a reasonable time by express shipments, and 
the frequent necessary delivery of bulky crude materials by 
express were further items of unusual expense.

In a merely casual consideration of prices, the effect of the 
new tariff is likely to be given too much weight. Concern
ing this we shall comment presently, but the more important 
factors at present are the economic conditions at home and 
abroad and the indecisive ending of the recent labor-capital 
conflicts such as in the coal industry. In this case the stage 
was left all set for repetition of the performance by the re
spective groups. This may only be prevented by a construc
tive report of the recently appointed Coal Fact Finding Com
mission, followed quickly by control legislation which must 
provide power of enforcement.

Confidence breeds confidence. The substantial gains and 
the hardening of prices beginning with the last quarter were 
followed almost immediately by the closing of an increased 
number of contracts, first for products, then for the crude 
material. These contracts, running from three to twelve 
months, are a definite indication that the present general 
level will carry over well into the new year. Further pre
dictions as to the trend are as yet speculative but promising.

T a r i f f

Broadly speaking, the Tariff Act of 1922, as it relates to 
medicinal chemicals, represents a great improvement over 
the so-called Underwood Act. Nearly all rates were in
creased, this being necessary due chiefly to depreciation of 
the German mark and the fact that costs in Germany of labor, 
materials, etc., did not advance in sympathy with the fall in 
the value of German currency. However, there are many 
individual items of great importance, the manufacture of 
which should be continued in this country and which appar
ently did not receive appropriate rates. This is particularly 
the case with several of the non-coal-tar synthetics, such 
as chloral hydrate, barbital, etc.

The tariff-making bodies of Congress rejected a plea for 
a 25 per cent ad valorem rate- on synthetic camphor, a 
rate which would have assured American independence on 
this important product as against our present complete 
dependence on a Japanese monopoly. As this requested rate 
was not to apply until production reached at least 2,000,000 
pounds per year, it is hard to understand why so reasonable 
a proposal was rejected, when it is remembered that practically 
all the simple synthetics, as well as the inorganic medicináis, 
were given at least a 25 per cent ad valorem rate.



24 IN D U STR IA L A N D  ENGINEERING CHEMISTRY Vol. 15, No. 1

The rates for the high-priced coal-tar synthetics may prove 
inadequate as the specific of 7 cents per pound, as named in 
paragraphs 27 and 28, is of small value in protecting such of 
those items selling for more than 81.00 per pound.

Credit must be given for the insertion of paragraphs 315, 
310, and 317 in the Tariff Act of 1922, as under their provi
sions the President is given unusual latitude (with certain 
limitations in the case of coal-tar chemicals) to review 
schedules, to change the basis of valuation, and to combat 
effectively cases of discrimination against American-made 
goods as compared with those of other nations. Such drastic 
measures are only necessary to render the probability of 
their use negligible.

Perhaps the greatest virtue to be claimed for the whole 
tariff law is recognition, of the value and the provision for 
broadening the activities of the Tariff Commission. The 
power vested in the President is, after all, only nominal, 
since he cannot act on any proposed change in the tariff 
bill as passed, except after investigation by and (by implica
tion, at least) in accord with the report of the Tariff Commis
sion. This general provision is a plain admission by Con
gress that the proper regulation of tariff matters involves the 
consideration in detail of too much technical information 
to be left to any but a group of impartial experts in the par
ticular field concerned. The Tariff Commission when com
pletely organized will have such experts in its employ as are 
necessary to handle properly the cases referred to it for in
vestigation. This is not only an important advance in the 
administration of what we feel is otherwise quite a mediocre 
measure, but the future may show that its greatest value lies 
in the existence of a well-organized and authoritative body for 
assisting in the framing of succeeding tariff bills intelligently.

It is the hope of the present commission, as expressed by 
Vice Chairman Culbertson, that tariff making in the future 
may cease to be the periodic cause of economic upheaval and 
uncertainty; that the appeals of proponent and opponent, 
instead of being made to respective individuals or groups of 
legislators known to lean toward the cause of one or the 
other, will be presented, so to speak, in open court before the

impartial Tariff Commission. The latter having facilities 
for independent investigation may proceed to gather any 
additional data which may be necessary and quickly render a 
decision based on and supported by the indisputable facts. 
Such procedure is fair, it is direct, it is economical, and as 
applied to our industry—we must add the important quali
fication—it is scientific.

N e w  P r o d u c t s

Under the circumstances which have prevailed during the 
past two years, it is natural that the American manufacturers, 
as well as those abroad, have confined their principal efforts 
to the perfection of processes and more economical production 
of the materials for which a demand existed. That research 
of an active, thorough and forward-looking type has not been 
entirely suspended by our manufacturers, has been shown 
directly, however. Perhaps the best example is the recent 
formal introduction by the Abbott Laboratories of a new 
synthetic local anesthetic. This product is the result of 
several years of pioneer work, during which Dr. Roger 
Adams and coworkers collaborated with the Abbott staff. 
That other innovations of a similar character will be brought 
forward from time to time is to be expected of this type of 
applied science.

C o n c l u s i o n

The medicinal and fine chemical industry has carried its 
full share of the burden of uncertainty. The current im
provement in business conditions is most welcome and it is  
believed that the low prices of the reconstruction period 
are back of us, as far as the medicinal chemicals are con
cerned. The great changes which have occurred throughout 
the world within the past few years and the leadership as
sumed by America necessitate our chemical independence, 
and it is hoped that lack of friendly cooperation of our gov
ernment agencies will not militate against the heroic efforts 
and substantial accomplishments already made by commer
cial institutions in this field.

To Commemorate Benjamin Silliman
On April 4, 1804, Benjam in Silliman delivered the first lecture 

on chem istry ever given in Yale College. On April 4, 1923, 
Y ale University will dedicate the new $2,000,000 Sterling Chemi
cal Laboratory, w ith  the A m e r i c a n  C h e m i c a l  S o c i e t y  as a 
guest. This date was chosen in order to commemorate the  
beginning of chemical instruction in Yale.

Benjamin Silliman graduated from Yale College in 1796 at 
the age of seventeen. Two years later he returned to N ew  H aven  
as a student of law, and in 1799 was appointed a tutor in the 
college, a t the sam e time continuing his study of law. A t 
about this tim e the Yale Corporation voted to establish a pro
fessorship in chemistry and natural history. President 
Dw ight felt that it would be better to select a young man of 
proved ability and high character and give him time and as
sistance in order that he m ight prepare himself for the work, 
rather than to  risk the appointm ent of even a distinguished  
man who would be a stranger and probably a foreigner. In 
the fall of 1802, Benjam in Silliman was formally elected to this 
position. H e im m ediately w ent to Philadelphia and began 
liis studies of chcm istry under Dr. James Woodhouse, of the  
M edical School of Philadelphia. Associated w ith  Silliman as 
a fellow student and intim ate friend was Robert Hare, the  
inventor of the- oxyhydrogen blowpipe. During his stay in 
Philadelphia, Silliman also had the opportunity of meeting Dr. 
Joseph Priestley. In March 1804, Silliman returned to  N ew  
H aven to take up his professorial duties. H is own account 
of his first lecture is given in his published reminiscences.

M Y  F IR S T  L E C T U R E — April 4, 1 SO 1. In  a  public room , h ired ,fo r 
college purposes, in M r. T u t t le ’s building on C hapel S treet, nearly  opposite 
to  th e  South  College, I  m et th e  Senior class, and read  to them  an  in tro-

rluctory lecture on the h isto ry  and  progress, n a tu re  and  objects, of chem is
try . I continued to lecture until the  Senior class re tired  in Ju ly , p re p a ra to ry  
to  their Com m encem ent in Septem ber. M y first efforts were received w ith 
favor, and th e  class which I  then addressed contained men who were a fte r
wards distinguished in life.

At the close of the session of 1805, Silliman set sail for England' 
on a m ission from the college to  buy books and apparatus, and. 
at the sam e tim e to spend another year in study. There he. 
m et W illiam Henry, whose treatise on chemistry he afterwards 
revised and edited, Dalton, Sir Hum phrey D avy, and other  
distinguished scientists of the day. W hile in Edinburgh, Silli
man became very much interested in geology, and in his subse
quent career he devoted as much tim e and effort to geology as 
to  chemistry.

Returning to  America, -Silliman took up again his teaching  
duties, continuing as a  professor until 1855. During that tim e  
lie not only taught the chcm istry and geology in Yale College, 
but delivered a large number of popular lectures all over the- 
United States, gave much of his tim e to public activities and  
developm ent of new industries, particularly the petroleum  
industry, and founded and through his lifetime edited the A m eri
can Journal of Science. Professor Silliman was a gifted writer 
and brilliant public lecturer, a great teacher, and a broad-minded, 
and public-spirited citizen, enjoying the confidence and friend
ship of the leaders of his day, among whom were Daniel W ebster, 
President Adams, President Jackson, and Lafayette.

I t  is indeed fitting that Y ale U niversity and the A m e r i c a n  
C h e m i c a l  S o c i e t y  should honor the memory of one of the. 
pioneers in the teaching of chemistry in America by dedicating - 
a great research and teaching laboratory on the anniversary of: 
the first lecture delivered by Benjam in Silliman in Yale.



January, 1923 IN D USTRIA L AN D  ENGINEERING CHEMISTRY 25

Die Castings
By Sam  Tour

D o e h i.b r  D ie  C a s t in g  C o . ,  B r o o k l y n , N .  Y .

D IE CASTINGS, as referred to in this article, are cast
ings made by forcing molten metal, under pressure, 
into a metallic mold or die. The casting of metal into 

metallic or permanent molds was practiced many centuries 
ago, but the application of force or pressure to this process is 
somewhat in the nature of a recent development, although 
machines for doing this were developed almost fifty years ago. 
The history and evolution of the process,1 as well as the 
various types of casting machines,2 and the various types of 
alloys that are commercially die cast and their general prop
erties, have all been ably described by Mr. Charles Pack.3

A l l o y s  C a s t

Die casting, as it was first developed, was limited to tin and 
lead base alloys having melting points not exceeding 350° C. 
A  short time later, zinc base alloys having melting points up 
to approximately 450° C. were introduced. This was the 

1 status up until about 1914, when the die casting of aluminium 
base alloys, with melting points up to 650° C., was developed 
•on a commercial scale. In other words, the tendency has 
been to go to alloys of higher and higher melting points. The 
proposed steps after aluminium alloys are the brasses, and 
•then the bronzes, and so on to cast iron and then to steel. 
In this progression, not only do the melting points increase, 
but also the total heat to be absorbed by the die increases. 
In Table I the figures have been largely taken from “Metal
lurgical Calculations” by Richards. To the left are the 
metals considered. With the exception of brass and cast 
iron, the elements have been chosen as they illustrate the 
point sufficiently* and also because there do not exist in 
technical literature many data of this nature concerning al
loys.

It will be noticed that each stop forward in types of alloys 
has been in the direction of higher temperature and greater 
heat to be absorbed by the die per casting made. It is this 
increase in temperature and heat that has for the last decade 
retarded the development of the art and industry of die 
casting.

Die-casting machines and die-casting dies are complicated 
and expensive, and unless a considerable number of castings 
can be made from such equipment before it becomes un
serviceable the whole process must fail.

1 Proc. Engineers’ Society o f Western Pennsylvania, 33 (1918).
2 “ D ie Castings and  T heir A pplication to  th e  W ar Program ,”  A m . 

In s t. M in ing  Met. Eng. Bull., 146.
1 P aper presented a t  the  spring m eeting of the  American Society of

M echanical Engineers, in  1920.

L i f e  o f  D i e s

For tin and lead alloys having casting temperatures ap
proximately 332° and 427° C. and heat-absorption values 
of 192 and 178 cal. per ce., respectively, dies made of plain 
carbon machinery steel without heat treatment will last al
most indefinitely, so far as heat effect is concerned. For 
zinc alloys having casting temperatures up to 519° C. and 
heat absorption values of approximately 450 cal. average
sized dies made of plain carbon machinery steel not heat- 
treated will develop heat cracks or thermal-fatigue cracks 
after having made from 20,000 to 30,000 castings. These same 
dies properly heat-treated will make 50,000 to 75,000 cast
ings before developing these cracks. By using a high-grade 
alloy steel a life of 40,000 to 50,000 castings can be ob
tained in the non-heat-treated state, and by proper heat- 
treatment of this steel dies can be made having a life of over 
100,000 castings. For aluminium alloys having casting tem
peratures up to 757° C. and heat-absorption values approxi
mately 562 cal., the life of a die is very much less. The type 
of steel at present used for dies for die-casting aluminium al
loys will, if not heat-treated, develop heat cracks before 1000 
castings are made. This same steel properly heat-treated 
will give the die a life of from 10,000 to 15,000 castings. 
For brasses having casting temperatures around 1000° C. 
and heat-absorption values approximating 753 cal. no ma
terial has as yet been found that, even when heat-treated, 
will result in a die with a life of over 1000 castings.

T h e r m a l  F a t i g u e  o f  D i e s

The heat cracks referred to above are very clearly shown 
in Figs. 1 to 4, inclusive. Fig. 1 shows the initial casting 
made from the die in question; Fig. 2 shows the sixteen- 
thousandth casting from a duplicate die. Fig. 3 shows the 
die block itself after the making of about 20,000 castings; 
and Fig. 4 shows an enlarged view of a portion of Fig. 3. 
As this was a casting much larger than the average, the die 
began to heat-check after only 5000 or 6000 castings were made. 
It is, of course, seldom necessary to discard a die when it 
first develops heat cracks. As well illustrated in the photo
graphs, the heat cracks in the die result in a network of fins 
on the casting. The die can be used until these fins develop to 
the point where they cannot be economically removed, or 
until they interfere with the operation of the die.

The mechanism of the action which results in heat cracks 
in a die is very similar to that described by Tchernoff.4 While 
the die is filled with the molten alloy suddenly forced in under

« "O n the Erosion of Steel G uns by Powder G ases," Rev. metal, 1915.

T a b l e  I

M elting
Point
°C.

S y m b o l  M . P. 
F o r m u la  . . . .
T in 232
Lead 327
Zinc 419
A lum inium  057 
Brass 900
Coppcr 1083
C ast Iron  1200 
I r o n  1535

Specific 
H eat 

0 ° to  M . P . 
Sw

0.058
0.036
0 .1 1 2
0.273
0.100
0.125
0.150
0.150

H eat in 
Solid a t  

M . P. 
C al./G .

Q*
M . P. X  S m 

1*4.34 
11.60 
45 .20  

167.40

L aten t 
H eat of 
Fusion 
L .H .

13.82
6.00

22.60
90.90

118.70 43 .30

256.00 .00

H eat in
Liquid Specific
a t  M . P . H eat of 
C al./G . Liquid

Ql SI
Qs +  L . H .............

26.16 0.060
17.60 0.040
67.80 0.179

258.30 0.308

162 .'ÓÓ 0. Í56

322!ÓÓ 0*2ÓÓ

Casting Super- 
Tem p. heat

° C. ° C. 
tc ts

  Tc —M . P.
332 100
427 100
519 100
757 100

(1000)
1233 150

1735 200

H eat in
L iquid Tem p, of

a t  T c Rem oval 
C al./G . ° C.

Qc tr
Q l + t s S i  . . . .

32 .16  100
21 .62  150
85.70 200

289.10 300
130.00 400
185.40 500
245.00 600
362.00 750

H eat 
Rem oved 
per U nit 
W eight 
C al./G .

Qwr 
Qc — trSm  

26.36 
16.22 
63.30 20S.20 
90.00  

122.90 
155.00 
236.40

Specific
G rav ity

d

7 .29 
11.00

7 .10
2 .70  
8 .40
8 .30 
7 .50
7 .70

H eat 
Removed 
per U nit 
Volume 

C al./C c . 
Qvr 

dQwr 
192.1
178.4
449.5 
562 
753

1020
1162
1820
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F i g .

pressure, the extreme surface of the die is considerably heated 
but very quickly cooled by the conduction of the heat back 
into the underlying metal. If an elementary prism of metal 
(ibfccfb, Fig. 5) free of surroundings is heated in the described 
manner, on the end surface, cc, it would expand to a shape 
bfeejb. If, however, it  were held in sidewise constraint, as 
it would be in a die, the shape assumed during the transient 
heating would be bddb. It is apparent that if the heating has 
been high enough the surface layers will be overstrained in 
compression and the metal at the surface will be plastically 
deformed. During cooling, therefore, the surface dd will 
contract more than enough to relieve the induced com
pressive stress, and a state of tension will exist in the cold sur
face now slightly higher than the original cc. If the range of 
temperature in the cycle is sufficiently high and wide, the 
stresses set up may develop cracks in only one cycle. 
Messrs. Guillet, Galibourg and Beuret5 found it possible to de
velop heat cracks at will by pouring a little molten copper on

‘ Ret. melal., 1921.

1

a flat hardened surface and then immediately drenching with 
a strong jet of water. If the range in temperature is not suffi
ciently high and wide to develop cracks in only one cycle but 
is sufficient to cause a slight amount of permanent deformation 
of the surface, then for each cycle the surface is alternately 
stressed in compression and tension. Under these conditions 
cracks will develop after a certain number of cycles. If the 
range in temperature is not sufficiently high and wide to 
develop permanent deformation, then the stresses in elements 
parallel to the surface will alternate between compression and 
zero and the stresses in elements perpendicular to the sur
face will alternate between tension and zero. As found by
H. F. Moore, of the University of Illinois, if this alternation 
of stresses is above the “endurance limit” of the material, 
it will cause fatigue failure (thermal-fatigue, heat-checking, 
heat cracks) after a certain definite number of cycles. The 
distance these stresses go beyond the “endurance limit” 
will determine the number of castings which can be made in 
a die before it develops heat cracks.

F lo . 2
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The normal net result of the cycle described above and 
illustrated in Fig. 5 is shown in Fig. 6. But in die casting 
the cycle is not allowed to take this normal course. Just 
as soon as a crack appears, molten metal is forced into it 
at the start of the next cycle of operations and stays there 
while that cycle is completed. This metal in the crack 
acts like a wedge and spreads the crack wider and drives 
it deeper. In Fig. 4 it will be noticed that some of the heat 
cracks are white while others are black. The white ones 
are those in which the wedge of aluminium completely fills 
the crack, while the black ones are those from which the 
fins on the casting shown in Fig. 2 were derived. Even the 
cracks which appear black are not free from aluminium. 
An investigation under the microscope of a properly polished 
and etched specimen shows aluminium in the bottom of 
every crack.

A l u m i n i u m  D i e  C a s t i n g

That this situation in regard to thermal-fatigue of dies 
is the most important hindrance to the development of the

made during the last few years in type of alloy steel used for 
dies and in methods of heat treatment have resulted in 
Curve 4 and have made possible the expansion of the alu
minium die-casting industry to its present status. Upon 
further improvements along this line depends further ex
pansion. With each few thousand average increased life 
of die the less expensive aluminium die castings will be
come and the more uses will be found for them. Die-casting 
concerns throughout the country are continually experi
menting. Hundreds of steels and other ferrous alloys 
and many nonferrous alloys are being tried under actual 
service conditions. It is possible that a better steel or ma
terial or type of treatment for aluminium die-casting dies 
is in its final development stage at this moment. That 
such a development can be made and not become known 
for some time is quite possible, owing to the attitude of 
secrecy adopted by practically all the die-casting concerns 
in regard to these matters.

Efforts in the direction of developing a new material 
are being made along the following lines: (a) steels which 
have greater normal strength; (6) steels which retain their 
strength at high temperatures; (c) steels which retain their 
hardness at higher tempering temperatures; (d) steels which 
have the property of red hardness; (e) materials with lower 
thermal coefficients of expansion than steel; (/) materials 
which will give service equal to that 
now given by heat-treated alloy steels d, 
but which will not give the usual trouble «T 
in hardening; and (g) machinable ma
terials not requiring heat treatment.

B r a s s  D i e  C a s t i n g

F ig . 4

die-casting industry is clearly shown by the curves in Fig. 
7. In these curves casting temperatures are shown as ab
scissas and thousands of casting until the appearance 
of heat cracks are shown as ordinates. The improvements

In considering brass die castings an
other difficulty is encountered. Heat- 
treated alloy steel dies have been found 
best for aluminium die casting at 750°
C., but brass must be cast at 1000° C.
The extreme surface of the die does not 
reach the same temperature as the 
molten alloy forced into it, but reaches 
a temperature variously estimated for 
aluminium die casting of 550° to 650° C., and for brass die 
casting at from 800° to 900° C. Between these two tem
peratures lies the transformation range for most steels. 
For brass die casting the simple thermal expansion and
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contraction illustrated in Fig. 5 is almost overshadowed by 
the changes in volume resulting from changes of state and 
by the neutralizing effects of these changes of state upon any 
previous heat treatment. This is all further complicated 
by the decrease in strength and hardness of the steel when at 
elevated temperatures and further by the alloying or solvent 
properties of molten brass on steel. Just as improvements 
have been made during the last few years in the alloy steels

used for aluminium 
die casting, it can be 
expected that the 
next few years will 
bring further im
provements, but it 
is indeed doubtful 

if any simple alloy steel will be found that will make brass 
die casting a commercial possibility.

The steel industry has for many years used cast iron for 
ingot molds, but this is a case of permanent mold casting 
and not die casting. Dimensions, surface, and life are not 
so important, no appreciable amount of machine work is done 
on the molds, the metal is not forced in under pressure nor 
instantaneously, the molds are not rapidly cooled, and the 
weight of the mold is small compared to the weight of steel 
cast. In die casting, the force and pressure behind the 
molten alloy cause it to come into much closer contact 
with the mold or die, and much more suddenly, so that 
the heating conditions are many times more severe than in

Fics. 0

ing approximately 200 castings. Brass die casting is further 
complicated by the shrinkage and high strength of brass 
and the resultant gripping of cores before they can be removed. 
Cores must be hard enough so that they will not score, 
must be strong and tough enough so that sharp corners 
will not be eliminated, and must be strong enough to with
stand the force necessary to extract them from the casting.

The development of a lubricant or coating material which 
will not gasify and cause blowholes in the metal, but which 
will act as a protective film between the die and the hot 
metal and at the same time as a lubricant for cores, is cer
tainly to be looked forward to. Such a lubricant or coating 
would materially cut down the rate of heat transmission to  
the die, and in doing so would not only cut down the maximum 
temperature to which the die surface is heated but also 
will lower the pressure it is necessary to apply to the molten 
metal in order to make it fill the cavity in the die.

A Good Beginning!
In an editorial in our Novem ber, 1922, issue, we called atten

tion to the need of supplying chemical facts to those who have  
the making of our country’s laws, with the suggestion that Local 
Sections undertake the task of furnishing their congressmen 
w ith information which they should have in order to best serve 
the interests of the chemical industry. The following letter, sent 
to an Indiana representative, is the first response of which we are 
aware. M ay there be others!

F io . 7

permanent mold casting. In die casting, the mass of the 
mold or dies is very great compared to the casting itself, 
and therefore the rate of cooling of the extreme surface of 
the die is many times greater than is the case in permanent 
mold casting. The foregoing explains why a piece of cast 
iron, such as regularly used for steel ingots molds, when 
used in a die for brass die casting developed excessive heat 
cracks before fifty castings were made. Under similar 
conditions heat-treated alloy steel such as has proved best 
for aluminium die casting developed heat cracks after mak-

H on. A. J. H ickey, Novem ber 23, 1922
Laporte, Ind.

D e a r  S i r :
You m ay not be aware that in this (South Bend) district, 

which includes the counties of Elkhart, St. Joseph, Starke, 
Marshall, and Laporte, there is a  Local Section of the American 
Chemical Society.

Naturally there is little  need to remind you of this organiza
tion in which all reputable chem ists and chemical engineers 
are enrolled, but it  m ight be worth while to tell you of the ob
jects of the Society. The objects are the advancem ent of 
chem istry and the promotion of chemical research. This, you  
can see, has nothing to do w ith selfish m otives, or organization 
for profit.

W ith such an aim in view, every American chem ist desires, 
the beneficial promotion of chem istry in America. The record 
of this branch of industry in  the war will tell you its importance. 
As to your personal interest we are unaware, so we are writing to- 
tell you we are quite ready to  assist you should you wish to ac
quire information on any branch of chem istry that m ay not be  
clear to  you, or on some particular phase on which you w ould  
like to be more thoroughly informed. Also, we wish to add 
that w ith  the concentrated com petition of foreign products, it 
does not seem right that our own chemical industries should suf
fer extinction.

W e are enclosing a small digest, or “syllabus,” which will be 
worth while looking over, as it will give you an idea of the field of 
chemistry in America to-day. Please consider that twenty years- 
ago there were hardly tw enty chem ists in the state of Indiana.

W e have nothing to ask except confidence and nothing to sell, 
except service; therefore, please accept our cooperation and coun
sel to the common end of a more unified and com plete country.

Our Section has expressed a desire to have you w ith us a t one 
of our regular m onthly m eetings when convenient for you. It  
is anxious to  hear some of the chemical .problems which con
front our congressmen. W e should, indeed, appreciate an op
portunity of having you talk to  us on this subject, perhaps to  
the better understanding of us both.

Very truly yours.
Secretary

The South African Journal of Industries announced that the  
cover of the November, 1922, issue is of South African manufac
ture, having been made by the Premier Paper M ills, Klip River, 
Transvaal. This is the first occasion on which any South Afri
can journal has been issued with a cover of locally made paper.
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W hite  Metals
By f m ,  A. Cowan

N a t io n a l  L b a d  C o ., N e w  Y o u r ,  N .  Y .

N  THE CLASSIFICATION of alloys, as established by 
ordinary usage, the term “white metals” is understood to 
designate alloys of lead, tin, and antimony. In some cases 

copper also is one of the lesser constituents, and alloys con
taining zinc may be included, but aluminium alloys are clas
sified separately. Fusible alloys containing bismuth and cad
mium are included as white metals. The nomenclature of 
most alloys of this class is based on the purpose for which they 
arc used, the principal ones being bearing metals, solder, 
type metals, and casting metals. The names of the first 
three describe specifically the purposes for which they are 
used. They consist essentially of white metals, although the 
term “bearing metals” also covers bearing brasses or plastic 
bronzes. Casting metals, composed of white metals, are 
used for toys, plated articles, storage battery grids, bullets, 
etc., as well as in the manufacture of what are commonly 
termed “die castings.” The development of standardized 
metal parts by die-casting to accurate size has resulted in 
large-quantity production by this process, bearing linings of 
white metal being frequently so made and in some cases 
die-cast directly on a brass back. The development of the 
die-casting industry has been very rapid, and a great deal of 
work has been done on the investigation of the alloys most 
suitable for the various purposes for which die castings are 
now manufactured. Rapid advances have been made in the 
art, and the alloys utilized have covered a wide range of compo
sition, aluminium and zinc base alloys being used to a large ex
tent. Since the subject covers a broader field than white 
metals as defined above, alloys for die castings will not be 
considered here.1

There are two additional kinds of white metals, the names 
of which are not derived from their fields of service. These 
are pewter and Britannia metal, the former being now very 
little used, while the latter is employed to some extent for 
silver-plated ware. Since they are of comparatively small 
commercial importance, and no noteworthy developments 
have been brought out in connection with them, these alloys 
will not be discussed.

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

The use of white metal alloys as lining metal for bearings 
has developed greatly since the introduction by Isaac Bab
bitt of a tin base alloy now commonly called “Genuine 
Babbitt.” There is need of a comparatively soft metal as a 
lining for bearings to provide a bearing surface that is softer 
than the metal of the shaft, and that is sufficiently plastic to 
conform to any irregularities in alignment or running. Such 
a metal prevents wear of the shaft, and provides for the eco
nomical replacing of the lining when it is itself excessively 
worn. Metals of homogeneous structure such as possessed 
by pure metallic elements might have the requisite qualities 
of softness and plasticity, and yet they have been found 
unsuitable for bearings. Metals which have proved satis
factory are alloys of heterogeneous structure having hard com
ponents imbedded in a softer ground mass. When properly 
cast so that the hard components are more or less uniformly 
distributed and interlaced throughout the softer matrix, a 
structure is provided which is sufficiently resistant to pressure 
and yet has requisite plasticity. In actual service, such an

1 See T our, “ Die C astings,”  p. 25 of this issue.

alloy has strength to withstand the load and sufficient hard 
ness of the rubbing surface, while the softer plastic matrix 
imparts to the metal the property of flowing under pressure, 
thus enabling it to conform to any irregularities in the run
ning of the shaft. These requirements in the structure of al
loys have long been established as constituting satisfactory 
bearing metals. It has more recently been recognizcd that 
under the ideal condition of running, which requires an un
broken film of lubricating oil, the question of friction and wear 
on the bearing linings is of very little moment, and it is only 
when the film is broken that the peculiar properties of the 
bearing metal come into play. An important requirement, 
therefore, in the-design of bearings is to insure as far as pos
sible the maintenance of a perfect oil film. It is now believed 
that in the characteristic structure of alloys previously 
found best for bearings, where the interlaced crystals of the 
hard component are brought out by wear and the softer 
metal of the ground mass is depressed, the resulting for
mation of grooves and hollows, although almost infinites
imal in size, tends to retain the oil film, somewhat as by capil
lary action.

For many years the practical development of bearing 
metals simply followed rule-of-thumb methods, alloys being 
made up to certain formulas according to hearsay or because 
of customary practice, without real study of the relation of 
actual requirements to the structure of the alloya-employed. 
As careful investigations have been made of the properties 
of alloys required to render them serviceable for bearings, it 
has been found that many long-established ideas were based 
simply on prejudice or lack of full knowledge, and that a 
change in grade of metal should be made in order to give 
best and most economical service. This has resulted in 
finding many cases where drastic changes have been desira
ble, such as substitution of a tin base alloy for a lead base 
alloy, or vice versa, and also where slighter changes in compo
sition could be made to produce greater uniformity. However, 
this situation has frequently been taken advantage of by un
scrupulous dealers to persuade the nontechnical consumer 
that there was some peculiar quality in the particular brand 
of alloy of his manufacture, whereas the demonstrated differ
ence has in fact been due only to change in grade or composi
tion of the alloy. Following this, many manufacturers have 
made extravagant claims of exceptional quality in alloys of 
their make based on secret processes, addition of substances 
said to be impossible to be found by analysis, or presence of 
small amounts of elements, which may appear to give im
provement in one direction but may be actually detrimental 
on the whole. These claims are often presented in a pseudo
scientific manner, and have been a frequent cause of mislead
ing the user having little technical knowledge. It is now well 
established that such methods are both unwise and unneces
sary, since the best alloys can be made by the use of good 
practice in the art based on skilful experience and well-know'n 
metallurgical principles.

Alloys of wide variations in composition have been sug
gested and put into practical service as bearing metals. In 
many cases these have varied from each other by only small 
percentages of the constituent elements, so that the difference 
in actual properties has been slight. It is now the tendency 
to concentrate on a fewer number of formulas, selected as
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giving the best characteristics in each grade, as based on 
the properties conferred on the alloy by its structural com
ponents. This has been recommended by committees of the 
War Service Association of Manufacturers of Solder and 
Bearing Metals and of the American Society for Testing 
Materials. The grades specified can be classed very roughly 
as lead base, tin base, and intermediate grades. The latter, 
containing considerable amounts of both lead and tin, have 
as a structural component the eutectic mixture of these two 
elements. This has a low melting point, while the other 
components have a higher one, thus giving a wide range of 
temperature through which the metal continues to freeze in 
cooling. Partly on account of this and the presence of the 
eutectic mixture, these alloys have certain undesirable 
characteristics as bearing metals and are being largely elim
inated in favor of either tin base or lead base alloys. They are, 
however, suitable for a special purpose, where very thin lin
ings are desired, requiring a high degree of fluidity in pouring 
and the quality of adhering well to the metal in connection 
with which they are used as a lining.

A new alloy has been introduced as a bearing metal which 
has given excellent results in service. It is known as Frary 
metal and consists of an alloy of lead with only small amounts 
of barium and calcium. Although it contains approximately 
98 per cent of lead, the added elements impart to it a hardness 
similar to that of other bearing metals, and also similar 
structural characteristics. It is used in the same way as 
other white metals for bearing linings, and has besides been 
found to give extraordinary service when cast in form of the 
entire journal for bearings of railway cars, particularly on 
interurban electric railways.

The study of the application of alloys to the needs of their 
service as bearings is based on the proportions and methods 
of distribution of their several structural components—  
namely, solid solution, eutectic mixture, chemical compound, 
or pure metal. Difference in hardness of the separate crys
tals of microscopic size comprising these components can 
now be investigated by means of an apparatus called the 
“Microcharacter,” recently developed by a subcommittee 
of the American Society of Mechanical Engineers, C. H. 
Bierbaum, Chairman. This apparatus is to be applied to 
the general study of alloys by the Subcommittee on Micro
hardness of the American Society for Testing Materials.

There is more attention now being given to the question 
of proper pouring temperatures and rate of cooling in casting, 
as determining the distribution of structural components 
without undesirable segregation in bearings when put into 
service. The properties of each separate casting of an alloy 
as influenced in this way depend upon its particular treat
ment since last remelting.

The need is now recognized of giving consideration to 
changes in properties of the alloys which take place at tem
peratures attained by bearings while running in actual service. 
Some work has been done on determining the properties of 
certain bearing metals at elevated temperatures.

S o l d e r

There has been little change in the composition of alloys 
used for solder. For ordinary soft solder, lead tin alloys have 
been consistently used. They have the following qualities 
requisite for the purpose: low melting point, high degree 
of fluidity at temperature only little above the melting point, 
and property of adhering well to surfaces of most other met
als.  ̂ Although the alloy having the composition of the eu
tectic mixture— 63 per cent tin and 37 per cent lead—is 
actually best in these respects, there is seldom need of using 
it , since the 50/50 alloy is about as serviceable. The latter 
contains some excess of lead, which, however, does not

solidify at a temperature sufficiently above the melting 
point of the eutectic to affect the practical working qualities. 
The advance which has been made in the practice of soldering 
has been in adapting the composition of the alloy to require
ment of the work in hand as determined by the proportions 
of eutectic and excess lead.

The alloys of this series within a short range of composi
tion contain such proportions of these two components that 
they acquire the property which is of value in making 
a so-called wiping solder. The metal becomes plastic 
on cooling when passing through a comparatively long 
range of temperature wherein it is partly fluid and partly 
solid. This property is valuable in wiping pipe joints, the 
solder being applied in this plastic condition and held in 
place until entirely solidified. It was formerly a frequent 
practice to allow the individual workman to use his personal 
skill in mixing wiping solder to the proper composition by the 
addition of tin or lead. With better knowledge of the proper
ties of the alloys, the workman is now usually provided with 
solder ingots of the correct composition and not allowed to 
make any change.

During the war, when there was a scarcity of tin, an alloy 
made by replacing some of the tin with a less amount of 
cadmium was suggested for solder. The composition recom
mended, and on which much work was done by the U. S. 
Bureau of Standards, was 80 per cent lead, 10 per cent tin, and 
10 per cent cadmium. However, since the war this cadmium 
solder has not been commercially used. The addition of a 
small amount of phosphor tin to solder has also been fre
quently suggested for the purpose of replacing to some ex
tent the full amount of tin otherwise required in certain 
grades. Such an alloy, however, has not been found fully sat
isfactory.

In the manufacture of electric lamps with tungsten fila
ments, which attain a higher temperature than the old 
incandescent lights, a high melting-point solder is required, 
for which purpose an alloy containing a comparatively low 
amount of tin is used.

Progress has been made in applying solder by means of 
automatic machinery and by dipping in connection with large 
production of standard parts or finished articles. An im
provement in commercial practice of selling solder by brands 
was long ago made by many manufacturers in doing away 
with an old custom of misbranding. It was formerly the uni
versal custom to sell most grades of solder as “half and half,” 
whether or not they were actually 50/50. Some qualification 
was made by branding the different grades as “warranted,” 
“strictly” or “commercial half and half,” but the latter 
grade contained as little as 37 per cent of tin. Such mis
branding has now' been stopped, as the result of a United 
States Supreme Court decision.

T y p e  M e t a l s  •

The introduction of type-setting machines in the printing 
industry has brought about necessary variations in the per
centage composition of type metals. Change has resulted 
also on account of the general practice of using the type form 
first set simply as a die in preparing papier-m&ch6 matrices 
for casting the plates which are actually used for printing. 
The latter are called “stereotype plates,” and this method of 
printing is carried out in general where a great many impres
sions are to be made, as in newspaper, magazine, and book 
work. The harder alloys formerly required for small type are 
now less needed, and for some kinds of type metal, as lino
type, alloys consisting of eutectoid mixtures of lead, tin, and 
antimony are most suitable. In this case sufficient strength is 
assured by the fact that the face of the type is cast as a con
tinuous slug of metal the length of one line of type. For the
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various kinds of type-setting machines alloys are required hav
ing in general the following properties: low' melting point, 
with solidification taking place in cooling either at one sharp 
point or else within a very narrow' range of temperature; 
perfect fluidity above this point; slight amount of shrinkage; 
and property of taking sharp impressions when cast. Some 
differences in characteristics are required, however, in the 
particular alloys most suitable for stereotype and for the sepa
rate kinds of type-setting machines, according to whether the 
latter cast single letters, or a wiiole line. It has been pos
sible to adapt the alloys to these different requirements 
from a thorough knowledge of the metallography of the 
ternary series, lead, tin, and antimony. This has been 
gained from the complete investigations of the thermal 
equilibrium of the series by Campbell,2 Loebe,3 and from the 
work of Heyn and Bauer.4

In the use of stereotype many separate plates cast in the 
same matrix may be needed to complete an edition, and for 
the very large issues of wreekly magazines, etc., improvement 
has been made in the number of impressions possible to be 
taken from each plate by nickel plating the type face.

* '"Lead-Tin-A ntim ony and  Tin-A ntim ofiy-Copper Alloys,” Proc. 
A m . Soc. Testing Materials, 13 (1015), 630.

* “ T he C onstitu tion  of th e  T ernary  Alloy of Lead, T in , and  A ntim ony,” 
Metallurgie, 8, 7, 35.

* Investigation  of Bearing M etals, A ntim ony-Lead-Tin Alloys, con
ducted  by K . M aterialprüfung Berlin—Lichterfelde.

O t h e r  R e s e a r c h  o n  A l l o y s

Valuable articles have lately appeared on the general sub
ject of alloys by W. Guertler; on white metals by Mundy, 
Bissett, and Cartland, published as a preprint for the Sep
tember 1922 meeting of the British Institute of Metals; 
and on bearing metals by J. Czochralski and others.5

Interest in the study of white metals has greatly increased 
through the work which is being done in connection with non- 
ferrous metals by the U. S. Bureau of Standards and 
Bureau of Mines, committees of the American Society for 
Testing Materials, the Institute of Metals Division of the 
American Institute of Mining and Metallurgical Engineers, 
and other organizations.

General problems that are being investigated relate to the 
subject of corrosion, the effect of impurities on physical prop
erties, standardization of methods of physical testing, and 
effect of shrinkage on the density and form of solid castings—  
this having to do both with the contraction taking place 
from the instant of complete solidification down to room tem
perature, and also with the change in volume accompanying 
the difference in density between the liquid and solid phases 
of the metal.

•Czochralski, Z . Metallkunde, 12 (1920), 371; Guertler, Ibid., 13 (1921), 
257; Czochralski-W elter, “ Bearing M etals and T heir Technical Value/* 
Springer, Berlin, 1920.

The W ro u g h t Nonferrous Alloys in 1922
By W . H . B assett

T h e  A m e r ic a n  B k a s s  C o . ,  W a t e r d u r y , C o n n .

THE PAST YEAR has brought to attention nothing 
novel in the way of alloys or the treatment of alloys 
in the wrought nonferrous industry.

C o p p e r  A l l o y s

The outstanding feature has been a wider use of copper and 
copper alloys following the post-war depression. This has 
been brought about through a better understanding of the 
properties of the materials and their adaptation to industrial 
requirements. Much more attention is being given to the 
study of the properties of the metals and alloys and to meth
ods of treatment than ever before.

The advent of the chemist and metallurgist in the industry 
dates back hardly more than twenty years, and up to the 
beginning of the World War only the larger and more pro
gressive manufacturers maintained laboratories or attempted 
metallurgical control. The engineering specifications from 
the military establishments forced manufacturers who had 
been delinquent to establish testing laboratories at least.

Within the industry itself notable improvements of the 
present time are laboratory control of the quality of the raw 
materials used, of the composition of the alloys, and of the 
physical and electrical properties of the products, metallo- 
graphic control of heat treatment and hardness, electric 
melting, and the better understanding of the properties of 
metals and alloys.

The statement is frequently made that the quality of cop
per is not as good as it was twenty or thirty years ago. Such 
statements are indicative of ignorance of the real facts, for at 
no time in the history of the industry has the quality of cop
per in the form of wire bars, cakes, and ingots been equal to 
that of the present delivery. The purity minimum of 99.900 
per cent is now' maintained by the important American pro

ducers. In wire bars and cakes the conductivity is regularly 
held at 100 per cent of the “Annealed Copper Standard.” 
All this has been gained through systematic control testing on 
the part of both producers and consumers.

I m p r o v e m e n t s  i n  Q u a l i t y

Standard specifications for copper, zinc, and nickel have 
been prepared by the American Society for Testing Materials. 
Considerable progress has been made by the same society on 
similar standards for lead and aluminium. Such specifica
tions have marked the progress made in improving the qual
ity of raw' materials and rendered the production of alloys 
of the highest grade a much more exact and simple matter.

The analytical laboratory is as essential a part in the 
production of nonferrous alloys as it has become in the steel 
works. In every modern metal works the composition and 
quality of the alloys is strictly a matter of laboratory control. 
While this condition is not a sudden development, it cannot 
be said to have become general until within the last few 
years. It certainly maries a notable feature in the progress 
of the industry.

The metallographic study of nonferrous metals and alloys 
has gradually grown in importance as a means of control and 
investigation, and 1922 has seen the publication by a national 
society1 of the first specification in which grain size has been 
used as a definite measure of the physical properties of the 
material.

The study of the structure of the nonferrous metals at mag
nifications of 500 and 1000 diameters in the works laboratories, 
where nothing much beyond 75 to 100 diameters has hereto
fore been attempted, is another feature marking progress in 
applied metallography.

1 American Society for T esting M aterials.
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E l e c t r i c  M e l t i n g  o f  A l l o y s

The most important change in practice in the preparation 
of alloys which has occurred in the last few years is electric 
melting. This evolution, or more properly revolution, in 
casting practice is now in progress. The most popular and 
probably most efficient melting device is the induction 
furnace. In several of the more important establishments 
the greater part of the melting is being done in induction 
furnaces. Some of the mills and foundries have apparently 
made successful application of arc type furnaces. The most 
recent developments seem to indicate that each type has a 
distinct field in which it will find its most economic and 
efficient application.

Exaggerated claims have been made as to the superior qual
ity of electrically melted brass. The truth of the matter is 
that electric melting has proved more economical than 
melting with coal or coke. The electric furnace removes any 
possibility of the absorption of gases from fuel combustion 
by the metal and allows a somewhat closer heat regulation. 
It is much easier for the workmen to operate than the cru
cible furnace. Electric melting reduces the zinc losses in
cident to crucible melting, but it has by no means overcome 
all the troubles that may occur in casting alloys, and the 
same careful practice and supervision must still be exercised 
to achieve success.

C o r r o s i o n

The question of the corrosion of metals and alloys is one 
of the most important which affect their industrial applica
tion and use. The National Research Council is now actively 
organizing and coordinating the research facilities of the coun
try for comprehensive work in this direction.

Much effort has been put into the study of corrosion, 
with comparatively little definite or practical result. There 
is still considerable difference of opinion as to the choice to 
be made among metals or alloys for certain commercial pur
poses, and failures which now and then occur result in bring
ing the misapplied material into disrepute. Modern con
ditions have intensified the corrosive action to which metals 
are exposed in everyday service through increased pollution 
of the atmosphere and water supplies. Industrial uses are 
generally becoming more intense, and the proper choice of 
metals to meet the conditions of service is essential. This 
means that a more thorough understanding of corrosive 
action and its effect on various materials is necessary.

The persistence and insistence of Alfred D. Flinn in de
manding that the reason for the spontaneous failure of cer
tain alloys used by the New York Board of Water Supply be 
found and understood is still giving results. Means have 
been found for preventing the spontaneous cracking of rods 
and bars when exposed to corrosion, and there is no further 
danger of the failure of properly finished wrought bronzes 
and brasses from internal stresses when such material is 
exposed to corrosive action.

O t h e r  L i n e s  o f  P r o g r e s s

The cracking of tubes, both for condensers and water-supply 
pipes, has been eliminated, so there is now no danger from split 
piping in the water supply of buildings, if brass is used.

Considerable progress has been made with the study of the 
effect of fatigue on steels or ferrous alloys, but practically 
nothing has been done in the nonferrous field. The subject 
is important and researches are promised in this direction.

The use of the white alloys of copper, nickel, and zinc is 
becoming more prominent, particularly in the field occupied 
by plated material. Such alloys are resistant to corrosion, 
■durable and pleasing in appearance, and at the same time have

good physical properties. This type of alloy has been known 
for years under the general name of “German silver.” It 
has always been an attractive field for “inventors” who, 
through want of knowledge of the nickel alloy, have made 
fanciful claims as to their remarkable properties. Just at 
present there seems to be a new epidemic of “invention” of 
“Super German Silver” with most wonderful properties, 
some of which are said to be obtained through the use of 
secret fluxes which leave no trace behind.

The growing use of electrical equipment, both in industry 
and for the household, has stimulated the use of copper in all 
forms and also that of many of the copper alloys.

Cadmium is now one of the commercial metals. It has, 
when used in small quantities, the effect of increasing the 
strength of copper without seriously decreasing its conduc
tivity. Cadmium or cadmium and tin together are being 
used for producing stronger conductor and trolley wares.

Magnesium and magnesium alloys are receiving consider
able attention, but have not yet become industrially im
portant. The progress being made with aluminium and the 
light alloys has so recently been outlined by Gillett2 that there 
is nothing further to be said at this time.

In general, 1922 has brought a revival in the wrought 
nonferrous industry, with continued study of the application 
of the metals and alloys to engineering and domestic needs. 
The educational campaign being carried out by several of the 
important factors in the production of metals and alloys will 
undoubtedly result in a more intelligent use of these products 
and an increased consumption. There is still much to be 
gained by such researches as have been mentioned, and more 
benefit wall be derived from the systematic study of the prop
erties of the materials already familiar than is likely to result 
in attempts to find new' combinations.

* T in s  J o u r n a l ,  14  (1 9 2 2 ), 8 6 5 .

A Simple Check Valve1
By J. F. Brewster

L o u is ia n a  S u g a r  E x p e r i m e n t  S t a t i o n ,  N bw  O r l e a n s ,  L a .

The accompanying sketch is intended to represent a 
check valve made from materials to be found in the chemical 
laboratory. It was devised for use with the water vacuum 
pump to prevent flooding of apparatus when a “suck back” 
occurs in case of variation in w'ater pressure.

A solid rubber 
stopper, shown at a 
in the sketch, is cut 
about three-quarters 
through at the small 
end so that a thin 

flap of rubber, 6, is left to serve as the valve leaf. The stopper 
is then bored, leaving the flap intact, to receive the short 
length of glass tubing, e, which should be pushed to within 
a few' millimeters of the valve seat.

A short length of glass tubing, of such diameter as to allow 
free play of the leaf and at the same time fit the stoppers 
tightly, is closed at one end by the valve stopper and at the 
other by the one-hole stopper c, carrying glass tubing / .  
B y means of rubber tubing, /  is connected with the pump, 
and e with the system to be evacuated. Any convenient 
sizes of stoppers and tubing may be used.

1 E xhib ited  before the  Division of Sugar C hem istry  a t  the  64 th  M eet
ing of th e  American Chem ical Society, P ittsbu rgh , P a ., Septem ber 4 to  8, 
1 9 2 2 .
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The Pum ping  of Liquids in Chemical Plants1'5
B y Clark S. Robinson

M a s s a c h u s e t t s  I n s t i t u t o  o r  T e c h n o l o g y ,  C a m b r id g e ,  M a s s .

R e c i p r o c a t i n g
pumps were the first 
to be used for pump

ing purposes, and for that 
reason have been developed 
and refined to the point of 
standardization by nearly 
all manufacturers. In fact, 
the most important refine
ments in recent years have 
been in the direction of con
venience in repairs and in 
the selection of the best 
materials out of which to 
make them. As far as the 
handling of water and other 
noncorrosive liquids is con
cerned, reciprocating pumps 
are in use at the present 
time that have been in continuous operation for fifty years 
with only occasional replacement of worn parts. Such 
pumps if properly cared for should last indefinitely.

Reciprocating pumps comprise several types. The first 
and perhaps the most common is the direct-acting steam 
pump which is made both single and double. These direct- 
acting pumps have no flywheel to carry them by dead center, 
but depend on the mechanical operation of the steam valve to 
reverse the flow of steam to the steam piston, this being ac
complished by a suitable device on the piston rod which 
actuates the steam valve for the piston either directly or 
through the aid of a steam relay. The pump is therefore 
double acting—that is, it pumps on both strokes of the pis
ton. On the single pump the piston actuates its own steam

F ig . 1— S in g l e  D ir e c t -A c t in g  P u m p

valve, while on the double or duplex pump one piston actuates 
the steam valve on the other cylinder, and vice versa. The 
discharge from a direct-acting pump is therefore decidedly

1 Received O ctober 25, 1922.
* C ontribu tion  N o. 36 from  the  D epartm ent of Chemical Engineering, 

M assachusetts In s titu te  of Technology, Cam bridge, M a ss.

pulsating, and it is neces
sary to provide some means 
to equalize the flow and to 
prevent water hammer. 
This is done by means of 
an air chamber which ab
sorbs the shock by the com
pression and expansion of 
air in it.

T h e forego in g  figure  
shows the essential features 
of the single direct-acting 
pump.

In this particular pump 
the valve-actuating relay 
is operated by the piston 
itself, instead of the piston 
rod as is usually the case. 
The water valves are clearly 

shown, the inlet valves below, and the outlet valves dis
charging into the air chamber above. The chief advantage 
of the single direct-acting steam pump lies in its extreme sim
plicity and reliability. The steam consumption is also low, 
as the piston must travel to the end of its stroke before it 
can reverse. The flow from the pump is, of course, ex
tremely pulsating.

In the case of the 
double or duplex 
pump, the valve mo
tion is such that one 
side finishes its stroke 
and waits for its valve 
to be moved by the 
other side of the pump 
before it can start on 
its return stroke. This makes the discharge of the pump 
nearly continuous and the air chamber is frequently un
necessary. As one or the other of the steam valves is always 
open, the pump will always start whenever the steam is 
turned on. This is not the case with a single pump, which 
must be started by hand. The duplex pump is therefore 
used where automatic starting is required.

Fig. 2 shows a duplex pump of the usual type.
Reciprocating pumps have the advantage that they will 

raise the liquid by suction to the pump, it being unnecessary 
to prime them. The distance that water can be raised de
pends upon the temperature and the altitude. Fig. 3 shows 
the lift possible at sea level for varying water temperature. 
It will be noted that when the water is at a temperature of 
1G8° F. or more it must flow to the pump from above.

Reciprocating pumps are made of a number of materials, 
for handling various liquids. The table which follows was 
collected by the Goulds Manufacturing Company and 
represents the best available practice at the present time. 
It will be of interest to chemical manufacturers that the 
manufacturers of this type of pump do not guarantee the 
life of the pump when handling chemicals, the purchaser as
suming the risk.

A single direct-acting steam pump constructed of Duriron 
is available which has a capacity of 15 gal. per min. at a 
pressure of 75 lbs. per sq. in. This pump is especially suitable

The problem of transporting liquids in chemical plants is one 
of the most frequent with which the chemical engineer has to deal. 
Often the liquids to be handled are of the most corrosive character 
and the wear and tear on pumping equipment cause serious concern 
to the management. The improcements in equipment for this work 
by manufacturers in reccnt years have, however. made it possible 
to handle difficult liquids economically in nearly all cases. It is 
the purpose of this article to indicate in so fa r  as space is available 
the several types of pum ping apparatus on the market and the uses 
for which they are most suitable. The following is a classification 
of 'pumping apparatus:
A — Mechanical pumps

I —Reciprocating pum ps 
I I —Centrifugal pum ps 

(a) Volute pumps 
( i )  Turbine pumps 

I I I —Rotary or gear pumps

B —Pum ps using compressed 
air

I —Eggs or elevators 
I I —A ir  lifts 

C—Siphons
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L iq u id  t o  b e  
N o. P u m p e d

1 Acetic acid
(C oncentrated)

2 Acetic acid
(D iluted)

3 Acid mine w ater

4 Alcohol (Crude)

IN D U STRIA L A N D  ENGINEERING CHEMISTRY

T a b l e  I — M a t e r ia l s  f o r  S p e c ia l  S e r v ic e  P u m p s

5 Alkaline liquid
6 Alkaline w ater
7 A lum inium  sulfate
8 Ammonia,

am m onia w ater 
0 Aniliue w ater

10 Beer
11 Beer w ort
12 B eet juice (Thin)
13 Benzine, benzene
14 Bichloride of

m ercury
15 Cachaza (Sugar

mill by-product 
from which rum  
is made)

Calcium brine 
(Pure)

Calcium chloride, 
adultera ted  with 
sodium  chloride 

18 Calcium acid 
sulfate
(C oncentrated) 

Calcium &cid 
sulfate 
(D iluted)

Cane juice 
C arbonate  of 

sodium  
Carbonic acid gas 

in water.
Caustic carbonate  

of soda (Boiling) 
Caustic chloride 

of magnesium 
(Hot)

25 C austic chloride 
of sodium 

C austic cyanogen 
C austic

manganese 
C austic potash 
C austic soda

M a t e r ia l
U s e d  

Lead or 
phosphor 
bronze 

Enam el

H igh lead 
bronze 

All bronze 
brass, 
also cast 
iron

V a l v e s  
R egular 

disk, etc.

R egular

R egular

R egular

16

17

10

20
21

22

23

24

26
27

30 C austic s tron tia

31 C austic sulfide
32 C austic zinc

chloride
33 Cellulose

34 C hlorate of lime

35 Chloride of lime

36 Chlorine and
water

37 C hlorine (D ry
gas)

38 Citric acid
39 C oal-tar oil
40 Copperas

41 Copper sulfate
42 Creosote oil
43 Cyanide of

potassium
44 Cyanogen
45 Cyanogen slime
46 Diffusion w ater
47 Dish w ater
48 D istillery w ort
49 F a t ty  acids

heated over 
55° C.

50 Ferric  hydroxide
51 Ferrous chloride

Enam eled R egular
All iron R egular
Brass fitted R egular
All iron R egular

All iron R egular
All bronze R egular
All bronze R egular
Brass fitted Regular
All iron Regular
All iron Regular

B rass fitted Large
openings,
ball

R egular R egular

Bronze R egular
fitted

All bronze R egular

Brass fitted R egular

B rass fitted R egular
All iron • R egular

R egular R egular

All iron R egular

H ard  lead R egular

All iron R egular

All iron R egular
All iron R egular

All iron R egular
All iron R egular
All bronze Large

All bronze

openings,
ball

R egular
Brass fitted R egular

R egular X arge
fitted openings,

Copper is
ball 

R ubber or
best then bronze
bronze 
an d  cast 
iron

Enam eled Large

Enam eled

openings,
ball

R egular

Copper- R egular
mckel-
manga-
nese-alloy

R egular R egular
All iron R egular
All iron Large

All bronze

openings,
ball

R egular
All iron R egular
All iron R egular

All iron R egular
All iron BaU
N eu tra l R egular
R egular R egular
All bronze R egular
AU bronze R egular

All bronze R egular
E bonite R egular

liner

L iq u id  t o  b e  
N o . P u m p e d  
52 Ferrous sulfate

53 Fuel oil
54 Gasoline
55 Glue (H ot)

56 Glycerol
57 G un-cotton  brine

M a t e r i a l  
U s e d  

All iron

Brass fitted 
Brass fitted 
Brass fitted

All bronze 
All bronze

58 Hydrochloric acid Enam el
59 H yposulfite of Lead lined,

soda no zinc
60 Iro n  pyritic  acid All bronze
61 L ard  (H ot) All bronze
62 L im ew ater All iron

63 Linseed oil

64 Lye, caustic
65 Lye, salty

All iron

All iron 
Brass fitted, 

preferably 
bronze 

All iron66 Lye solution
containing sand

67 M agnesium  acid All bronze
sulfate
(C oncentrated)

68 M agnesium  acid
sulfa te  (D ilute)

69 M agnesium
chloride (H ot)

70 M arsh  gas

71 M ash

72 M ilk

73 M ilk of lim e

74 M ine w ater

75 M olasses

76 M uriatic  acid
77 N ap h th a
7S C rude nap h th a
79 N itric  acid

(C oncentrated)
80 N itric  acid

(Dilute)
81 C rude oil—

asphaltum  base 
oils m ust be 
heated in order 
to  pum p. P a r
affin base oils 
can  be pum ped 
w ithou t heating

V a l v e s

Large
openings,
ball

Regular
R egular
Large

openings,
bail

R egular
Large

openings,
ball

R egular

Regular
Regular
Large

openings,
ball

Large
openings,
ball

Regular
Regular

Disk

R egular

Brass fitted R egular

H ard  lead Regular

R egular R egular
fitted

Brass fitted, Large
preferably openings,
bronze ball

Iron  or
bronze

All iron Large
openings,
ball

High lead
bronze

Bronze Large
fitted openings,

ball
Enam eled Regular
Brass fitted Regular
Regular Regular
Lead Regular

All iron Regular

82 M ineral oil
83 V egetable oil
84 Purify ing  oil

85 Paraffin  (H ot)
(M elts from 
45°-65° C.)

86 Peroxide of
hydrogen

87 Petro leum

88 Petro leum  ether

89 Potash
90 Potassium

chloride

R egular 
All iron 
All iron

Brass fitted

All bronze R egular

Regular
fitted

R egular R egular
fitted  or 
all iron 

All iron R egular
All bronze R egular

L iq u id  To b e  
N o. P u m p e d
91 Potassium  n itra te

— caustic solu
tion  of sa ltpete r

92 Rape-seed oil
93 Sal am m oniac
94 Sa lt brine

3 per cen t sa lt

96 Salt w ater— over
3 per cent salt

97 Sewage

98 Soap w ater
99 Soda

100 Soda ash
101 Sodium

bicarbonate
102 Sodium  sulfate

Special 
valves 
for o rd i
nary  
pres
sures—  
m etal 
disk or 
compo
sition 
disk like 
S trong’s 
" I .O .P .” 
or Jen 
kins'.
F o r high 
pressures 
wing 
guided 
w ith 
lea ther 
face 

R egular 
R egular 
Large 

openings, 
ball, etc. 

R egular

103 S tarch

104 Sugar

106 Sulfide of
hydrogen

107 Sulfide of sodium
(H ot)

108 Sulfolignic salts
(C oncentrated)

109 Sulfolignic salts
(D iluted)

110 Sulfur in w ater

111 Sulfuric acid
(C oncentrated)

112 Sulfuric acid
(C oncentrated) 
(H ot) 60° - 
Baum 6

113 Sulfuric acid
(C oncentrated) 
(H ot) 40° 
Baum d

114 Sulfuric acid
(D ilute)

115 Sulfuric acid
fum ing (N ord- 
hausen)

116 Sulfurous acid
(C oncentrated)

117 Sulfurous acid
(D ilute)

118 Sulfurous acid
(Gaseous)

119 Sirup

120 T an  liquor
121 T a r

w ater (Traces)
123 T urpen tine  oil
124 Urine
125 Vinegar
126 Blue vitriol

127 G reen v itriol

128 H o t w ater

129 Oily w ater
130 W ine
131 W ood pulp

132 Y east

133 W hiskey

Vol. 15, No. I

M a t e r ia l
U s e d V a l v e s

All iron R egular

R egular R egular
All iron R egular
All bronze Large

Brass fitted

openings, 
ball, etc. 

R egular

All bronze R egular

Brass fitted Large

All iron

openings, 
ball, e tc .

Regular
All iron R egular
All iron Regular
All iron Regular

All iron Large

Brass fitted

openings, 
ball, e tc . 

Large
openings, 
ball, etc.

All bronze Large

All bronze

openings, 
ball, etc* 

Large

R egular

openings; 
ball, e tc . 
Regular

fitted
All iron

All bronze R egular

B rass fitted R égulât

♦Bronze R egular
fitted

♦All iron Large

All iron or.

openings, 
ball, etc. 

R egular
clay

♦Phosphor Regular
bronze

H ard  lead Large
openings.

♦Regular
ball, etc. 

Large
fitted openings.

Enam eled

ball, e tc . 

R egular

All bronze R egular

Brass fitted R egular

All bronze Large

All bronze

openings,
ball,

R egular
All iron Large

All iron

openings, 
ball, etc. 

R egular

All iron R egular
All bronze R egular
All bronze R egular
All bronze R egular

All iron Large

Bronze

openings, 
ball, etc. 

Special h o t
fitted w ater o r

R egular

m etal
disk

R egular
All bronze R egular
Brass fitted Large

. B rass fitted

openings, 
ball, etc. 

Large

All bronze

openings,, 
ball, e tc.

M aterial m arked th u s  * is used, b u t will no t w ear any  g rea t leng th  of time.

for filter-press work for solutions carrying abrasive solids, a hard-rubber reciprocating pump, of which Fig. 4 is an
It is, however, single acting. example. This is a double-acting steam pump which has a

For very corrosive solutions, which cannot be handled capacity up to 100 gal. per min. and for pressures up to 30
readily with the usual metal installations, there is available lbs. per sq. in.
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Reciprocating steam pumps are rated by the diameters of 
their steam and water cylinders, and their stroke. Thus, 
a pump listed as 5 X  3 X  6 has a 5-in. diameter steam cylinder, 
a 3-in. water cylinder, and a piston stroke of 6 in. The 
efficiency of direct-acting steam pumps varies with the length 
of the stroke, the efficiency for short strokes of 3 or 4 in. being 
about 40 per cent, while for strokes of 24 in. the efficiency may 
run as high as 80 per cent. They are made for all capacities 
and pressures.

beads. Modern designs have so improved them, however, 
that they are now available for any amounts of liquid up to 
almost any head—i. e., 300 ft. of water for single-stage pumps,

while multi-stage pumps are available up to ten stages. 
As a consequence of this, centrifugal pumps are rapidly 
replacing reciprocating pumps in a great many industries.

In the centrifugal pump the liquid is delivered at high 
velocity from the rapidly revolving vanes of an impeller. 
The liquid is then taken through passages of gradually in
creasing cross section 
in which its velocity 
head is changed to 
pressure head. These 
passages may be of 
the volute or spiral 
type, or they may 
consist of diffusion 
vanes. In the former 
case the pump is 
called a volute pump 
and in the latter case 
it is called a turbine 
pump.

The chief difference 
in the performance of 
the centrifugal and 
t h e  reciprocating 
pumps lies in the 
character of the dis
charge. In the case of the latter throttling the discharge will 
build up the pressure against which the pump is delivering 
and place an additional load upon the pump, as a consequence 
of which either the pump will stop or something will break; 
while in the case of the centrifugal pump, throttling the dis
charge merely has the effect of decreasing the flow without 
materially increasing the load. In fact, the load on the motor 
will drop off until, when the discharge is completely closed, 
the impeller will be revolving inside its casing, doing no work 
but the friction of churning of the liquid caught inside of the 
casing. This will eventually develop enough heat to cause the 
liquid to boil unless the pump is stopped or the heat removed 
to the surroundings.

Centrifugal pumps are, then, ideal for most of the uses in 
chemical plants, being run at constant velocity by direct 
connection with a motor or from a constant speed pulley,

SUCTION SUCTION LIFT
r e e r  r e z r

F ig  6

and the discharge controlled by means of a throttle valve. 
They are much superior for handling suspensions of solids 
in liquids, as there is very little wear or opportunity for clog

Reciprocating pumps are also made to be power driven, 
usually by means of gearing. A very common and satis
factory form is the single-acting triplex pump of which Fig. 5 
is an example.

These pumps are of the plunger type, and since the plungers 
are driven by cranks set 120 degrees apart, the flow is uniform 
and fairly free from shock. Air chambers arc provided, 
however. Special attention must be paid to the glands which 
prevent leakage past the plungers.

C e n t r i f u g a l  P u m p s

Until recent years centrifugal pumps have been used 
exclusively for large quantities of liquids under low pressure

Sucr/Otf HS/W 
r£-£T

SUCTION LIFT
FECT

F i g . 3
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ging. Where solids in suspension are to be handled, the im
peller is of the open type, while with clear liquids the closed 
impeller is used, the latter being more efficient. Centrifugal 
pumps are not suitable for filter-press work.

The one disadvantage of centrifugal pumps is the fact that 
they must be primed to function, and it is either necessary

to place the pump 
below the source of 
supply of liquid to 
be pumped, or to 
prime the pump by 
hand from a pres
sure line each time 
it  is to be started 
up. It is therefore 
useless for a u t o- 
matic systems with
out complicated at
tachments unless 
placed ■ below the 
source of supply. 
After priming, they 

will draw up liquids but to a less extent than reciprocating 
pumps, and an air leak in the suction line will be much more 
serious than with the reciprocating pump. Fig. 6 shows the suc
tion for water as function of temperature, plotted as before.

Single-stage centrifugal pumps are made either single
suction or double-suction. In the case of the former the 
liquid enters from one side of the impeller only, as is shown 
in Fig. 7. These single-suction pumps are much less ex
pensive than double-suction pumps, but on account of the 
lateral thrust upon the shaft there must be provided a thrust 
bearing that will not give trouble through wear or friction 
due to lack of sufficient lubrication, especially in the larger 
sizes. On the other hand, the double-suction pump theo
retically should have its thrust equalized, but on account of 
the inequalities in manufacture it is advisable to provide a 
thrust bearing for these also, though of much less rugged 
construction. The single suction pumps are advised for 
heads of 100 ft. or less, preferably less than 50 ft.

For higher heads and for more efficient operation the double

suction pump should be used, an example of this type being 
shown in Fig. 8. This is a pump of the volute type, with the 
top of the casing open to show the enclosed impeller.

The characteristics of the centrifugal pump are well shown 
in Fig. 9, which is a double-suction pump with a 5-in. 
discharge opening, running at a speed of 1700 r. p. m. It will 
be noted that at the point of maximum efficiency the effi
ciency is over 75 per cent, a figure quite comparable with 
those for reciprocating pumps.

Fro. 8

per M ínate.

F io . 10

The capacity of centrifugal pumps operating with full 
discharge opening is dependent upon the speed. Fig. 10 
shows the capacities of double-suction single-stage pumps, 
when operating at their most efficient speeds, as a function of 
the head against which they are pumping. Thus, if it is 
desired to purchase a pump to handle 2000 gal. per min. 
against a total head of 100 ft. of water, the diagram indicates 
either a 6-in. or an 8-in. pump, as measured by their discharge 
openings. The 6-in. one would of course be chosen, as the 
efficiency does not drop off rapidly for some distance beyond 
the most efficient speed.

The approximate cost of such a pump at the present time 
may be estimated from the following diagram (Fig. 11) where 
the cost in dollars is plotted against the size of pump (for 
double-suction pumps), the size being the diameter of the dis
charge opening. In this diagram Curve I is for high-speed, 
all-iron pumps, Curve II is for high-speed, all-bronze pumps, 
Curve III is for low-speed, all-iron pumps, and Curve IV  
is for low-speed, all-bronze pumps. . These costs do not in
clude motors or driving pulleys. Single-suction pumps range 
about half of these costs for the same size.

Centrifugal pumps are made of a large variety of materials 
for use with all kinds of chemical solutions. Among the more
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notable of these are hard rubber, hard lead, Duriron, chemi
cal stoneware, and Monel metal. Centrifugal pumps have a 
tendency to leak at the shaft stuffing boxes. This is of little 
importance in handling water, but when corrosive liquids are

being pumped it may 
be a matter of consid
erable moment. The 
Antisell p a c k 1 e s s 
pump of hard lead 
overcomes this diffi
culty for sulfuric acid 
by making the shaft 
vertical and feeding 
the impeller from 
above, as shown in 
Fig. 12. The hard- 
rubber pump shown 
in Fig. 13 overcomes 
this trouble by re
moving the leakage 
as rapidly as it col
lects through the pipe, 
20. Incidentally, hard 
rubber should not be 
used for liquids at 
temperatures o v e r  
55° C.

R o t a r y  P u m p s

Rotary, or gear, 
pumps have two in
termeshing g e a r s  

revolving in a casing, the liquid being caught between the 
teeth of the gears and carried against the higher pressure. 
Since the operation of the gears is positive, the pumps re
semble reciprocating pumps in that the discharge cannot be 
throttled without stopping the pump. Variable discharge is 
obtained either by varying the speed of the pump or by

by-passing parts of 
the liquid, the latter 
method being usually 
the one used, thus 
gaining convenience 
at the expense of 
efficiency.

The gears may. be 
of the external mesh
ing type, or they may 
revolve one inside the 
other as shown in 
Fig. 14. Other modi
fications of the latter 
type have eccentric 
rotors with s l i d i n g  
strips which entrain 
the liquid by sliding 
around the inner sur
face of the pump 
casing.

The efficiency of these pumps is high. Fig. 15 shows 
the curves for a 100-gal. pump of the type shown in Fig. 14. 
As a rule, these pumps are not suitable for pumping sus
pensions of solids on account of the excessive wear on their 
bearing surfaces. Some of them have readily replaceable 
bearing surfaces, however, and are used for such work. 
Rotary pumps give steady and continuous flow, and after 
having been used once do not require priming. They are 
constructed in all sizes and for pressures as high as 600 lbs. per

F io . 12

T a b l e  I I — A ir  L i f t  T a b l e  
Form ula  for cu. ft. free a ir actual per gal. for various lifts w ith 

constan ts  for different ra tios of subm ergence and  tab le  showing custom ary 
allowable percentages of subm ergence and  th e  best ra tio .1

T he  ra tio  of volum e of a ir to  w ater raised is expressed by  the  form ula:

Va -
C log H  -f- 34 • 

34
where

Y a  “  Cu. ft. free a ir per m in. ac tu a l required to  raise 1 gal. of w ater 
h =  T o ta l lift in feet 
H  =  R unning subm ergence in feet 
C  =  C onstan t as given in table

C o n s t a n t s

Subm ergence, p e rc en t.. .  75 70 65 60 55 50 45 40 35
C onstan t " C ” ...................... 366 358 348 335 318 296 272 246 216

L ift 
in F ee t 

20 
30 
40 
50 
60 
80 

100 
125 
150 
175 
200 
250 
300 
350 
400 
450 
500 
550 
600 
650 
700

C u s t o m a r y  A l l o w a b l e  a n d  B u s t  S u b m e r g e n c e s  
C u s to m a r y  A llo w a b le  B e s t

Percentage
Subm ergence

40 to  60 
40 to  60 
40 to  60 
37 to  55 
37 to  55 
37 to  50 
35 to  45 
35 to  45 
35 to  45 
35 to  45 
35 to  45 
35 to  40

Percentage 
Subm ergence 

65 to  70 
65 to  70 
65 to  70 
65 to  70 
65 to  70 
65 to  70 
65 to  70 

65 
60 to  65 
55 to  60 . 
55 to  60 
55 to  60 
50 to  55 
50 to  55 
45 to  50 
40 to  45 
40 to  45 
40 to  45 
40 to  45 
40 to  45 

40

Air Compressors

Single

Com pound

1 C opyright, 1921, by  Ingersoll-R and Com pany.
N o t e :  In  the  original form ula th e  constan ts  MC ’* were based on th e  

lift and  best subm ergence. # T here  w as no correction offered for subm ergences 
under th e  best. Recognizing th e  necessity for a  set of constan ts  th a t  would 
correct th e  form ula for different ra tio s  of subm ergence w ithin th e  lim its of 
w hat is considered good practice, th e  a u th o r revised the  constan ts  " C "  
to  m eet th is  dem and.

sq. in., and are particularly adapted for handling thick liquids 
that would clog the ordinary reciprocating pump.

E g g s , B l o w - C a s e s , o r  E l e v a t o r s

The direct displacement of 
liquids, especially acids, by 
means of air under pressure has 
been used for many years in 
chemical plants, and the equip
ment is well known. Recent 
improvements have been in the 
construction of the blow-cases 
and in the automatic devices for 
turning on the compressed air 
as soon as the blow-case be
comes full. The cases are con
structed of cast iron, lead-lined 
cast iron, or chemical stoneware.

It would doubtless be possi
ble to obtain them of any mate
rial for any particular purpose.

A i r  L i f t s

The principle of the air lift 
is illustrated in Fig. 16. Com

pressed air is blown into one side of a U-tube so that the
weight of the combined water and air is less than the weight
of the water in the other arm of the tube, causing a flow of 
water around through the bottom into the light side. In the 
diagram, the height of the mixed column of air and water 
shown by B is balanced by the height of the solid column A, 
so that any increase in the height of A will cause a flow out of 
the top of the other column. The effective height of pump is 
therefore the distance C, and the ratio of A to B times 100 
is known as the percentage of submergence. Table II, 
compiled by the Ingersoll-Rand Co., shows the amount of

F io . 13
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from two years to two months, depending on the duty of 
the siphon, and lack of attention may permit the wear to 
extend beyond the lining to the body of the siphon itself and 
require complete replacement.

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

The writer wishes to acknowledge the kindness of the 
pump manufacturers who have supplied him with the data 
for this article.

The Iron Man in Industry
By H . W .  Jordan

1 3 3  S t o l p  A v k .,  S v r a c u s b , N .  Y .

Ill a recent efficiency experiment a group of fair to middling 
idiots were set a t work on autom atic machines. I t  took a week 
to train them, or six times the instruction period for normal 
workers. B ut they soon turned out 20 to 30 per cent more goods 
per day than their high-school educated competitors. When  
the machines were speeded up 15 per cent they trotted right 
along w ith 15 per cent more output, like a coach dog under a 
wagon. They kept up this standard day after day because they  
had no brains to hamper them. They proved them selves 100 
per cent efficient operators of modern autom atic machines.

This actual experiment is typical of the autom atic industry 
which chemists and engineers have evolved through applied  
science. Titration of iron, running a vacuum pan, or tending a 
Bessemer converter, is not essentially different. Life offers no 
adventure to  the chemist or operator on these standardized  
processes. H e merely looks forward across years filled w ith  
hundreds of cubic meters of permanganate solution, or millions 
of tons of sugar and steel, to a pension of $66.67 per month at 
age of 65. H is only thrill is the haunting suspicion that the pen
sion m ay have a string on it.

“The Iron M an in Industry,” a book written by Arthur 
Pound and published by the A tlantic M onthly Press, is a m ost 
able, recent analysis of the social, intellectual, and spiritual 
effects of modern industry. I t  viv id ly  portrays the results of 
specialized, narrow routine in office, plant, and yard, where the  
broadly generalized handicrafts that were our industries prior to  
1880 have become obsolete. It shows the effects of transforming 
skilled craftsmen into stolid automatons.

Much of the personal resourcefulness-that used to spring from 
leisure hour occupations has been similarly wiped out. For ex
ample, the primitive sport of deer hunting now consists of a two- 
hundred mile automobile ride to-day over m acadam  and re
enforced concrete roads into the woods; and to-morrow a single 
daybreak rifle shot a t a drinking deer (fired in  som e cases by a 
hired guide), a quarter of a mile across a lake, w ith six o ’clock 
dinner back home and solemn rehearsal of the hunter’s prowess 
at the city  club that evening. Shades of Daniel Boone and 
K it Carson!

In appreciation of the fact th a t the best product of industry 
is versatile, clear-thinking men and women, the Technology 
Club of Syracuse, in which the local sections of the several 
American engineering societies are affiliated, has assigned part 
of its lecture evenings this season to a study of industrial sociol
ogy. The first of these lectures was given Novem ber 20, by 
Mr. Arthur Pound, on his subject, "The Iron M an in Industry.” 
The following noon he addressed the Syracuse Kiwanis Club, an  
audience of 200 young business men. T hat evening he spoke 
before the Syracuse Community Forum.

‘‘It is the function of engineering to develop the forces of na
ture for the utm ost benefit of m ankind.” W e can use our 
engineering responsibilities in no more practical w ay than  by 
applying social industrial science to study of the effects of auto
m atic machine industry upon the mind and character of the  
workers from president to titer boy, and by giving wide pub
licity to that study.

air required for pumping water by this method. The air 
pressure required may be found by measuring the sub
mergence of the air pipe in feet before the pumping starts and 
multiplying by 0.434, giving the required pressure in pounds

per square inch.
The advantage of 

the air lift is its great 
simplicity and relia
bility. It is particu- 
l a r l y  effective for 
handling solutions 
containing solids in 
suspension, as there 
are no moving parts 
with which the solids 
come into contact.
The cost of the in

stallation is practically confined to the compressor, the lift 
itself being of simple and inexpensive construction.

F ig .
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S i p h o n s

The mechanical efficiency of siphons is extremely low. It 
is therefore not advisable to attempt to use them for pumping 
alone. But where the liquid is to be heated as well as 
pumped, the steam siphon is very satisfactory, as the lost 
mechanical efficiency of the steam goes into the heating of the 
liquid, rendering the apparatus nearly 100 per cent efficient 
from the energy standpoint.

Steam siphons are available in all sizes. When used for 
very dilute acids, the ordinary bronze siphon is recommended. 
When the acid has appreciable strength, however, lead-lined

siphons are used except 
in the cases where lead 
would be attacked 
readily. These lead- 
lined siphons arc fitted 
with a platinum steam 
nozzle to lengthen the 
life of the apparatus, 
as platinum offers more 
resistance to erosion 
than the lead.

Siphons of this type 
are very satisfactory 
in practice, requiring 
practically noattention. 
This fact has its draw
backs, however, as the 
lead lining should be 
replaced in periods of
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Problems of Corrosion1
By B . D . Saklatwalla2

V a n a d iu m  C o r p o r a t io n  o p  A m e * ic a , B r id c u v im . e , P a .

MATERIALS of construction, such as metals, are ex
posed in service to manifold agencies and forces 
causing their deterioration, which we collectively 

call corrosion. We are concerned with the final result of 
these deteriorating agencies, and consequently our interest 
from an engineering standpoint in analyzing these forces 
individually has been remote. We have, therefore, up to  
the present time attacked the problem of corrosion experi
mentally in a purely practical way, and our efforts toward 
counteracting corrosion in metals have consisted, more or 
less, of empirical elimination of certain impurities or additions 
of different elements in homeopathic or allopathic doses to the 
known engineering alloys. This method of working has 
not only made progress slow but has led to a conglomeration 
of indefinite and even apparently contradictory information.

E n e r g y  C h a n g e s  i n  F o r m a t io n  o f  A l l o y s

The application of mathematical physics to metallurgical 
problems through development of metallography, in recent 
times, has revealed to us, not only the complex structure of 
the engineering alloys, but also' the equally complex energy 
changes taking place during the solidification or “birth” of 
these alloys. These energy changes and the conditions 
under which they occur have a bearing on the physical prop
erties of the individual structural particles forming the so
lidified alloy. As examples of the phenomena influenced by 
these changes may be mentioned—the growth of crystals, the 
distortion of crystal faces, the orientation of their surfaces, 
the formation or absence of an intercrystalline “cement” 
medium, internal crystal cohesion, surface adhesion between 
adjacent crystals, and surface tension of the crystal skin. 
These influences are exerted by energy changes prior to solidi
fication of the metal, and may therefore be designated as 
being of “prenatal” origin.

P h y s i c a l  P r o p e r t i e s  I m p o r t a n t

Our studies on the subject of alloy corrosion have been 
more or less along morphological rather than histological 
lines. No doubt a study of the alloy as a whole is of impor
tance, but the study of the inherent physical properties of the 
individual aggregate constituents is undoubtedly much more 
important. The morphological study has led to the exploi
tation of our existing theories—the electrolytic theory, the 
oxide theory, and the colloidal theory. The accelerative 
corrosive influence of a galvanic current produced by two het
erogeneous elements in the presence of an electrolyte, the cor
rosive action ascribed to chemical activity of the necessary 
presence of oxygen, the protective action furnished by certain 
films of oxide, the dependence of corrosion on the catalytic 
action of colloids formed during the reaction, are all phe
nomena of a more or less secondary origin. They un
doubtedly play a great part in corrosion action, but their in
fluence can be masked by influences of a more inherent nature. 
Our experience with development of noncorrosive alloys has 
proved that such is the case. For instance, the electrolytic 
theory demands that the more homogeneous and pure the 
metal is the more noncorrosive it should be. The addition of

1 R eceived O ctober 6, 1922*
3 G eneral Superin tendent.

copper to pure iron, however, instead of promoting corrosion 
renders it noncorrosive.

It is more or less self-evident that corrosion of a metallic 
alloy submerged in a gas or liquid is the chemical interac
tion between the solid and gas or liquid phase. The phe
nomena in such cases are rather complex, as the Varying 
physical factors influencing the reaction are numerous. Con
sequently, the resultant reaction velocity, or, in other words, 
the practical rate of corrosion, will be the algebraical sum of 
all the physical influences and the resultant chemical effects. 
We can thus see that, while the addition of another foreign 
element to a pure metal may set up a greater galvanic action, 
it might produce other physical results in the characteristics 
of the aggregate particles themselves, lowering their inherent 
chemical activity so that the algebraic sum of chemical 
actions might be on the side of lower corrosion. Hence, we 
see the importance of the study of the physical nature of the 
constituent aggregates and the forces governing their reac
tion activity. Such study will undoubtedly enable us to 
discern and control the components constituting the resul
tant corrosion.

P h e n o m e n a  o f  S o l i d i f i c a t i o n

In order to grasp the.significance of these “prenatal” in
fluences for the study of corrosion, an insight into the phe
nomena occurring during the process of solidification is nec
essary. According to a theory first propounded by Quincke, 
crystallization starts by the separation out of the fluid magma 
of a small quantity of an immiscible liquid phase. This 
small quantity of “oily,” immiscible liquid serves to form the 
cell walls or bubbles for the other liquid phase present in a 
much larger quantity. We have thus a structure designated 
by Quincke as “foam formation.” As in the case of all foam 
phenomena, surface tension of the liquid phases plays a 
great part at this instant, determining the number, size, 
shape, etc., of the crystalline particles when subsequent so
lidification takes place. In this foam stage, as the tempera
ture further decreases, several nuclei or points of crystalliza
tion, constituting crystalline skeletons for the building up of 
the final solid crystals, are formed. The number and arrange
ment of these nuclei determine the form and dimensions of 
the growing crystals. The growth continues until checked 
by the presence of neighboring crystals, the mother liquor 
continually diminishing by solidification and being dis
placed by the growing crystals, until the last traces of it 
solidify between the crystal surfaces, forming an amorphous 
intercrystalline “cement.” Here again we can readily see 
that in the filling of capillary spaces by an amorphous 
“cement” surface tension will play a prominent part.

The size and geometric form of the final solidified crystals 
and their free surface-energy properties, such as adhesion, 
solution pressure, adsorption, etc., are dependent on this 
characteristic of surface tension. The property of surface 
tension between two liquids or a liquid and a solid is a mani
festation of the degree of stability of the free molecular 
energy equilibrium. Very slight changes in the physico
chemical reactions taking place during solidification, such as 
can be ascribed to the addition of another element to the 
molten magma, or the presence of a foreign phase as a non-
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metallic inclusion, will cause a disturbance in this equilib
rium, tending to produce different physical properties in the 
crystal aggregates finally solidified. A study, therefore, of 
the surface tension phenomena of the crystal aggregates 
might lead to valuable explanation of the inherent noncorrod- 
ibility of the known alloys and to the systematic discovery 
of newer ones.

C o n c l u s i o n

The purpose of the foregoing remarks is by no means to set 
up the property of surface tension as the “philosopher’s 
stone” of corrosion. Undoubtedly galvanic action, oxidation, 
protective films, etc., play an equally important part. The 
aim in these remarks is to direct attention to a channel of 
research hitherto neglected from the corrosion standpoint.

For a methodical study, the problems of corrosion may be 
systemized into two main groups—morphological and his
tological. Our previous work has all been preponderantly

morphological. We might also base our division on charac
teristics of “prenatal” and of “postnatal” origin. The char
acteristics of the first nature will be such as the effect pro
duced by the formation of definite chemical compounds by 
proportioning the constituents of the alloying elements, and 
structural changes produced through addition of small quan
tities of alloying or purifying agents. As characteristics 
of “postnatal” origin we may mention change in corrodi- 
bility produced by adequate heat treatment, mechanical 
work, surface polishing, etc.

In the preceding remarks one phase of the corrosion 
problem has not been touched—namely, the study of protec
tive coatings, such as paints. As this method of protection 
in no way has a bearing on the properties of the metal to be 
protected, it does not come within the scope of the metal
lurgical aspect of the problem. The study of protective 
coatings is, no doubt, a fertile and extensive field of research 
in its own way.

Control of Industrial Processes by Light-Sensitive Means1
By Lloyd Logan 

100 0  H a m l in s  A v e . ,  S t  P a u l ,  M in n .

ALTHOUGH the liter
ature on the subject 
of photo-electricity 

comprises over seven hun
dred papers published since 
the discovery by Hertz in 
1887 of the action of light 
on the discharge of elec
tricity and a perhaps even 
greater number of articles 
on photo-resistance effects, 
the research in this field 
has been devoted largely 
to the important bearing of 
photo-electric action on 
theories of radiation and 
subatomic phenomena. 
Applied photo-electricity 
must still be considered a 
comparatively neglected

Considerations of advancing labor costs and of the difficulty of 
obtaining skilled operators in chemical and industrial works haoe 
forced more and more strongly on manufacturers the necessity and 
desirability of replacing human agencies, wherever possible, by 
automatic means. The ready success of the thermostatic control 
of the temperature of ^iVns, furnaces, and buildings indicates the 
trend toward the elimination of manual control. Variations in 
electrical conductivity and in the specific gravity of solutions arc 
other agencies which haoe been employed to effect automatic control 
of industrial processes.

It is suggested that another agency m ay be made a  powerful means 
of solving many of the most difficult problems in the control of in
dustrial processes. This agency is the extremely remarkable 
properly of light of producing electrical effects, such as changes of 
resistance or electrification of certain substances when it strikes 
them. I t is the purpose of this paper to attempt to outline the possible 
field  of application of this agency to the control of industrial opera
tions and processes and to suggest means for the accomplishment 
of such control.

subject. While scientific
applications of light-sensitive cells to stellar photometry,2 
and—among other applications—the photophone of Bell, 
the automatic lighting of buoys, the electrical transmis
sion of photographs, the control of torpedoes, and the 
ingenious optophone of Fournier d’Albe for enabling the 
blind to read, have reached varying degrees of practicability, 
only relatively few industrial applications have been pro
posed. While also a few attempts to effect control in 
certain directions are evidenced by proposed applica
tions to the regulation of the luminosity of vacuum-tube 
lamps,3 the regulation of voltage,4 and the control of 
ultraviolet lamps in the sterilization of water,6 the field of

1 Presented  before the Division of Industria l and Engineering C hem istry 
a t  the  63rd M eeting of the American Chem ical Society, B irm ingham , Ala., 
A pril 3 to  7, 1922. Chem ical and o ther applications of the  m ethods re
ferred to  in th is  paper are subjects of p a ten ts  pending.

1 K uuz and Stebbins, Phys. Rev., [2] 7 (1916), 62.
* M oore, U . S. P a te n t 856,483 (1917).
* M oskowitz, U. S. P a te n t 1,150,953 (1915).
* P ra tt ,  U. S. P a ten t 1.208,830 (1916).

application to the control 
of manufacturing processes, 
especially in chemical in
dustry, appears to have 
been practically neglected.

T y p e s  o f  P h o t o s e n s i 
t i v e  C e l l s

A brief reference to the 
various types of photosen
sitive cells will indicate how 
their properties may be 
utilized. These distinctive 
properties consist in all 
cases of variations of elec
trical characteristics when' 
subjected to light. While 
no cell yet devised exactly 
duplicates the color sensi
tiveness of the human eye, 
or can be used, without 

special means, for the direct measurement of color, never
theless a rather wide choice of characteristics is available. 
These cells are broadly classified as selective or nonselective, 
according as they respond only to certain ranges of wave 
lengths or to the total amount of radiation.

Of the latter type important examples are the bolometer, 
the radiomicrometer, and the thermopile, none of which shows 
increased sensitivity to radiation of a particular region of the 
spectrum.

Of the selective class one of the oldest types is the selenium 
cell, in which the conductivity of a thin layer of the lead- 
gray modification of selenium, formed by slow cooling at 
217° C., is increased by exposure to light. In one form this 
cell consists of a coating about 0.0001 in. thick forming a 
high-resistance conductor between two series of metal plates, 
usually German silver, each series being clamped together as 
shown in Fig. 1, to form an electrode of the cell. The cell 
is heat-treated to drive out all moisture and occluded gases. 
These precautions are necessary on account of the suscepti-
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bility of selenium to the injurious effects of moisture in the 
air.

The increase in conductivity is explained by Pfund6 as 
being due to the emission of additional electrons by resonance 
set up within the atom, these electrons having the properties 
of free electrons during the absorption of light. Although a 
certain lag in the recovery of the original resistance occurs, 
selenium cells capable of detecting fluctuations of several 
hundred per second are readily constructed.

■/tmif

■nmis/uM ran 
c/tTf/ODE

A l k a u - M u t a i .  C s u . S b l b n io m  C e l l
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Another important type of cell illustrative of the selective 
class, is the alkali-metal, or photo-electric, cell developed 
largely through the efforts of Elster and Geitel in Germany, 
and of Kunz and Ives in this country. In this type of cell, 
when light strikes the.negatively charged surface of the metal, 
electrons available for carrying current are thrown off, the 
effect being proportional to the intensity of the light. It 
is well known that certain wave lengths of light affect certain 
cells of this type more than others, and it is of interest to 
note that in general these cells are sensitive only to a limited 
range of wave lengths, the maximum sensitivity of the most 
electropositive elements occurring with radiation of the greater 
wave lengths. Thus, the maximum sensitivity of sodium 
occurs in the blue, while most of the less electropositive metals 
and the nonmetals respond only in the ultraviolet. To in
crease the sensitiveness, such cells are generally filled at low 
pressure with an inert gas such as argon or helium, or with 
hydrogen, so that, by applying a sufficiently high potential, 
ionization by collision and consequently a greatly amplified 
current are produced. The formation of a hydride on the 
surface also greatly multiplies the photo-electric current. 
B y the use of 3-electrode vacuum valves, or audions, it is 
possible to further increase the current to 2 or 3 milliamperes, 
which is sufficient to operate a relay.

Another type of cell of more recent development, whose 
sensitivity, on the other hand, extends into the infra-red, 
is the so-called “thalofide cell,”7 containing a sensitive sur
face of slightly oxidized thallium sulfide. On account of the 
extremely high resistance of this cell, the current is prefer
ably amplified by means of a vacuum valve to a magnitude 
sufficient to operate a relay.

Several other types of light-sensitive cells have been de
vised, depending on the Becquerel effect, involving the il
lumination of the negative electrode of a cell containing an 
electrolyte, and on the Hertz effect, involving the illumina
tion of the negative terminal of a spark gap to facilitate 
the passage of the spark.

The sensitiveness of photosensitive cells is obviously 
one of some concern, especially where exact colorimetric 
control is required. It may suffice to show that the photo
electric cell has proved entirely adequate for the photometry 
of light from the most distant stars. It is probable that the 
sensitiveness of specially designed cells may be made quite 
equal, or superior, to that of the human eye.

R e l i a b i l i t y  o f  M e t h o d

The next point to be considered in the evaluation of such 
a method of control is its reliability. Attention will doubt-

« Phys. Rev., [1] 28 (1909), 324.
T Case. Ibid., [2] 16 (1920), 289. U. S. P a ten ts  1,301,227 (1919) and 

1,316,350 (1919).

less be called to the fatigue, mentioned frequently in the 
literature, of certain cells under prolonged illumination. 
This effect in the earlier types of cells has been shown to be due 
largely to such extraneous effects as presence of moisture and 
occluded gases, and has been largely eliminated in the more 
recently developed cells. Any difficulty, however, with re
gard to photo-electric fatigue can be readily avoided by the 
arrangement of the apparatus in such a manner that the con
tinuous sample is compared as to its optical quality or quali
ties with a standard sample of the desired composition through 
the use of a common source of light, so that any difference 
in the samples will produce a difference in the relative re
sistances of the cells and operate the control through the 
medium of a relay suitably installed in a Wheatstone bridge 
arrangement.

The infinitesimal quantity of luminous energy required 
to produce an appreciable effect, the ease and certainty with 
which the light may be controlled, and the comparative 
independence of other conditions in the operation of the 
current-varying substance, are characteristics of the selenium, 
thalofide, and alkali-metal cells which lend themselves readily 
to the immediate solution of many industrial and chemical 
problems involving control of production.

Such problems, on examination, generally resolve them
selves into checking and maintaining within certain limits, 
throughout all steps of the process, the following character
istics of the intermediate and final products:

1— Quantity of product or number of production units.
2— Form or shape of product.
3— Quality of product.

(a) Chemical composition.
(b) Physical properties.

A p p l i c a t i o n s

In the following discussion it is proposed to indicate means 
for applying light-sensitive cells to the control of these fac
tors affecting production in such a manner that variations in 
such factors will produce variations in the intensity or charac
ter of light or radiation which will photo-electrically operate 
suitable means for automatically exercising control over the 
process. The general method is to produce such a change in 
the intensity or character of the illumination of the cell as 
to produce a corresponding change in the current sufficient to 
operate a relay, which in turn controls the appropriate 
valves, switches, or other means necessary to effect the de
sired operation.
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Among the properties of the final or intermediate’products 
which may be utilized for this purpose are the following:

1— Absorptive power for white o r mixed light.
2— Selective absorptive power for ligh t of various colors.
3—Index of refraction.
4— Power of scattering  light.
5— R otation  of th e  plane of polarization of plane polarized light, o r change 

of p a tte rn  of o ther forms of polarized light.
6— Dispersion of light; spark , flame, and  absorption spectra.
7— Reflective power for w hite light, or for ligh t of various colors.
8— In ten sity  of emission of light a t  a  given tem perature .
9— Phosphorescence and  fluorescence.

10— C om binations of the  foregoing.
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The choice of the method of control will obviously de
pend on the nature of the factor it is desired to control. 
In the case of the control of the quantity or physical form 
of the product, directing purely mechanical operations, 
the actuation of the light-sensitive cell can in many cases 
be most readily effected by simple obstruction of white light, 
due to the opacity of the product.

While the first two classes of control, involving the quantity 
and the form or shape of the product, are applicable to a wide 
range of mechanical engineering and production problems, 
mention of a few typical applications that have been the sub
ject of study will indicate -their possible usefulness in the 
field of chemical industry. Following the foregoing classi
fication of types of control according to factors of quantity, 
shape to be governed, or quality, the field of possible ap
plication of the control of the quantity of a product may first 
be considered.

This group of applications is concerned with the control of 
operations or processes in such manner that when a prede
termined dimension or quantity of production has been 
reached any desired step in the cycle of operations will take 
place. Such steps may be the opening or closing of valves, 
starting or stopping of machinery, operating alarms or in
dicating devices, or any mechanical or other operation.

As illustrating the method of accomplishing these objects, 
the accompanying diagrams will serve to show particular 
applications. The device indicated in Fig. 2 utilizes a 
combination of means for the projection of approximately 
parallel light rays through a hole in a rotating element'of 
a machine so that a light-sensitive cell will be illuminated 
twice for each revolution, with a counting device adapted 
to respond to the electrical impulses transmitted by the cell 
through a relay. This counting device is arranged to close 
a circuit when a certain number of impulses have been re
ceived and to automatically reset to repeat the cycle. The 
circuit closed by the “counting” mechanism may contain 
any such electrical device as a solenoid valve for shutting off 
the supply of material to a machine, or a mechanism for per
forming any such function as stopping or starting a machine, 
closing or moving containers, or effecting such operations 
as would otherwise be accomplished through the medium of 
gearing, cams, or an attendant.

Another typical application is that to the measurement and 
flow of liquids,, Fig.- 3 representing a method of controlling 
the level of liquids of high refractive index. This comprises 
the use of a container with a hollow transparent prism 
attached thereto by pipes and so arranged that when the 
liquid in the container rises to a predetermined level, paral
lel light is deflected at right angles, owing to internal reflec
tion, and caused to impinge on a light-sensitive cell. On 
account of the lowered resistance of the cell, there is trans
mitted through a relay a current which operates to close 
the solenoid inlet valve until the level has dropped below a 
predetermined point.

A second large class of control by light-sensitive means 
comprises the governing of operations or processes in such a 
manner that a variation in the form or shape of the material 
in process or of the final product, or of the path of motion 
causes a predetermined step in the cycle of operations to 
take place. Such operations may be the starting or stopping 
of machines, the regulation of the characteristics of electric 
currents, the operation of alarms or indicating devices, or 
the accomplishment of any similar desired object.

Although a discussion of the many groups of applications 
of this class investigated is beyond the scope of this paper, 
it may be mentioned that these include automatic examination 
and sorting of articles in process of manufacture as to size 
and shape, automatic stops, controlling and recording the

character of mechanical movements, safety devices, inter
locking devices for the prevention of operations out of their 
proper sequence, and the control of electrical characteristics.

The third class, that of control of the quality of the product, 
offers an almost endless variety of applications in chemical 
industry. A partial list has been prepared by the writer, 
of the large number of possible applications of this type of 
control in over a hundred important industries, including 
such varied processes as the manufacture and purification 
of acids, sugar, paper, gas, and oils, and the control of high 
temperature operations.

F ig . 3

In the control of the quality or the constitution of the 
product, the choice of the method of control will depend 
mainly on the degree in which the substance possesses optical 
qualities differentiating it from other substances, or the ease 
with which it can be caused to produce, through the action 
of a reagent, a distinctive optical test.

Of this class, an illustration of the regulation of chemical 
operations in which the production of an opaque test, stain, 
or coloration by the action of a suitable reagent serves suffi
ciently to identify the substance to be produced, or the im
purity to be avoided, may be found in the protection of 
catalysts, as, for instance, in the contact process for the manu
facture of sulfuric acid. In this case, as is well known, the 
platinum catalyst is very susceptible to “poisoning” by even 
minute traces of arsenic in the burner gases. The visual 
detection of arsenic by observation, through a window in the 
burner gas main, of its presence as a white cloud has been 
found ineffective and unreliable. The method, proposed 
and shown diagrammatically in Fig. 4, employs the Marsh 
test for arsenic in connection with a light-sensitive cell so 
arranged that when arsenic is present a black stain will be 
produced on a transparent water-cooled cell interposed 
between the cell and a source of light. The light will then 
be cut off, operating, on account of the consequent increase 
in resistance of the cell, a relay controlling a 3-way valve for 
the purpose of by-passing the gas for further treatment, 
thus preventing the arsenic from reaching the catalyst
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chamber. Means are provided for periodically removing 
the stain with bleaching-powder solution and restoring oper
ation when the impurity has been removed. Arrangements 
for using other tests for arsenic have also been devised.

The selective absorption of colored substances for mono
chromatic radiation affords another very direct means for

detecting and -eliminating impurities. An apparatus for 
this purpose is illustrated diagrammatically in Fig. 5. For 
instance, if it is assumed that the undesirable constituent 
is ferric iron, ammonium thiocyanate might be employed 
as the reagent. By the use of a color filter excluding red 
rays, the light-sensitive cell will be normally subjected to 
light only of other colors. When, however, ferric iron is 
present in the sample, a red coloration, capable of transmitting 
only or chiefly red rays, will appear in the transparent vessel. 
As no red rays are present in the incident light, it will be 
totally cut off from the light-sensitive cell, thus increasing the 
cell resistance and operating, through a relay, the appropriate 
valve for by-passing the product for further treatment. 
For simplicity in illustration, this device is shown as operating 
continuously. In practice, however, the apparatus will be
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arranged for intermittent operation, with provision for 
flushing out the cell after each test. The control of processes 
involving the neutralization of acid or alkaline solutions 
by the use of the selective absorption of indicators is but 
one of the large number of subgroups of possible application 
of selective absorption.

Considerable attention has been devoted, especially by 
Houston, Hutchinson and Hurlbut, and Prideaux, to the 
study of the relation between the wave lengths find absorp
tion coefficients of a limited number of inorganic and organic

substances over considerable ranges of concentration and 
temperature. Further determinations of absorption co
efficients, especially for various chemical indicators, would 
appear to be a contribution immediately useful in the design 
of control apparatus.

In cases where it is found that a substance is not completely 
specified by any of the foregoing properties, it will be found 
in many cases that a combination of tests, such as a color 
test with a reagent, and of the index of refraction will serve 
to completely identify the substance.

Among other possible applications studied, which do not 
come entirely within any one of the foregoing classes, may be 
included those of combinations of the preceding methods of 
control with automatic specific gravity regulation in such 
processes as oil distillation where both specific gravity and 
color of the product are of importance, replacement of com
plicated mechanical movements, by electrical devices con
trolled by light-sensitive means and of the utilization of the 
photo-electric method in connection with a suitable optical 
pyrometer for the control of high temperature operations.

It will be observed that in most of the foregoing cases, 
apparatus in common use is adapted to the control of the 
process, with only such alterations as are necessary to make 
the testing or checking process a continuous one. Among the 
more usual means for checking the chemical composition 
of substances are chemical reagents and indicators, the 
polariscopc, the colorimeter, the refractometer, and the 
spectroscope, while such physical properties as tensile and 
compressive strength, hardness, density, structure, tem
perature, and pressure are checked by testing machines, the 
scleroscope, the hydrometer, the microscope, the pyrometer, 
and the manometer. A study of these means of checking 
properties of substances shows that the greater number of 
them, especially those for checking chemical composition, 
may be registered by optical means in such a manner as to 
provide the appropriate impulse through the medium of the 
photosensitive cell to operate an electric relay.

The complete development of the possibilities of process 
control through light-sensitive means involves the selection 
or development of analytical tests most suitable for affecting 
light-sensitive cells, the improvement of photosensitive 
cells, and the solution of such chemical or mechanical prob
lems as might arise in the application of the control to the 
actual process. The suggestion is ventured that such de
velopment of this field may prove an inexhaustible source, 
not only of industrial improvements, but also of lateral 
scientific results of fundamental value.

N ew s from C anada

Success is attending the developm ent of acetylene black at 
Shawinigan Falls, the Canada Carbide Company having marketed 
some quantity, which is finding a favorable reception by the paint 
trade.

The power concentration of the St. M aurice valley will, we 
are advised, shortly be reinforced by developm ent a t Les Gres, 
a fall about half-way between Three Rivers and Shawinigan. 
This is expected to  develop in the neighborhood of 200,000 
additional horse power for the Shawinigan W ater and Power Com
pany.

T he Canadian China Clay Company a t St. Remi, Quebec, has 
been investigating the possibilities of colloidal treatm ent of 
kaolin, and as a result is disposing of considerable quantities in 
the rubber industry. The suspension of the clay by colloidal 
means permits of the removal of impurities providing a specially 
adaptable clay for incorporation.

Col. F . M . Gaudet, C.M .G ., who has been Technical Executive  
Officer of the Honorary Advisory Council for Research, has re
signed from that body and has joined the staff of the Canadian 
Industrial Alcohol Company.
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Notes on the Determ ination of Phosphorus1'2
By G. E. F. Lundell and J. I. Hoffman

B u r e a u  o p  S t a n d a r d s , W a s h i n g t o n , D. C.

PRACTICALLY all 
methods for the de
termination of phos

phorus in minerals, rocks, 
ores, and metallurgical prod
ucts call for a preliminary 
separation of the phos
phorus as ammonium phos
phomolybdate, [(NIDsPO.!.- 
I2M0O3.2HN O3.H201. A
considerable number of 
methods for the subsequent 
treatment of the phosphomolybdate have been proposed. 
These can be divided into two classes—those requiring a pure 
phosphomolybdate of definite composition, and those requir
ing a reasonably pure phosphomolybdate of any composition. 
Practically all the methods are of the first type and include 
such as involve the weighing of the dried or ignited precipi
tate, the precipitation and weighing of the molybdenum as 
lead molybdate, the reduction and subsequent titration of 
the molybdenum with standard permanganate solution, and 
the titration of the molybdic acid with standard alkali solu
tion. There are very few methods of the second type and 
the method calling for final weighing of the phosphorus as 
magnesium pyrophosphate is the only one in general use.

The complete deposition of phosphorus as ammonium 
phosphomolybdate is often delayed, and under some con
ditions prevented, by such elements as vanadium in the 
quinquivalent condition, titanium, zirconium, and fluorine. 
The purity of the phosphomolybdate precipitate is often a 
matter of doubt. It is well known that the first three ele
ments named, as well as silicon and arsenic, are carried 
down completely, or in part, by the precipitate. The re
searches of Hundeshagen3 and others have demonstrated that 
the composition of ammonium phosphomolybdate varies 
with such factors as temperature, concentration of the 
molybdate reagent, and the acidity of the solution.

From the foregoing it is evident that an accurate or even a 
routine determination of phosphorus, particularly in many 
metallurgical products, is not as simple a matter as many 
texts lead one to expect. It has therefore been considered 
desirable to gather and publish the following observations 
which have been made and methods of analysis which have 
been found desirable at the Bureau of Standards and else
where for the determination of the moderate amounts of 
phosphorus to be found in such materials as iron, steel, 
alloy steel, and phosphor bronze. Although no methods 
are given for such material as minerals, rocks, and ores, the 
data indicate what precautions are necessary.

A. G e n e r a l  Co n s id e r a t i o n s

I .  C a u s e  o f  P h o s p h o r u s  L o s s e s  P r i o r  t o  t h e  P h o s p h o 
m o l y b d a t e  P r e c i p i t a t i o n

Losses are chiefly occasioned by the neglect or improper 
treatment of insoluble compounds obtained during the 
course of the analysis. These frequently contain phosphorus, 
and they are often caused by titanium; they will be en
countered when such elements as zirconium or tung-

1 R eceived June  6, 1922.
* Published by  permission of th e  D irector of th e  B ureau of S tan d ard s .
* Z . anal. Chem., 28 (18S9), 164.

sten are present, and they 
may be caused at certain 
stages of the analysis by 
common elements such as 
iron.

A common cause of small 
phosphorus losses lies in dis
carding filters which are 
apparently clean. With 
white phosphates such as 
those of titanium, zirco
nium, and tin, it is an easy 

matter to lose from 0.1 to 1 mg. of phosphorus left as in
visible phosphate after an ammoniacal extraction of an 
impure phosphomolybdate or the solution of an impure 
magnesium ammonium phosphate in acid. The neglect of 
the phosphorus in such material results, of course, in a dead 
loss, while the handling of it and the complete recovery of 
any phosphorus content require care.

It is difficult to extract all the phosphorus from insoluble 
phosphates by means of alkali carbonate fusions followed by 
water extractions. It is not possible, for example, to recover 
all of the phosphorus from 0.1 g. of zirconium or titanium  
phosphates by two careful carbonate fusions followed by 
water extractions.

Compounds containing phosphorus must not be sub
jected to protracted fusions with alkali pyrosulfate in open 
crucibles and at unnecessarily high temperatures.4 Neg
ligible losses occur in short fusions when crucibles are tightly 
covered and only sufficient heat for proper fusion is used. 
Such fusions may, however, give rise to meta- or pyrophos
phates, which must be converted to orthophosphate before 
further treatment.

Phosphorus is precipitated with tungstic acid, and the 
recovery of it from small amounts of tungstic acid is carried 
out as with the nonvolatile residue after the purification of 
silica. With larger amounts of tungsten the phosphorus is 
more conveniently recovered and the tungsten at the same 
time eliminated by dissolving the tungstic acid in ammonium 
hydroxide, slightly acidifying with hydrochloric acid, add
ing 1 g. of alum, and then precipitating the phosphorus to
gether with aluminium by the addition of ammonium hy
droxide in the slight excess prescribed by Blum,8 boiling, and 
filtering.

The complete precipitation of phosphorus as aluminium 
or iron phosphate requires at least a fivefold excess of alu
minium and a tenfold excess of iron and the use of only a 
very slight excess of ammonia. A large excess of ammonia 
is to be avoided even when iron and aluminium are greatly 
preponderant.

As mixtures of sulfuric and phosphoric acids lose phosphorus 
when heated at high temperatures to complete expulsion 
of sulfuric acid, any hydrofluoric acid treatment of silica 
containing phosphorus should be done with nitric instead of 
sulfuric acid and the hydrofluoric acid expelled by repeated 
treatment with it. In this connection it is imperative that 
any final evaporation of phosphoric-sulfuric acid solutions be 
carried on at as low a temperature as possible and be stopped

< W . F . H illebrand and  G . E . F . Lundell, J .  A m . Chem. Soc., 42 (1920), 
2009.

‘ J .  A m . Chem. Soc., 38 (1916), 1282.

This paper describes the precautions which have been found  
desirable in the separation of phosphorus as ammonium phos
phomolybdate, and its subsequent determination by weighing as 
magnesium pyrophosphate or titration with alkali. Special 
attention is pa id  to the moderate amounts of phosphorus which are 
present in such metallurgical products as iron, steel, alloy steel, and  
bronze; and the effects of such interfering elements as titanium , 
zirconium, vanadium, arsenic, and tin  are considered. Finally, 
there are presented tested methods fo r the special and the routine 
analysis of these materials.
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as soon as fumes of sulfuric acid appear.4 No losses of phos
phorus occur under such conditions, or when nitric, hydro
chloric, or hydrofluoric solutions containing phosphoric acid 
are evaporated to dryness.

II. T he. P r e l i m i n a r y  S e p a r a t i o n  o f  P h o s p h o r u s  a s  
A m m o n i u m  P h o s p h o m o l y b d a t e

This operation succeeds best in a warm solution (40° to 
60° C.) having a volume of from 100 to 200 cc. and contain
ing 5 to 10 per cent by volume of nitric acid (sp. gr. 1.42), 5 
to 15 per cent of ammonium nitrate, and a 15- to 25-fold ex
cess of the molybdate precipitant. In technical analyses the 
solution is shaken for 5 to lOmin., allowed to settle for 10 to 
30 min., and then filtered. In umpire analyses preliminary to 
final determination of the phosphorus as magnesium pyro
phosphate, the solution is allowed to stand for a longer 
period, usually over night.

For the foregoing precipitation, phosphorus must be pres
ent as orthophosphoric acid; other acids of phosphorus are 
precipitated incompletely or not at all. The presence of 
the quinquivalent compound must always be assured by an 
oxidizing attack of the material, and the presence of the 
ortho acid made certain by preliminary boiling with strong 
nitric acid or by such means as an oxidizing fusion with alkali 
carbonate.

The precipitation should always be performed in a solution 
containing nitric acid, as the precipitate is less soluble in nitric 
than in hydrochloric or sulfuric acids. A wide range in the 
concentration of nitric acid is permissible. Satisfactory tech
nical analyses can be had in the presence of as much as 10 per 
cent by volume of hydrochloric acid or 5 per cent by volume 
of sulfuric acid, through the use of double the amount of molyb- 
date reagent ordinarily employed (100 cc. as against 50 cc.) 
and a longer precipitation period (30 min. as against 15 to 
20 min.). In the case of hydrochloric acid, complete pre
cipitation is obtained when the solution is allowed to stand 
over night; complete precipitation is not possible with sul
furic acid, which must be avoided or used sparingly and then 
converted into ammonium sulfate in accurate analyses. 
Hydrofluoric acid retards the precipitation of phosphomolyb
date and causes the formation of a more soluble precipitate; 
both difficulties can be entirely prevented by converting the 
acid to fluoboric acid by the addition of borax or boric acid.

The temperature of the solution has a decided bearing on 
the precipitation. Precipitation at low temperatures (10° 
to 20° C.) is slow and the precipitates are difficult to filter and 
wash. Precipitations at 40° to 50° C. are more rapid and the 
precipitates are in better condition.. Higher temperatures, 
such as 80° to 90° C., give rapid precipitation, but the pre
cipitates are richer in M0O3 and more contaminated by ele
ments such as arsenic.

Ammonium nitrate has a beneficial effect, as it causes more 
rapid precipitation and a coarser grained precipitate. The 
precipitate is slightly soluble, However, in a large excess of 
ammonium nitrate and it should preferably be present in 
amounts not over 15 per cent. Ammonium chloride and sul
fate are not as desirable, as they tend to delay precipitation 
and have slightly greater solvent action on the precipitate. 
Their presence in reasonable amount is not harmful if a 
greater excess of the molybdate precipitant is used.

A large excess of the molybdate precipitant is required. 
This excess varies from 10 times the theoretical amount in a 
nitric acid-ammonium nitrate solution of pure orthophos
phoric acid, to a 15- to 25-fold excess in ordinary solutions, 
and a 40- to 60-fold excess in solutions containing substances 
that retard the precipitation. The molybdate precipitant or
dinarily employed contains approximately 5 per cent of molyb- 
dic acid, 5 to 10 per cent of ammonium nitrate, and 20 to

25 per cent by volume of nitric acid; the reagent used in the 
experiments hereinafter described was prepared as described 
by Blair,6 except that the equivalent amount of 85 per cent 
molybdic acid was employed instead of the pure molybdic 
anhydride specified. The source of the molybdic acid is 
usually 85 per cent molybdic acid, although the 100 per cent 
anhydride and ammonium molybdate are sometimes speci
fied. It has been stated by Johnson7 that the phospho
molybdate obtained through the use of a molybdate reagent 
prepared from unignited molybdic acid has different proper
ties from that obtained from a reagent prepared from the 
ignited anhydride; the former is more crystalline, easier to 
filter, but more soluble in a dilute nitric acid wash as con
trasted with the latter, which is extremely finely divided, 
very difficult to filter, but less soluble in dilute acid. This 
fact has apparently not received the attention that it de
serves. Johnson’s statements have been confirmed at this 
Bureau. In order to obtain a proper phosphomolybdate, 
Johnson recommends that the molybdate reagent be pre
pared from a mixture of the two. The same author8 has also 
recommended an ammoniacal solution of ammonium molyb
date and ammonium nitrate as a substitute for the nitric 
acid mixtures ordinarily used.9 Such a solution is easily pre
pared, is stable, and is used with no change in precipitation 
procedure save the addition of a little nitric acid before the 
addition of the reagent.

The filtering of the precipitate must be carried out through 
a filtering medium of close texture. This renders the opera
tion a rather slow process if it is carried out by gravity 
through paper. More rapid filtration and more efficient 
washing can be had by suction through asbestos or paper 
pulp.10 It is difficult to wash out all acid from paper fiber, 
and this is the chief source of the “blank” in determinations 
of phosphorus by the alkalimetric method.

The precipitate is always washed with cold solutions which 
necessarily differ according to the final disposition of the phos
phomolybdate. A solution containing 1 to 2 per cent by 
volume of nitric acid is usually first employed in order to 
prevent hydrolysis of salts of such elements as iron and 
tin. Some analysts11 prefer to add ammonium nitrate to 
the nitric acid wash, while others12 add both ammonium 
nitrate and molybdate reagent. Baxter13 used a 10 per cent 
ammonium nitrate solution for phosphomolybdatcs which 
were to be dried at 300° C. and weighed. A 1 per cent nitric 
acid solution has proved perfectly satisfactory at this Bureau 
except in cases where salts which are very easily hydrolyzed— 
as, for example, tin—are present; here a 1.5 per cent solution 
is used. As the phosphomolybdate is slightly soluble in any

# “ T he Chem ical Analysis of I r o n / ' 8 th  ed., J . B. Iyippincott & Co., 
p . 54. “ W eigh 100 g. of pure  m olybdic anhydride, mix i t  thoroughly  in a  
beaker w ith 400 cc. of cold distilled w ater and  add  80 cc. of strong  am m onia 
(0.90 sp gr.). W hen solution is com plete, filter and  pour th e  filtered solu
tion  slowly w ith constan t stirring  in to  a  m ixture of 400 cc. of strong n itric  
acid (1.42 sp. gr.) and  600 cc. of distilled w ater. Allow to  settle  for 24 
hrs. and  filter.”

* “ Chem ical A nalysis of Special Steels, e tc .,”  3 rd  ed., J .  W iley & Sons, 
Inc ., p. 315.

* Ibid., p. 323.
• Johnson’s d irections for preparing  th e  so lution are as follows: “ In to  

each  of four 800-cc. casseroles weigh 55 g. of am m onium  m olybdate and  
50 g. of am m onium  n itra te , and add  40 cc. of am m onium  hydroxide (0.95 
sp. g r.). D ilu te each to  700 cc. w ith  w ater. H e a t for ab o u t 30 m in., 
s tirring  once in a  while u n til all salts are in solution. Com bine th e  con ten ts  
of th e  four beakers by  pouring in to  a  large b o ttle ; th en  d ilu te  to  4000 cc. 
w ith  w ater. L et s tand  over night. F ilte r th e  insoluble m ateria l th rough  
double 15-cm. papers. Do not wash. The clear solution th u s  obtained  
should rem ain clear indefinitely.’’

10 S. L . Jodidi and  E . H . Kellogg, Biochem. B u ll., 5 (1916), 87.
11 W . F . H illebrand, " T h e  Analysis of Silicate and  C arbonate  R ocks,”  

U. S . Geol. Survey, Bull. 700, 178.
iJ H . S. W ashington, “ T he  Chem ical Analysis of R ocks,’* 3rd ed.„ 

J . W iley & Sons, Inc ., p . 218.
n  A m . Chem. J .,  28 (1902), 298.
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acid wash solution, strong acid solutions and excessive wash
ing are to be avoided. Where phosphorus is to be determined 
gravimetrically as magnesium pyrophosphate, only slight 
washing is necessary; in other methods final washing must 
be had with other media, as for instance with 1 per cent 
potassium nitrate in the alkalimetric method.

It has already been stated that certain substances, such as 
nitric acid and ammonium nitrate, are desirable in a molyb- 
date precipitation, and that others, such as hydrochloric and 
sulfuric acids and their ammonium salts, are less desirable. 
Very undesirable elements are fluorine, vanadium in the quin
quivalent state, titanium, and zirconium, which delay the 
precipitation and contaminate the precipitate that is formed. 
Arsenic and silicon also contaminate the precipitate but de
lay the precipitation to a lesser extent. Complete precipi
tation of impure phosphomolybdate can be had in the case of 
fluorine by the addition of borax or boric acid, and in solu
tions containing reasonable amounts of the other compounds 
provided a considerable excess of the molybdate precipitate 
is used and sufficient time (6 to 24 hrs.) for precipitation is 
allowed. The interference of vanadium can also be entirely 
overcome by reducing the vanadium to the quadrivalent 
condition before the treatment with molybdate and carrying 
on the precipitation at approximately 20° C. for 30 min. or 
longer.14

Organic compounds are ordinarily regarded as objectionable, 
although moderate amounts (0.1 to 0.3 g.) of certain organic 
compounds such as citric and tartaric acids, which have 
been recommended to prevent the precipitation of iron, have 
not been found objectionable at this Bureau.

III. F i n a l  D e t e r m i n a t i o n  o f  P h o s p h o r u s  b y  W e i g h i n g  
a s  M a g n e s i u m  P y r o p h o s p h a t e

It is evident that correct determinations of phosphorus 
can be obtained only by methods which call for solution of 
the phosphomolybdate and reprecipitation of the phosphorus 
as a pure compound of definite composition. By far the most 
satisfactory of such methods calls for solution of the washed 
phosphomolybdate in dilute ammonium hydroxide, repre- 
cipitation of the phosphorus as magnesium-ammonium 
phosphate, and ignition of this to the pyrophosphate. In 
this method the composition of the phosphomolybdate is 
immaterial; it is only necessary that all the original phos
phorus be present as orthophosphate in the solution which 
is treated ■with magnesia mixture, and that the resulting 
magnesium-ammonium phosphate be pure and of definite 
composition.

As the quantitative presence of phosphorus can be assured 
by adherence to the precautions cited under I and II, the 
quantitative presence of phosphorus in the solution to be 
precipitated by magnesia mixture depends on proper methods 
of dissolving the phosphomolybdate. The customary pro
cedure consists in treating the phosphomolybdate with 
dilute ammonium hydroxide. This succeeds well with 
pure precipitates and those containing arsenic, vanadium, 
and tungsten. It fails with precipitates containing iron 
(often present), and such elements as titanium, zirconium, 
and tin. These elements are to be expected in varying 
amounts at this point if they were present in the original, 
material, and their phosphates are undoubtedly the insolu
ble white phosphorus-bearing compounds which are occa
sionally mentioned in the literature.15 Sometimes they 
can be dissolved by the addition of a few crystals of citric 
acid to the ammoniacal solvent, or by final treatment 
of the filter paper with a dilute solution of hydrochloric and

14 J .  R . Cain and  F . H . T ucker, B u r . Standards, Tech. Paper 2 4 ;  T h is  
J o u r n a i , ,  6 (1 9 1 3 ) , 6 4 7 .

i» W . F . H illebrand, U. S . Geol. Survey, Bull. 700, 178; H . S. W ash
ington , Ib id ., p . 218.

citric acids. In accurate analyses, however, the ammoniacal 
solution should be filtered until absolutely clear, previously 
adding an electrolyte and boiling if necessary, and the well- 
washed paper ignited, fused with a little alkali carbonate, 
extracted with water, and the acidified and boiled extract 
added to the main filtrate. As has already been stated, it 
is to be noted that sodium carbonate fusions of large amounts 
of insoluble phosphates, followed by water extraction, are 
by no means satisfactory.

A pure magnesium-ammonium phosphate of definite 
composition can be easily obtained from ammoniacal solu
tions of small amounts of pure ammonium phosphomolyb- 
dates, provided the solutions—preferably of a volume not 
to exceed 50 to 75 cc.—are slightly acidified with hydro
chloric acid, treated with 0.2 to 0.5 g. of citric acid, a 5- to 10- 
fold excess of magnesia mixture, and then carefully neutral
ized with ammonium hydroxide (sp. gr. 0.90), slowly added 
dropwise and with constant stirring until the precipitate 
begins to form and then in an excess of 3 to 5 per cent by 
volume. A 3- to 4-hr. digestion period is ordinarily sufficient, 
but a 24-hr. period does no harm and is desirable when small 
precipitates are involved. Special precipitation procedures, 
such as precipitation in boiling solution, have not been 
found necessary at this Bureau. The most desirable wash
ing solution is one containing 3 to 5 per cent by volume of am
monium hydroxide (sp. gr. 0.90). No advantage is gained 
by using stronger washes or ones containing ammonium 
nitrate. The precipitate may be ignited either wet or dry, 
and in either platinum or porcelain. The chief precaution 
in igniting the precipitate lies in first warming until any water 
in the paper or precipitate is given off, then slowly charring 
the paper without actual flaming in an oxidizing atmosphere, 
then igniting at as low a temperature as possible, and with 
the lid placed to allow circulation of air, until the carbon has 
been destroyed and the residue is white, and finally at ap
proximately 1000° C. with the crucible covered to constant 
weight.

Solution of the magnesium-ammonium phosphate in nitric 
acid followed by evaporation to dryness and careful ignition 
does no harm. Under no circumstances can the ignited 
pyrophosphate be dissolved in nitric acid, evaporated, and 
again ignited; moistening of the ignited pyrophosphate with 
nitric acid and ignition usually does no harm and rarely 
any good.

Various formulas arc given for the preparation of magnesia 
mixtures. Practically all these call for a solution contain
ing magnesium chloride (free from calcium), ammonium 
chloride, and dilute ammonium hydroxide. Solutions of 
this type attack glass containers, and therefore it has been pro
posed by Kuhnt16 that the ammonium hydroxide in the 
formulas be omitted, as solutions free from it are without 
action. As the addition of magnesia mixture should leave the 
solution acid, there is no need for an ammoniacal solution, 
and accordingly the magnesia mixture used in this work 
contained 50 g. of MgCl2.6H20  and 100 g. of NEUC1 per 
liter of water.

In case the original material contains elements such as 
arsenic, tin, vanadium, silicon, titanium, zirconium, and 
large amounts of iron, the magnesium-ammonium phosphate 
will undoubtedly be contaminated unless steps have been 
taken for their removal. Tungsten causes no trouble, as it 
forms no insoluble compounds, in the ammoniacal solution 
used. Contamination by tin, vanadium, iron, titanium, 
and zirconium can be entirely prevented by a double pre
cipitation in the presence of ammonium citrate. In this 
case the first precipitation is carried out as above with the 
exception that 3 to 5 g. of citric acid, a 25- to 50-fold excess of

«  Chem.-Ztg., 44 (1920), 586.
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magnesia mixture and a 12- to 24-hr. cold precipitation period 
are necessary. When much citric acid is used, more magne
sia mixture is needed, particularly when vanadium is present. 
The first precipitate is dissolved in dilute hydrochloric acid 
and then reprecipitated as in the case of pure solutions 
after the addition of 1 to 3 cc. of magnesia mixture and 0.2 
to 0.5 g. citric acid. In case the original material was rich 
in titanium or zirconium, these elements may have come 
down in small part with the first precipitate as phosphates in 
spite of the citrate present. In such erases it is desirable to 
ignite the paper—even though it looks clean after the hy
drochloric acid extraction—in a small platinum crucible and 
then to fuse any residue with a pinch of sodium carbonate, 
extract with a little water, and add the filtered extract to 
the main solution. The efficacy of the method is illustrated 
in Table I.

T a b l e  I — E f f e c t  o p  C i t r i c  A c i d  i n  t h e  P r e c i p i t a t i o n  o p  M a g n e s i u m  
A m m o n i u m  P h o s p h a t e

Expected
G.

0.1048

0.0105

MgsPaOr
Found

G.
0.1048
0.1048
0.1044
0.1049
0.1044
0.1048
0.1043

0.0107

0.0104
0.0107

C ontam inan t 
P resen t 

G. 
N one 
N one 
0 .005  Fe 
0 .005  A1 
0 .005  T i)  
0 .005  T i J 
0 .005  Zr

0 .005  V

0.020  Sn 
0 .250  Zn

R e m a r k s

Prec ip ita te  contained less th a n  
0 .2  rug. T iOj 

Z irconium  is the  m ost difficult to 
keep in solution. 0 .005  g. rep
resents th e  upper lim it 

P rec ip ita te  contained  less th a n  0 .2  
mg. VsOs. In  th e  absence of 
c itric  acid very  e rra tic  values 
were obtained

Sam e value obtained  w ithou t use 
of c itric  acid

Contamination by arsenic and silicon cannot be so easily 
avoided. As molybdenum is always present and is apt to 
contaminate the final precipitate, the most satisfactory pro
cedure for the elimination of arsenic, where time is a minor 
consideration, lies in a preliminary precipitation with mag
nesia mixture as above, followed by solution of the precipi
tate in acid, elimination of arsenic and molybdenum by pre
cipitation with hydrogen sulfide, and reprecipitation of the 
phosphate as in pure solutions. A more rapid and quite 
satisfactory separation of small amounts of arsenic can also 
be had by adding ammonium bromide to the hydrochloric 
acid solution of the first precipitate and then boiling to a 
small volume.

Silicon, which may be introduced from the original material 
with reagents, or by attack on glassware, is ordinarily not 
separated until the pyrophosphate has been weighed. This 
is then dissolved in dilute acid and any silica determined in 
the usual manner and deducted.

IV. F i n a l  D e t e r m i n a t i o n  o f ' P h o s p h o r u s  b y  t h e  
A l k a l i m e t r i c  M e t h o d

This is by far the most important and widely used method 
for the rapid, routine determination of such small amounts 
of phosphorus as are found in iron, steel, and bronze. It is 
not satisfactory for large amounts of phosphorus such as are 
found in phosphate rock. In this method the ammonium 
phosphomolybdate is usually first washed with cold dilute 
nitric acid, 1 to 2 per cent by volume, and then with a cold 
neutral 1 per cent solution of potassium nitrate. The pre
cipitate is then dissolved in an excess of standard alkali so
lution and the excess determined by titration with standard 
acid in the presence of phenolphthalein as indicator. The 
reaction can be expressed by some such equation as the fol
lowing if we assume that the washed precipitate has the 
indicated formula:

Phenolphthalein is not an ideal indicator for the titration 
on account of its sensitiveness to carbonic acid and behavior 
in the presence of ammonium salts. No other indicator 
has, however, proved as satisfactory in general practice. The 
interference of carbon dioxide can be avoided by proper 
preparation of the alkali solution, and the amount of ammo
nium salts is usually too small to have any serious disturbing 
effects. In the case of large amounts of phosphorus, some 
methods call for the addition of an excess of standard alkali, 
boiling to expulsion of ammonia, and then titration.

It is apparent-that this method is dependent on the com
plete recovery of phosphorus as a pure compound of definite 
composition. As has been noted, this requires attention to 
such factors as acidity, concentration of the precipitant, and 
temperature of the solution, as well as the absence of such 
elements as quinquivalent vanadium, titanium, zirconium, 
and arsenic.

It is idle to discuss the proper method of calculating the 
phosphorus titer of the standard alkali solution, as it is plain 
that the only proper procedure lies in the adoption of a 
definite method of analysis and standardization of the alkali 
solution by means of like material of known phosphorus 
content (as determined gravimetrically) carried through all 
the steps of the method. In cooperative analyses of this 
Bureau’s irons and steels, the alkali solution is standardized 
against the Bureau’s standard benzoic acid and its phosphorus 
titer then calculated on the basis of 23 molecules of sodium 
hydroxide to one atom of phosphorus. This is done in order 
to provide data which have a common basis, and the results 
so obtained after a molybdate precipitation at 40° C. by the 
method to be described are surprisingly close to the true 
phosphorus values.

The interfering substances have been mentioned above. 
As has been stated, vanadium, titanium, and zirconium 
tend to delay the precipitation of the phosphomolybdate and 
to contaminate the precipitate; the first effect is aggravated 
in this method, as the precipitation period (usually 10 to 20 
min.) is short. As the impurities may also cause consump
tion of standard alkali, the errors are sometimes compensat
ing. Arsenic, which delays the complete precipitation of 
phosphorus at 10° to 20° C., contaminates the precipitate 
in traces at these temperatures and in practically complete 
amount at 60° to 90° C.; with arsenic, therefore, the general 
trend is toward high values. As has been pointed out, the 
interference of vanadium can be avoided by previously re
ducing it to the quadrivalent condition and then precipitat
ing for a slightly longer period at a lower temperature. High 
values are caused by excessive amounts of sodium salts such 
as may be introduced through sodium carbonate fusions. 
These are occasioned by the formation of a phosphomolyb
date containing an excessive amount of molybdic and nitric 
acids, and are more marked in pure solutions than in the 
presence of considerable iron.

In normal runs by the alkalimetric method, practically 
the same values are obtained whether the phosphomolybdate 
is filtered off after 15 min. or 12 hrs. For example, runs 
with two different low silicon steels at 15-rnin., 30-min., 2-hr., 
and 12-hr. periods gave 0.0245, 0.0249, 0.0260, and 0.0265 
per cent phosphorus, respectively, with the one steel, and 
0.298, 0.301, 0.306, and 0.306 with the other. The slightly 
higher values in the longer periods are ascribed to changes in 
the composition of the precipitate rather than to more com
plete deposition. A 15-min. precipitation is sufficient for 
alkalimetric determinations except in abnormal solutions 
such as those containing reduced vanadium or hydrochloric 
acid, where at least 30 min. are necessary.

( N H i) jPO *.12M oOi +  2 3 N aO H  =  1 lN a iM o O ( +  (N H .) îM oO« +  N a N H iH P O i
4 - l l H i O

(To be concluded)
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Contam ination of W ate r  Samples w ith Material Dissolved 
from Glass Containers1’2

By W . D . Collins and H . B . Riffenburg

U. S. G e o l o g i c a l  S u r v e y ,  D e p a r t m e n t  o p  t h e  I n t e r i o r , W a s h i n g t o n , D .  C.

THE SOLUBILITY of glass in water was suggested by 
Lavoisier3 in 1770 as a probable explanation of certain 
results obtained by earlier experimenters who had 

assumed that distilled water held for some time in glass 
vessels did not contain any dissolved mineral matter. Refer
ences to other articles on this subject and reports of tests of 
the durability of glass are given in a bibliography by Turner4 
prepared in connection with studies by Cauwood, English, 
and Turner5 on the resistance to reagents of vessels made 
from different types of glass. These studies, like those of 
Nicolardot,0 and of Walker and Smither,7 were made with 
reference to the quality of chemical glassware developed in 
England, France, and the United States to take the place of 
the ware formerly imported. All these authors refer to papers 
by Mylius8 and by Foerster,9 who published some of the 
earlier comprehensive studies on the resistance of glass to 
reagents. Solubility tests are included in the . series of 
articles by Peddle1“ on the development of various types of 
glass.

The necessity for teste of alkalinity of glass ampuls and 
other containers for medicines has been noted by Biihrer11 
and by Kroeber11 who describe the precipitation of medicinal 
agents by alkali dissolved from glass containers.

The requirements of glass for bottling purposes are dis
cussed in an article by Frink,13 in which he gives the results 
of tests on the solubility of different bottles. Analyses of the 
glasses are also given. Turner14 reports tests of a number of 
English bottles and Bitting16 gives data on the solubility of 
some American bottles treated with distilled water and with 
dilute acid.

The results reported by Frink, by Turner, and by Bitting 
have one feature in common. The bottles were nearly all 
either good or bad. Few were intermediate in character. 
Some bottles tested by Turner gave up one hundred times as 
much alkali as the more resistant ones. Nearly all of those 
tested by Bitting were quite resistant but the few that were 
not gave up about ten times as much alkali. This character
istic appears in some of the tests of chemical glassware. As 
would be expected, the glasses with higher percentages of 
alkali are usually the ones that give up the largest quantities. 
This is undoubtedly well known to the manufacturers.

1 Received June 28, 1922.
2 Published  by  permission of th e  D irector, U . S. Geological Survey.
* Memoires de I’Academic des Sciences, 1770, 73, 90.
* J .  Soc. Glass Tech., 1 (1917), 213.
5 Ib id ., 1 (1917), 153. F u rth e r studies reported  in Ibid., 2 (1918), 219, 

235; 3 (1919), 129, 228; 6 (1922), 17, 30.
* Compl. rend., 163 (1916), 355.
7 B ur, Standards, Tech. Paper 107 (1918).
* Z. Instrumentenk., 8 (1888), 267; Z. a?iorg. Chem., 55 (1907), 233; 

67 (1910), 200.
» Z. anal. Chem., 31 (1892), 241; 33 (1894), 299, 381; Ber., 25 (1892), 

2494.
»  J ,  Soc. Glass Tech., 4 (1920), 3, 299; 5 (1921), 72 ,195, 201.

Schweiz, Apoth, Ztg., 56 (1918), 285.
12 Pharm . Zentralhalle, 59 (1918), 223 ,233 ; Schweiz. A poth . Ztg,, 59 

(1921), 369, 382.
13 Trans. A m . Ceram. Soc., 15 (1913), 706.
i* J .  Soc . Glass Tech., 3 (1919), 37.
15 Glass Industry, 2 (1921), 235.

Glass bottles are the best containers for samples of water, 
provided they happen to be good bottles. Even the best 
glass is slightly soluble in water and poor glass may be so 
soluble as to affect seriously the composition of a sample held 
for only a few days. Some bottles of the latter kind that had 
been received in the Water Resources Laboratory were filled 
with distilled water, tap water, and a solution of sodium 
carbonate (about 0.5 g. per liter), and the contents examined 
from time to time over periods of from 7 to 15 mo. At 
the same time bottles made of ordinary good bottle glass 
were tested in the same way. The results for 8 mo. are 
shown in Figs. 1 ,2, and 3. The upper part of each figure shows 
the data for the good bottles and the lower part shows the 
poor ones.

In water analysis the bicarbonate, carbonate, and hydroxide 
radicals are determined by titration of the alkalinity with 
standard acid, generally with phenolphthalein and methyl 
orange indicators. This regular determination was made on 
samples from the bottles and all the results were calculated to 
bicarbonate (H C03). The original value for bicarbonate was 
subtracted, and the remainder, the alkalinity in parts per mil
lion taken up from the bottle, was plotted against the time in 
months that the solution had been in the bottle (Fig. 1). 
It is obvious that the increase in alkalinity is due to sodium 
hydroxide and this is evident from the actual titrations which 
show decreasing values for bicarbonate and increasing hy
droxide, with the carbonate increasing to a maximum and 
then decreasing.

Filtered samples of the solutions were evaporated to dry
ness and weighed after heating for 1 hr. at 180° C. These 
results are shown in Fig. 3. Silica in the residues was deter
mined in the usual manner and the results are shown in Fig. 2.

Two samples of tap water and one sample of distilled water 
that had been in poor bottles for 12 and 15 mo., respec
tively, were analyzed by the regular procedure followed in the 
Water Resources Laboratory, which is practically that of the 
Standard Methods of the American Public Health Association. 
These results are given in the table, together with an analy
sis of tap water made at the time the bottles were filled.

The results plotted in Figs. 1, 2, and 3 show that the good 
bottles did not give up enough soluble material in 6 or 7 
mo. to affect an analysis seriously, except for the silica 
taken up by the sodium carbonate solution. No determina
tion of total solids was made on this sample, but the increase 
must have been considerable. Alkalinity and silica in the 
distilled water and tap water in the poor bottles increased 
nearly as much in one month as in six. The sodium carbonate 
solution showed a more regular increase in silica content and 
the few samples of distilled water and of tap water tested 
after 15 mo. had considerably more silica than at the end 
of 6 mo.

The fact that tap water or distilled water can take up 20 
or 40 parts per million of silica from a bottle in a month shows 
the importance of this question in connection with water 
analyses and at the same time suggests a simple test for sample 
bottles. If distilled water held in a bottle for a month at 
ordinary room temperature has not dissolved more than one
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F i g .  1— A l k a l i  D i s s o l v e d  f r o m  G o o d  B o t t l e s  
( U p p e r )  a n d  f r o m  P o o r  B o t t l e s  ( L o w e r )  

E x p r e s s e d  a s  H CO i

F i g . 2— S il ic a  (S iO j) D is s o l v e d  f r o m  G ood  
B o t t l e s  ( U p p e r ) a n d  f r o m  P oo r  B o t t l e s  

(L o w e r )

F ig .  3— T o t a l  S o l i d s  (T . S .)  D i s s o l v e d  f r o m  
G o o d  B o t t l e s  ( U p p e r )  a n d  f r o m  P o o r  

B o t t l e s  ( L o w e r )

or two parts per million of silica, the bottle is likely to be 
satisfactory for water samples. An unfit bottle can be 
detected by titration of the water that has stood in it for a 
few hours or a week.

The table of analyses shows that the large effects on an 
analysis are in the silica, sodium, and alkalinity. The 
changes in carbonate and bicarbonate in the tap water 
correspond almost exactly to the change in sodium. The 
results in the table are in complete agreement with those 
obtained occasionally when a sample has been analyzed that 
has stood too long in a poor bottle and a later check sample 
has been procured in a good bottle and examined promptly.

A n a l y s e s  S h o w in g  S o l u t io n  o f  M a t e r ia l  f r o m  P o o r  G l a s s  B o t t l e s  
(P a r t s  p e r  M il l io n )

D istilled
*---------------T a p  W a t e r ---------------■» W a te r  1 5

1 Y ear in B ottle  M onths in 
As D raw n1 N o. 1* N o. 2 s Bottle*

Silica (S iO j)...........................................  8 .2  39 53 142
Iron  (F e ) ................................................. 0 .1 5  0 .1 5  0 .1 5  Trace
Calcium  (C a )........................................  18 19 18 1.1
M agnesium  (M g )................................. 4 .3  3 .3  3 .2  0 .2
Sodium  and  potassium  (N a +  K ) . .  2 .2  18 24 22
H ydroxide radical (O H )...................  0 0 0 2
C arbonate  radical (COa)...................  0 24 31 34
B icarbonate  radical (HCOa)  52 41 41 0
Sulfate radical (S O 0 ........................... 19 21 22 3 .5
Chloride (C l)........................................ 4 .0  4 .0  4 .0  T race
N itra te  radical (N O j)......................... 3 .9  3 .9  3 .8  T race
T o ta l dissolved solids a t  180° C . . . 91 150 177 208

* Analyzed by  C. S . H ow ard .
* Analyzed by H . B. R iffenburg.

Most natural fresh waters contain an excess of carbon 
dioxide, and therefore the regular analysis shows the presence 
of bicarbonate and no carbonate or hydroxide. A few 
natural waters are deficient in carbon dioxide and some have 
dissolved from rocks enough sodium silicate to show hy
droxide, but these last are-very rare. If an analysis of a 
natural water shows a large proportion of carbonate or any 
hydroxide, and the silica is over 30 to 40 parts per million, 
there is ground for suspicion that the sample contains dis
solved glass. Further investigation may show the presence 
of 50 or 60 parts per million of silica in a natural calcium 
bicarbonate water or larger quantities in a natural sodium 
silicate water, but more frequently it will be found that the 
high silica and the hydroxide come from solution of the con
tainer.

C o n c l u s i o n

Samples of water in good bottles will not dissolve enough 
glass in a month to cause any detectable change in the ordi
nary mineral analysis. No significant change will be caused 
in 6 mo. Samples in bad bottles a week, and sometimes 
only a day, may dissolve enough glass to change the char
acter of the water as shown by an analysis.

The greatest changes are the increase in silica and sodium, 
and the change of the alkalinity from bicarbonate to carbonate 
and hydroxide with an increase of total alkalinity correspond
ing to the sodium.

Bottles may be tested for resistance to solution by filling 
with distilled water and examining the solution after a 
month. Titrations with acid and determination of the total 
solids and the silica will show the extent of the action.

N a v y ’s R ecognition  of C hem ists Urged
On December 1, Charles L. Parsons appeared before the N aval 

W age Board, Admiral Strauss, chairman, to  discuss the status 
of chemists in the N avy  and to  urge that professional chemists 
be given a professional standing in N a v y  service. Under present 
regulations the N avy  is the only place in the United States where 
chemists are paid wages on a daily scale, and it is believed that 
they should be paid an annual salary, promoted to  grades carry
ing titles to indicate their professional status, and, in general, be 
treated in a manner becoming to  men who are professional and 
technical specialists. Dr. Parsons gave in som e detail the train
ing required and the custom elsewhere in recognizing the pro
fession of chemistry. H e stated that in view  of the support 
which the N avy  gave chemical research during the war and its 
appreciation of the work of chem ists, it  seemed incompatible for 
it to continue its present policy with respect to  chemists.

The editor of T h i s  J o u r n a l  followed with further statem ents 
along the same general lines. I t  is hoped that early action on 
the part of the Board m ay change the present unsatisfactory  
condition.

The University of W ashington, Seattle, W ash., has announced 
the 27th annual winter mining session, to  continue from January 
4 to March 21, 1923. N o  previous training is required for 
entrance. The expenses of the courses consist of laboratory de
posits for material actually used and a university fee of $20. The 
course in ceramics includes the study of clay-testing lime, plaster, 
cement, brick, stoneware, whiteware, refractories, glaze studies, 
clay technology, and terra cotta manufacture.
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An Improved M ethod of Analysis for “ 85 Per cent 
M agnesia” Covering1'2

By H . W. Greider3

M e l l o n  I n s t i t u t e  o r  I n d u s t r i a l  R e s e a r c h , U n i v e r s i t y  o f  P i t t s b u r g h , P i t t s b u r g h , P a .

T h e  a c c u r a t e
analysis of “85 per 
cent magnesia" cov

erings, used for the heat 
insulation of steam pipes, 
boilers, locomotives, and 
many other heated surfaces, 
offers considerable difficulty 
to the commercial analyst.
This product, which is an 
engineering material of con
siderable importance, con
sists of a molded mixture 
of about 15 per cent long 
fiber asbestos and 85 per 
cent light magnesium car
bonate, from which fact is 
derived the commercial des
ignation of the material.
The asbestos may vary in the product of different manu
facturers from about 8 per cent to 23 per cent, and is 
used to give the material greater structural strength. For 
the most efficient, combination of mechanical and heating 
insulating qualities, it is usually considered that the material 
should contain not less than 10 per cent of asbestos fiber, 
nor less than S5 per cent of light magnesium carbonate. 
The magnesium carbonate used in this material is manufac
tured commercially in this country by the rapid heating, 
under carefully controlled conditions as to concentration and 
rate of heating, of a solution of magnesium acid carbonate.

The usual method of analysis for “So per cent magnesia” 
involves dissolving the magnesium carbonate from the 
sample with dilute hydrochloric or acetic acid and filtering 
off the asbestos fiber; the iron oxide, alumina, lime, and 
magnesia then being determined in the filtrate. The fac
tor 0.8723 has usually been employed to convert the magne
sium pyrophosphate, obtained in the gravimetric determina
tion of magnesia, to the basic magnesium carbonate present 
in the original sample, assuming the empirical formula 
4MgC03-Mg(0 H)2.5H2O as representing the composition 
of the magnesium carbonate.

It has been found in this study of the analytical method 
that there are two principal sources of error in the procedure 
as ordinarily carried out. The first error results from the 
fact that the Canadian serpentine asbestos fiber, which is 
almost invariably used in the manufacture of 85 per cent 
magnesia, is somewhat soluble in water and considerably 
more soluble in dilute solutions of acids, so that a part of the 
fiber is lost as a result of the acid treatment and subsequent 
washing of the fiber, introducing into the solution, also, 
small amounts of magnesium ion from the dissolved asbes
tos, which are later precipitated in the determination of mag
nesium carbonate. The magnitude of these losses is shown

1 R eceived M ay  27, 1922.
2 T his im proved m ethod of analysis was developed as the  resu lt of an 

investigation  conducted  for the  M agnesia Association of Am erica, a t  the 
M ellon In s titu te  of In d u s tria l R esearch, U niversity  of P ittsb u rg h , P it ts 
burgh , Pa.

* In d u s tria l Fellow, M ellon In s titu te  of In d u s tria l Research.

in Table I, where 0.7500 g. 
of the same grade of as
bestos fiber as used in the 
manufacture of the product, 
corresponding to 15 per 
cent of a 5.0000 g. sample, 
was allowed to stand for 2 
hrs. in contact with acidi
fied solutions of varying 
concentration under the 
same conditions as might 
obtain in the ordinary an
alytical procedure. It is 
evident that these losses 
are quite large when even 
a small excess of a dilute 
acid is present, and that it 
is desirable to filter and 
wash the fiber as promptly 

as possible .after complete solution of the carbonate has 
been effected. The presence of more than a very slight excess 
of acid in the solution at any time should, therefore, be avoided.

T a b l e  I
N e t Loss
C orrected

Loss in for H ygro N e t Loss
W eight of scopic ' P er cen t

F iber M oisture of T o tal
S a m p l e S o l u t i o n P e r cent P er cen t Analysis

1 200 cc. distilled w ater, 
ju s t  acid to  m ethy l orange

2.07 1 .54 0 .23
2 2 .73 2 .2 0 0 .33

Av. 1.87 Av. 0 .2 8
3 200 cc. d istilled w ater, 4 .1 3 3 .6 0 0 .5 4
4 10 cc. 5 per cen t acetic  acid 3 .7 5 3 .2 2 0 .4 8

Av. 3 .41 Av. 0 .51
5 200 cc. d istilled w ater, G.O 5.47 0 .8 2
6 5 cc. 0 .1  N  HC1 6.50 6 .03  

A v. 5 .7 5
0 .9 0  

Av. 0 .8 6
7 200 cc. distilled w ater, 0 .0 0 6 .07 0.91
8 10 cc. 0.1 N  HC1 0 .22 4 .6 9  

A v. 5 .38
0 .71 

Av. 0 .81

The second source of error, and a much more important one, 
is that light magnesium carbonate, as produced by American 
manufacturers, does not have exactly the composition re
quired by the empirical formula given above, and therefore 
the gravimetric factor for magnesium pyrophosphate is in 
error by an amount corresponding to the variation from that 
formula of the actual composition of the material. In any 
case, the accuracy of a determination of this character is 
insufficient to justify the use of a factor calculated to four 
decimal places, for a substance whose composition is known to 
be variable.

There is abundant evidence in the literature to prove that 
basic magnesium carbonate is quite variable in composition, 
by whatever process it is manufactured, but that the most 
uniform material is obtained by the heating of a magnesium 
acid carbonate solution. The variability in the composition 
of this material is indicated by the formulas in Table II, de
duced by several investigators who prepared the light car
bonate under different experimental conditions. It is evident, 
therefore, that it will not be possible to determine a factor 
for use in the analytical procedure which will give accurate 
results for every commercial sample of this product, and it 
was the purpose of this investigation only to determine one

The proximate method of analysis for commercial "85 per cent 
magnesia" heat-insulating coverings has been studied, particular at
tention having been paid to the method of sampling, the separation and 
determination of the asbestos fiber, and the determination of a neu) 
and more correct gravimetric factor for the calculation of basic 
magnesium carbonate from  magnesium pyrophosphate. The 
sources of error have been investigated, particularly the variability  
in the composition of the light magnesium carbonate used in the 
manufacture of the product.

A s a result of this study an improved analytical procedure has 
been developed, and it has been shown from  the results of numerous 
analyses that more accurate results may be obtained by its use than by 
the methods previously employed. The improved method has been 
adopted by the company members of the Magnesia Association of 
America for.use  in their laboratory examination of "85 per cent 
magnesia” products, to replace the differing methods previously em
ployed. with the object of securing more consistently uniform results.
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which would give reasonably accurate results for the routine 
examination of 85 per cent magnesia products.

F ac to r for
C alculated M agnesium
M olecular MgO P yrophos

A u t h o r i t y W eight P e r cen t p h a te
Fritsche 305.28 44 .05 0,820
Berzelius
H . Rose 485 .6 41 .50 0.872
Brill
K ra u t
F ritsche 467 .6 43 .05 0.840
K ra u t
Steffens 503 .6 40 .03 0.904
Beckurts 664.24 42 .50 0.852
B cckurts 3S3.28 42 .1 0.860

T a b l e  I I

F o r m u l a  
3M gCO j.M g(O H )i 3H sO>

4M gC0s.M gC 0H h.5H 20>

4M gCO j.M g(O H )i.4H iO

4M gC 0j.M g(O H )i.6H iO 1 
5M gCO i.2M g(O H )£7H !O i 
3M gCO ,.M g(O H )i.4H sO

P re p a re d  by  heating  a  so lution of m agnesium  acid carbonate.

A considerable number of analyses of 85 per cent mag
nesia blocks obtained from several manufacturers of the 
material were made, employing an analytical procedure em
bodying what appeared to be the best available methods, 
and using the gravimetric factor for basic magnesium car
bonate previously mentioned. It was found that in every 
case the total results for the analysis were from 2.5 to 4.2 
per cent in excess of 100 per cent. Inasmuch as the amounts 
of ferric oxide and alumina hardly exceed traces, and lime is 
rarely in excess of 2.5 to 3.0 per ccnt, and since it was found 
that the error introduced by the asbestos fiber loss due to 
acidification and washing was much too small to account for 
so great a discrepancy, it seemed obvious that this error must 
be chargeable to the magnesium carbonate which makes up the 
greater part of the sample.. It was also demonstrated that no 
decomposition of the samples took place in the determina
tion of hygroscopic moisture by heating for 24 hrs. at 105° C., 
since magnesium carbonate showed no continuous loss in 
weight beyond the 2.5 per cent of moisture usually present, 
unless heated to temperatures in excess of 250° C.

The percentage of magnesium oxide in several samples of 
technical light magnesium carbonate was, therefore, deter
mined by igniting them to constant weight, after first drying 
at 105° C., to free them from hygroscopic moisture. Table 
III shows that these samples contained from 43.4 to 43.9 
per cent of MgO, where the previously assumed empirical 
formula would require only 41.5 per cent; and that the 
basic magnesium carbonate calculated, corresponding to the 
MgO obtained, varied from 104.5 to 105.6 per cent. This 
finding seemed to account for the high analytical results 
previously obtained, since, if the MgO obtained is, as here 
shown, approximately 5 per cent in excess of the calculated 
amount, the factor used, 0.8723, must also be in error by 
approximately that per cent. The factor 0.8723, corrected 
from the average of the foregoing analyses, would thus be
come 0.832.

T a b l e  I I I

aPLB

M gO Corresponding 
to  F orm ula: 4 MgCOa- 

M g(OH)j.5HaO 
P e r cen t

MgO 
O btained 
P er cen t

Basic M agnesium  C ar
bonate  C alculated C or
responding to  M gO Ob

ta ined , P er cent
1 4 1 .5 4 3 .4 104.5
2 41 .5 43 .7 105.0
3 4 1 .5 43 .4 104.5
4 ’ 4 1 .5 43 .9 105.6
5 4 1 .5 43 .55 10*1.8
6 4 1 .5  . 4 3 .5 104.7

explained by the small amounts of lime, alumina, and iron 
oxide present, which statement also holds true for the exces
sively high MgO figures resulting on ignition of the samples.

It seemed necessary, therefore, to determine a new factor 
appropriate to the calculation of magnesium pyrophosphate 
to basic magnesium carbonate, in order that the analytical 
figures obtained for magnesia should correspond at least ap
proximately to the amount of this material actually present 
in the sample. Samples of light magnesium carbonate used 
in the manufacture of 85 per cent magnesia were obtained from 
four representative manufacturers, and each sample was sub
mitted to a complete analysis, using samples weighing 0.4000 
g. each, corresponding approximately in magnesia content 
to the aliquot solution nsed in the analytical procedure. 
The factor required to give a total analysis of 100 per cent 
was then determined, with results as indicated in Table IV.

T a b l e  I V

H ygro
W eight of T o ta l of

A lum ina Lime as M agne Analysis New C al
scopic and F er Calcium sium Pyro Using cu lated

S a m p l e
M oisture ric Oxide C arbonate phosphate F ac to r F ac to r for
P e rc e n t P er cent P er cent G ram s 0.8723 M gîPsOî

la 2 .36 0 .4 3 0 .80 0.4588 103.69 0.8380
16 2.49 0 .42 0 .94 0.4591 104.0$
2 a 2 .66 0 .4 5 3 .03 0.4546 105.24 O.S275(?)
2b 2 .80 0.43 2 .68 0 .4534 104.81
3 a 3.40 0.72 1 .65 0 .4504 103.97 0.8375
3 b 3.31 0 .72 1.83 0.4495 103 .S9
4 a 2.51 0 .38 1.93 0.4556 104.02 0 .8352
4b 2 .47 0 .4 4 2 .03 0.4522 104.29

Further evidence of the fact that the percentage of mag
nesium oxide in this material exceeds that required by the 
formula 4MgC03.Mg(0II)2.5H20  was obtained by a titra
tion of the basic magnesium carbonate. When the dry ma
terial is suspended in water, and a measured excess of 0.05 
■N HC1 is added and the liquid warmed until all the magnesium 
carbonate has dissolved, the excess acid then being titrated 
back with 0.05 N  NaOH, using methyl red indicator, it is 
found that the basic magnesium carbonate shows an alka
linity (MgO) which is 5.8 per cent in excess of that required 
by the formula above. This discrepancy is too great to be

It will be noted that, with the exception of the second sam
ple, the factor values obtained agree rather closely. The 
analyses show that the second sample contains a considerably 
greater percentage of lime as calcium carbonate than any of 
the others, which suggests that it was manufactured under 
less carefully controlled conditions of precipitation, which, 
in turn, may account for its different composition. This 
result was, therefore, discarded and the factor finally adopted 
was the rounded average of the other three values, or 0.837. 
Subsequent to the determination of this factor and the de
velopment of the improved procedure, it was learned that a 
new factor had also been independently determined and 
adopted in the laboratory of one of the large manufacturers 
of magnesium carbonate. This factor, 0.8371, is prac
tically identical with that determined in this investigation 
and was found to give good results in that laboratory.

A considerable number of analyses have been made, using 
this new factor for magnesium pyrophosphate, on various 
samples of 85 per cent magnesia prepared in different ways 
and employing improvements in the several steps of the pro
cedure which were suggested as a result of the experimental 
study of the sources of error. Typical analyses obtained in 
this way are given in Table V. Examination of these data 
shows that quite good agreement can be obtained on duplicate 
analyses made by this method, considering the variability 
in the composition of the material itself and the difficulties 
in obtaining and preparing a satisfactory uniform sample. 
The sum of the separate analytical figures approximates 100 
per cent as closely as could be expected with a material of 
this character. It should be noted here that 85 per cent 
magnesia from the manufacturer whose magnesium car
bonate sample gives the low factor indicated in Table IV was 
found to give satisfactory total analysis with the new average 
factor adopted above. The procedure recommended for 
the examination of 85 per cent magnesia is given below.

R e c o m m e n d e d  P r o c e d u r e

P r e p a r a t i o n  o f  S a m p le s — From each lo t of the material 
10 fragments are cut, using a very sharp, thin-bladed knife (such 
as a leather or rubber knife), taking great care to  slice the asbes
tos fibers off clean and avoid pulling them  out of the sample 
block in which they are imbedded. Each fragment is trimmed 
down with this knife to  a cubical shape, surfacing each face of the  
cube free from projecting asbestos fibers. The entire sample 
is thoroughly crushed and mixed and is then, if necessary, quar-
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T a b u s  V — A n a l y s e s  o f  " 8 5  P e r  c e n t  M a g n e s ia ”  C o v e r in g s  b y  t h e  I m p r o v e d  M e t h o d  ( U s in g  N e w  F a c t o r )

N o .  M e t h o d  o p  P r e p a r in g  S a m p le  
I  2 large cubes cu t from opposite ends of 

sam e block, each cube surfaced free 
from projecting asbestos fiber. E n 
tire  sam ple thoroughly crushed and 
mixed

I I  2 cubes c u t from opposite ends of 
block, prepared sam e as Sam ple I

I I I  5 cubes cu t along length of block, pre
pared same as Sam ple I

IV  10 cubes, each 2 .5  g., cu t along length
of block, prepared sam e as Sam ple I 

V 10 cubes, each 2.5 g., c u t from ano ther 
block, prepared sam e as Sam ple IV  

V I New block 10 cubes cu t a t  in tervals 
along block, prepared sam e as Sam 
ple V

V II New block 10 cubes cu t a t  intervals 
along length of block sam ple, pre
pared sam e as Sam ple VI

1 Includes the  im purities in the  com m ercial basic m agnesium  carbonate , ferric oxide, alum ina, and  lim e as calcium  carbonate.

Asbestos Hygroscopic
M oisture

A lum ina 
and  Ferric

Lim e as 
Calcium

Basic
M agnesium T o ta l of C a l c u l a t e d  to  D r y  B a s is

Fiber Oxide C arbonate C arbonate Analyses Asbestos M agnesium 1
Per cent P er cent P er cen t P er cen t P er cent P er cen t F iber C arbonate

16 .9 3 .0 2 1 .2 78 .65 99 .77 17.42 82 .35
16 .4 2 .3 77 .95 99 .67 16.9 82 .75

16.7 2 .84 0.40 2 .71 77 .26 99.91 17 .2 82 .7
1 6 .S 2 .7 8 0 .5 2 2 .37 77 .55 100.02 17.28 82 .75
14.0 2 .50 0 .56 3 .39 79 .28 99 .73 14 .35 85 .4
14.55 2 .80 0 .5 2 2 .86 78 .70 99 .48 14.95 84 .55
16.0 2 .82 0 .6 6 2% 50 77 .55 99 .53 16.47 83 .05
16.6 2 .88 0.42 2 .61 7 7 .2 5 99.76 . 17.1 82 .72
10.2 1 .30 0.38 1.46 8 7 .0 100.34 10.33 90 .0

9 .9 3 1.38 0.44 1.43 8 7 .5 100.47 10.04 9 0 .5
9 .76 2 .52 0 .24 0.21 S7.6 100.3 10.46 89 .8
9.81 2 .38 0 .26 0 .1 8 87 .85 100 .5 10.50 89 .95

19.76 1.98 0 .2 0 0 .2 5 77 .7 99 .89 20 .6 79 .25
19.99 1.88 0 .20 0 .1 8 77 .65 99 .90 20 .73 79 .15

tered down to a 25-g. sample, which is stored in a  straight-side, 
wide-mouth glass jar w ith an aluminium screw top. Just be
fore taking the sample for analysis the closed jar is shaken thor
oughly. In removing the material from the sam ple jar it is 
sim ply shaken out and is not handled w ith the fingers or any tool 
which might exert a pinching action and cause separation of 
the asbestos and magnesium carbonate.

H y g r o s c o p i c  M o i s t u r e —A 2-g. portion of the sample is 
placed on a weighed watch glass and dried at 105° C. to  constant 
weight. The loss in weight is taken as hygroscopic moisture.

F i b e r — A  5-g. sample is taken for the chemical analysis. 
100 cc. of water and 2 drops of m ethyl red indicator are added  
and approximately N  HC1 is slowly added, w ith stirring until all 
the magnesium carbonate has dissolved and a permanent pink  
color has ju s t appeared. (This will ordinarily require about 
125 cc.) The asbestos fiber is im m ediately collected by filtering 
through a dried, weighed Gooch crucible, and is quickly and 
thoroughly washed w ith cold water. The crucible and contents 
are dried at 110° C. and weighed, the increase in weight being 
taken as fiber. (If greater accuracy is desired here, the weight 
of fiber so obtained m ay be corrected by a blank determination  
on a sample of the asbestos used in the m anufacture of the prod
uct, to  determine the loss in weight of the fiber due to  the treatm ent 
w ith dilute acid and the subsequent washing.) In any case, the  
filtration of the fiber should be carried out as rapidly as possible, 
and the least possible excess of acid necessary to  dissolve the  
magnesia should be used, to  minimize this source of error.

I r o n  O x i d e  a n d  A l u m i n a — To the combined filtrate and wash
ings from the fiber determination 85 cc. of 10 per cent HC1 are 
added and the solution is brought to  boiling. D ilu te N H 4OH is 
slowly added to slight excess after the addition of 2 drops of 
m ethyl red indicator solution; the solution is boiled for a minute 
or tw o to coagulate the precipitate and expel the excess of am 
monia. T he precipitate, which consists of the hydroxides of 
aluminium and iron, is filtered off, washed w ith a hot 2 per cent 
N H iC l solution and, if the determination of iron oxide and alumina 
is desired, is ignited and weighed as Fe20 3 +  A120 3.

L im e  a s  C a l c i u m  C a r b o n a t e — The com bined filtrate and  
washings obtained above are brought to  boiling and made slightly  
acid w ith H C 1 . About 25 cc. of a saturated (4 per cent) solution  
of ammonium oxalate, or an equivalent am ount of a more dilute  
solution, are then added and the solution made slightly alkaline 
w ith  N H (O H . In order to  avoid inclusion of excessive am ounts 
of magnesia w ith the calcium oxalate precipitate, it is im perative 
that the volum e of the solution from which it  is precipitated  
should be not less than 500 cc. After boiling for 5 min. the solu
tion is allowed to  cool, and wheil thoroughly cold the bulk of the  
solution is decanted through a filter and the precipitate then  
collected on the filter and washed tw o or three tim es w ith  cold 
water, using about 50 cc. of water each tim e. The filtrate and 
washings are set aside for the magnesia determ ination. The 
precipitate on the filter is dissolved in hot dilute (10 per cent) 
H C 1 , about 60 cc. being required, and is returned to  the beaker 
in which the precipitation was made, the filter being thoroughly 
washed w ith  cold water. This solution and the washings are 
combined and brought to  boiling, a few cc. of ammonium oxalate 
solution are added and then dilute K H < O II  in slight excess. 
W hen cold the precipitate of calcium oxalate is collected on a 
filter, washed w ith cold water, dried, ignited over a blast lam p to 
constant weight, and weighed as C a O . From this weight, 
using the factor 1 .78, the calcium carbonate present in  the orig
inal sample is calculated. I t  is especially important that the

double precipitation of calcium oxalate be carried out when a c
curate results for lim e are desired, in  order to  avoid the inclusion 
of magnesia w ith  the lim e in the calcium oxalate precipitate.

T he combined filtrates, but n o t the washings from the last 
lim e precipitation, are m ade up to  1000 cc. in a standard flask. 
A 100-cc. aliquot is em ployed for the determ ination of magnesia.

M a g n e s i a — A 100-cc. portion of this solution is acidified w ith  
HC1 and diluted to  about 400 cc. A sufficient quantity— 15 cc., 
of a  saturated solution of sodium  am m onia phosphate to  pre
cip itate all the magnesia is added, and also a considerable excess 
of ammonia. The solution is thoroughly stirred until precipita
tion is com plete and is allowed to  stand at least 12 hrs. in the  
cold. T he bulk of the liquid is thep decanted through the filter; 
the precipitate on the filter is washed back into  the beaker and 
dissolved in the sm allest possible am ount in dilute HC1. A few  
drops of phosphate solution are added and then ammonia in 
slight excess, w ith stirring, as before. After standing 6 hrs., the  
precipitate is filtered off and washed w ith  dilute ammonia (1 :1 0 ). 
I t  is then dried, detached from the paper and the latter burned 
in the weighed crucible in which the precipitate is to  be ignited  
and weighed. T he ash from the paper is strongly ignited and 
the precipitate itself is then placed in the crucible, heated gently at 
first, and when ammonia is no longer evolved, the heating is 
increased to  a full blast and continued for a t least 20 min., 
cooling, weighing, and reigniting until constant w eight is obtained. 
The residue is m agnesium pyrophosphate and it  is calculated to  
basic m agnesium carbonate in the original sam ple by the fo l
lowing factor:

W eight M g2P 20 7 X  0.837 =  W eight basic m agnesium car
bonate, instead of the factor 0.8723, corresponding to  the ordi
narily assum ed com position of light m agnesium  carbonate, 
4 M gC 03.M g (0 H )2.5H 20 .  T he total of the analyses above  
should approach closely to  100 per cent if the com plete proce
dure is followed.

A method recently published by Griffin4 for the analysis 
of 85 per cent magnesia seems to be inaccurate in two re
spects. The factor used for the conversion of magnesium 
pyrophosphate to basic magnesium carbonate is 0.8723, corre
sponding to the formula 4MgC03.Mg(0 H )2.5i l 20. This 
introduces into the results a large positive error, as has been 
shown by the data above, which, however, is partly offset by 
a negative error resulting from the fact that in the determina
tion of asbestos fiber the analyst is directed to ignite the as
bestos before weighing as fiber. The chrysotile asbestos 
fiber used in 85 per cent magnesia contains about 14 per cent 
of water, which it loses on heating to the ignition temperature, 
and, therefore, in a sample containing 15 per cent of asbes
tos the minus error thus introduced into the total of the 
analysis may be as great as 2.1 per cent.

In cases where satisfactory total analyses cannot be ob
tained by the use of the corrected factor determined above, 
it will be necessary for the analyst to have recourse to a com
plete ultimate analysis of the product, involving the determi
nation of hygroscopic moisture, total loss on ignition, total 
C 02, and the calculation of the C 02 equivalent of the CaO and

* "T echn ical M ethods of A nalysis, as E m ployed in  th e  L aboratories of 
A. D . L ittle , In c .,” by  R . C. Griffin, N ew  Y ork , 1921, p. 62.



January, 1923 IN D U STR IA L A N D  ENGINEERING CHEMISTRY 53

MgO found in the sample, as well as the calculation of the results, but owing to the large number of analytical opera- 
water of constitution of the basic magnesium carbonate, by tions and calculations involved, it is not one well suited to the
difference. This method will, of course, give very accurate routine analytical examination of the material.

Studies on Manganates and Perm anganates1
I I —The Effect of Composition, Temperature, and Moisture on the Reactions Involved in the 

M anufacture of Potassium M anganate
By H . I. Schlesinger, V. T. Jackson, * and E. E . Cordrey

K e n t  C h e m ic a l  L a b o r a t o r y , U n iy k r s i t t  o f  C h ic a g o , C h ic a g o , I I I .

M a t e r i a l s  a n d  P r o c e 
d u r e

Th e  m a t e r i a l s
used in the investiga
tion were potassium 

liydroxide, containing 86 
per cent KOH and 5 .5  per 
■cent of potassium carbon
ate, and Kahlbaum’s pre
cipitated manganese diox
ide. The latter contained 
manganese dioxide in 
amount corresponding to 
44.2 per cent of manganese, 
as determined by analysis with ferrous ammonium sul
fate, and lower oxides of manganese corresponding to 5.3 
per cent of manganese. It contained only traces of impuri
ties other than water. In particular, it was free from alkali, 
chlorides, and nitrates, which might have affected the reaction. 
In preparing the mixtures and in carrying out the reaction 
the procedure of Schlesinger, Mullinix, and Popoff3 was fol
lowed. The rotary kilns were, however, heated electrically, 
thus permitting more accurate temperature control and de
crease in the amount of contamination with carbon dioxide. 
In many of the runs the mixes were heated in oxygen instead 
o f in air, since this materially reduced the time required 
for each run, but did not affect the final result.

The progress of the reaction was followed by the same 
analytical procedure as in the previous work, except that in 
addition to determining the manganate and total manganese 
content of samples taken from the mix at various times, we 
also determined the amount of carbon dioxide absorbed dur
ing the runs, especially during the process of remoistening 
described in the first paper. This analysis was made by acidi
fying a sample of the mix and then absorbing and weighing 
the liberated carbon dioxide. While the potassium carbon
ate formed in the mixes by the taking up of carbon dioxide has 
no direct effect on the reaction in the range of temperature 
■employed, determination of the carbon dioxide absorbed is, 
nevertheless, essential to accurate work, since the yield de
pends upon the relative amount of potassium hydroxide and 
absorption of carbon dioxide means a loss of the free caustic.4

1 R eceived M ay  8, 1922.
* T his paper is tak en  in p a rt from  m ateria l p resented  by  V. T . Jackson 

t o  th e  facu lty  of th e  U niversity  of Chicago in  p a r t  fulfilm ent of th e  re- 
-quirem ents for th e  degree of D octo r of Philosophy.

* Schlesinger, M ullinix, and  Popoff, T h i s  J o u r n a l ,  1 1  (1919), 317.
4 T h a t potassium  carbonate  itse lf is w ithou t influence in th e  reaction  

was dem onstra ted  by  adding  0.3 mol of th e  carbonate  to  a mix of 2.4 mols of 
th e  hydroxide and  1 mol of m anganese dioxide and  heating  th e  new m ixture 
in  a  s tream  of oxygen. T he  yield of m anganate  was th e  sam e as th a t  ob
ta in e d  in th e  absence of th e  carbonate.

E f f e c t  o f  T e m p e r a t u r e  
o n  Y i e l d  

Four series of experi
ments, at 415°, 325°, 270°, 
and 235° C., respectively, 
were carried out. At the 
higher temperatures ratios 
of potassium hydroxide to 
manganese, expressed in 
mols of each varying from 
about 1.5 to about 3.25, 
were included, while at 
the lower temperatures 
only mixtures in which 

this ratio was above 2 were studied, for reasons which 
will appear later. For each experiment—i. e., at each “ra
tio” reported—from 15 to 30 determinations of manganate, 
3 of total manganese, and 3 of carbon dioxide had to be made 
in order to follow the course of the reaction. In some in
stances the number of analyses greatly exceeded these figures. 
We have, however, condensed this analytical material into 
Table I, which deals only with the final data and the results 
obtained with dry air or dry oxygen. In the first column are

T a b l e  I — Y i e l d  o p  M a n g a n a t e  O b t a in e d  w i t h  V a r y i n g  R a t i o s  o p  K O H  
t o  M n  a n d  a t  D i f f e r e n t  T e m p e r a t u r e s ,  w h e n  t h e  M i x e s  A r e  

H e a t e d  i n  D r y  A i r  o r  i n  D r y  O x y g e n
----- 415° C .— >■----- ---- 325° C - ------ s

Per cent P e r cent P er cent P er cen t
R atio KiMnO« Yield R atio KaMnO< Yield
1.617 76 .0 75 .8 1.492 7 3 .6 7 0 .8  •
1.848 7 8 .5 88.8 1.794 83 .5 86 .9
1.867 81 .7 88.2 1.910 85 .7 9 2 .5
2 .007 77 .9 91 .4 2 .016 8 5 .0 96 .9
2 .027 7 9 .5 89.7 2 .159 8 1 .6 93 .0
2.151 69 .0 8 4 .4 2 .442 63 .9 79 .4
2.182 63.9 •82.4 2 .505 6 2 .0 78 .6
2.320 62.9 7 7 .0 2.721 52 .2 67 .5
2.471 58.8 71 .9 2 .875 4 8 .3 62 .9
2.611 50.9 6 4 .8 2.976 4 1 .8 56 .5
2.770 4 4 .0 57 .6 3 .038 4 1 .4 55 .9
3.024 39 .9 5 5 .2 3 .258 40.1 '5 6 .7
3 .225 39.7 55 .5

_ _ 07« o r* _ Zoo C,.
P er cen t P er cent P e r cen t P er cen t

R atio KsM nOi Yield R atio K jM nO i Yield
2 .006 85 .3 9 5 .9 2 .024 84 .7 95 .7
2,117 82 .7 9 4 .9 2 .278 77 .2 96 .3
2.349 71 .5 9 0 .2 2.456 78 .7 99 .6
2.427 70.4 8 5 .8  • 2 .715 7 1 .2 99.4
2.523 61.7 80 .5 3 .137 4 8 .8 72 .5
2.685 55 .4 7 4 .5

given the ratios in mols of potassium hydroxide to manganese, 
determined as described by Schlesinger, Mullinix, and Popoff, 
except that a correction is now made for carbon dioxide ab
sorbed during the run; in the second column will be found 
the percentage of potassium manganate contained in the mix 
when equilibrium is reached, and in the last column the yield 
that this quantity of manganate represents—i. e., the per
centage of all the manganese present that has been converted

The experimental results published in the first paper of this series3 
dealt chiefly with the effect produced upon the y ield  by changes in 
the relative amounts of potassium hydroxide and manganese dioxide 
in the preparation of potassium  manganate by the usual process. 
Although one or two questions of interest in connection With that 
phase of the work, are cleared up by the results now to be reported, 
the present paper deals chiefly With the influence of temperature and 
of moisture on the y ie ld  and on the velocity of the reaction. Both of 
these conditions have been found to influence the course of the re
action in such a  manner that the results are of theoretical and 
especially of practical importance in connection with the manufac
ture of potassium manganate and hence of potassium permanganate.
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into manganate. These data are also graphically represented 
in Fig. 1. It is self-evident from the reaction equation

4KOH +  2MnOj +  0 2— > 2 K 2MnO< +  2H sO

that when the ratio of potassium hydroxide to manganese di
oxide in mols is less than .2, not all of the manganese dioxide 
could be converted into manganate. In spite of this we have 
given in the table for all mixtures the yield based on an as
sumed possible utilization of all the manganese, because this 
method is simpler and shows more adequately the amount of 
manganate obtainable at all concentrations. In order to 
make the picture of the course of reaction complete, we have 
added the dotted lines to Fig. 1. These represent a recalcu
lation of the yield in terms of potassium hydroxide converted 
into manganate for those mixtures in which the manganese 
dioxide is present in excess—i. e., for ratios less than 2.

From the tables, and particularly by reference to the 
dotted lines in Fig. 1, it will be seen that when the manganese 
dioxide is present in excess the reaction goes practically to 
completion. The yield, to be sure, never quite reaches 100 per 
cent. This can easily be accounted for by the assumption 
that the lower oxides of manganese, which are present as 
shown by the analytical data and which have been cal
culated as taking part in the reaction as if they were manga
nese dioxide, do not really fully become converted into manga
nate. Since, at the lower temperatures, the yield is somewhat 
higher, we may further conclude that there is an equilibrium 
between manganese dioxide and the lower oxides of such 
character that at the lower temperatures more of the manga
nese dioxide is formed from the lower oxides in the mixtures. 
These conclusions are in agreement with well-known facts 
about the behavior of the oxides of manganese in the absence 
of alkalies. Likewise, the results just discussed make clear 
that when fairly pure manganese dioxide and potassium 
hydroxide are employed in the reaction, and when allowance 
is made for the loss of the latter substance by absorption of 
carbon dioxide, complete conversion of manganese dioxide 
into manganate is obtained when 2 mols of caustic are 
used with every mol of the dioxide. The ratio of 2.5 of 
caustic to 1 of the dioxide, found to be necessary when 
pyrolusite is the source of the manganese dioxide—as is 
usually the case in the manufacture of permanganates— 
is therefore to be explained on the basis of probable impuri
ties present in pyrolusite, as was suggested in the first paper.5 
Finally, the data show that as long as manganese dioxide is 
present in excess, the yield is very nearly independent of the 
temperature—at least within the range covered by our 
experimental work. For this reason we limited ourselves at 
the lower temperatures to a study of the reaction in the 
presence of an excess of alkali.

Under these conditions the situation is quite different. 
The excess of alkali, as has already been shown in the first 
paper, decomposes the manganate, and the amount of de
composition increases with increase in the amount of potas
sium hydroxide. It will be observed that the amount of 
decomposition produced by a given excess of potassium hy
droxide is very much smaller at the lower temperatures than 
it is at the higher ones. Both at 415° and at 325° C. the yield 
becomes constant after it has fallen to 'a  little below 60 
per cent; at the two temperatures below these we have not 
investigated mixes rich enough in alkali to show this region of 
constant yield, because such mixes become exceedingly sticky 
in the rotary kilns at low temperatures and reliable sam
pling and thorough mixing become very difficult.

One other striking phenomenon is to be noted in connec
tion with the results at the different temperatures. At 415° 
and 325° C. the curves that show the effect of excess of alkali 
on the yield are single straight lines, indicating that the 
amount of decomposition of the manganate is directly propor
tional to the amount of alkali added. At 270° C., however, 
the yield at first falls slowly with increasing excess of potas
sium hydroxide until the excess is about 0.2 mol and the yield 
about 90 per cent, and then falls off more rapidly; the portion 
of the curve representing the latter phase of the reaction is 
parallel to the curves for the higher temperatures. At 235° C. 
the difference in the character of the curve is even more 
marked—the yield slowly increases until it reaches practically 
100 per cent, remains constant with further addition of alkali, 
and only after an excess of about 0.7 mol of the latter has 
been added does the yield begin to decrease. The number 
of experiments at the lowest temperature is not great enough 
to determine the exact character of this curve, but is suffi
cient for an interpretation of the results, especially so far as 
their importance to the manufacture of manganates is con
cerned.

.I t  is quite clear that the data described in the preceding 
paragraph cannot be explained satisfactorily as a purely 
thermal phenomenon. If the effect of temperature were 
solely one of displacement of an equilibrium between man
ganate, potassium hydroxide, and the products of the inter
action of these two substances, the curves should all be 
straight lines, as they are at 415° C., and should have their 
origin at the ratio 2.00 and the yield 100 per cent. Since 
neither of these characteristics is found for the group of 
actual curves, it is necessary to search for another explana
tion of the temperature effect. In this effort we were aided 
by an observation already mentioned in the first paper of 
the series. We there called attention to the influence of 
moisture on the velocity with which equilibrium is attained 
in the reaction, and to the possibility that moisture might 
affect the final condition of equilibrium. Further investiga
tion of this matter at the higher temperatures failed apparently 
to disclose anything more of interest.

At the lower temperatures, on the other hand, it was found 
that the presence of moisture has a profound influence on the  
course of the reaction. This can best be brought out by the- 
following illustrations:

A mix ia  which the ratio of alkali to  m anganese was about 3.1 
to  1.0 was prepared and heated in the ordinary w ay in air. T he  
yield rose during the first 10 hrs. of treatm ent at 235 ° C. to  72.5 per 
cent. This and the further changes taking place in the material 
are shown in Fig. 2. It will be noted that, after the first 10 hrs., 
further heating at 235° C. left the yield practically unchanged, 
although this treatm ent was continued for 15 hrs. Equilibrium  
had apparently been attained. T he mix was then heated for a 
few hours a t a temperature above 400° C. and was thereby de
composed to  such an extent th at the yield fell to  57.5 per cent. 
T he temperature was then again lowered to  235 ° C. and the heat
ing continued in dry  air. F ifteen hours of this treatm ent had 
no influence on the yield, although before the material had been  
exposed to  the higher temperature the yield had been 72.5 per
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cent. We next passed air, moistened by allowing it  to  bubble 
through boiling water, over the mix at 235° C. In approximately 
10 hrs. the yield rose to  practically 100 per cent. Finally, the  
m oistened air was replaced by dry air, w ith the result that the 
yield  again fell to 72.5 per cent, where it  became constant.

F io . 2

Apparently, then, there are three conditions of equilibrium 
corresponding to the same temperature. There is only one 
explanation for this phenomenon—namely, that the differ
ences observed under the various conditions of carrying out 
the heating at a given temperature are due to differences in 
moisture content of the material. A mix of a given compo
sition will, at a certain temperature, say, 235° C., retain a 
certain amount of moisture when the mix is heated in ordi
nary air, and in the presence of this amount of moisture will 
reach a certain yield at equilibrium. If the temperature is 
raised, some or all of the moisture is driven out of the material 
and the yield falls. If reheating at the lower temperature is 
again undertaken, but in dry air, the moisture cannot be 
regained and the yield cannot rise. If, however, the mix 
is heated in an atmosphere rich in moisture, it will take up 
more water than it had originally retained in ordinary air, 
and the yield will be higher than it originally was. Fi
nally, reheating in ordinary air will cause the mix to lose its 
■excess of moisture and the yield wall fall to its original value. 
The instance cited has been corroborated by others. Only 
one further illustration need be cited. A mix of ratio 2.5 
was heated in ordinary air at 270° C. until equilibrium was 
reached with a yield of SO per cent. When the heating was 
■continued in air moistened as described, the yield rose to 
9S.4 per cent; reheating in dry air again lowered the yield to 
SO per cent.

The phenomena which have just been described and their 
interpretation explain quite satisfactorily the influence 
which temperature has on the yield in the reaction under 
discussion. They explain also the difference in the type of 

■ curve observed at the different temperatures. When the 
temperature is low, the large amount of water retained by 
the mixes makes it necessary to add a fairly large excess of 
alkali before decomposition of the manganate will begin. 
Under these conditions the lower oxides of manganese become 
more completely oxidized to manganese dioxide, and the 
yield slowly rises until practically all the manganese is con
verted into manganate. (See curve for 235° C., Fig. 1.) At 
270° C., the tendency of the yield to rise on account of the 
transformation of the lowrer oxides is partially counterbal
anced by the decomposing influence of the excess of alkali, 
which becomes noticeable earlier than at 235° C. because of 

• the smaller amount of water present. Hence, the yield drops

slowly until all the lower oxides have been oxidized to the 
higher stage. After this phase of the reaction has been com
pleted, there is no longer any factor which masks the decom
posing influence of the alkali, and the yield drops off rapidly.

The interpretation which we have given for the effect of 
temperature on the yield also makes possible an explanation 
of the difference between our results and those of Sackur.5 
His experiments were carried out entirely with thoroughly 
dried mixes, and he found that his maximum yield was 60 
per cent. We likewise find, in the experiments referred to 
above, that decomposition of the manganate by use of high 
temperatures stops when the yield has been lowered to from 
55 to 60 per cent. Sackur’s conclusions, however, that the 
possible yield in the manufacture of manganates is on this 
account limited to 60 per cent, is manifestly incorrect, as 
has been pointed out both in this paper and in the first one 
of this series.

E f f e c t  o f  M o i s t u r e

The function of moisture in the prevention of the de
composition of manganates by excess of potassium hydroxide 
cannot as yet be explained in a manner entirely free from ob
jection. One of several possibilities may be suggested. 
According to Sackur the product formed by heating dry 
mixes of potassium hydroxide and manganese dioxide in the 
air or oxygen is a mangani-manganate of the composition 
3K2MnO4.2K2MnO3.3KjO. It is readily conceivable, if 
Sackur’s theory is correct, that in the presence of moisture 
this compound is decomposed into manganate, manganite, 
and potassium hydroxide, and that the manganite thus 
formed can be oxidized to manganate. The amount of 
decomposition of the complex compound wTould depend upon 
the amount of water present, and consequently the total yield 
of manganate would be likewise affected by the presence of 
moisture. The objection to this explanation is that one 
would expect to find necessary an excess of 1.2 mols of po
tassium hydroxide per mol of manganese dioxide, in order to 
complete the formation of the mangani-manganate postulated 
by Sackur. In the presence of moisture even more potassium 
hydroxide should be required, since the moisture decomposes 
a part of the mangani-manganate formed. But we find that 
much less potassium hydroxide is actually required. Thus, 
at415° C., the decomposition seems to be complete when the 
excess of the caustic potash is only about 0.8 mol. This 
difficulty can be avoided by assuming that a mangani- 
manganate, of some other composition—e. g., 3K2Mn04.2K2- 
MnOj.KjQ—is found under the conditions of our experiments. 
Final decision on this question must await further data.

While to the manufacturer of permanganate, which is usually 
made from manganate, the yield of the manganate is of great 
importance, the time required for obtaining the product is, 
of course, likewise a vital factor. Our results are also of 
considerable interest in this connection. In the discussion 
of this point, we are limiting ourselves to the results at 235° 
and 270° C., for tw*o reasons. From Fig. 1 it is obvious 
that at the lower temperatures, especially at 235° C., there is 
a fairly wide range of concentrations, or, better, proportions 
of the two constituents at which the maximum yield can be 
obtained; while at the higher temperatures either a relatively 
slight deficiency or a slight excess of alkali produces a consid
erable lowering of the yield. Other things being equal, the 
manufacturer would on this account alone prefer to work at 
the lower temperature. The second reason for limiting the 
discussion to the low-er temperatures is that at the higher 
ones our experiments were made almost entirely with oxygen 
in order to hasten the reaction, whereas at the lower tempera
tures the experiments were carried out in a current of air,

‘ Ber., 43 (1910), 3S1; 44 (1911), 777; Z . anorg. Chem., 73 (1912), 101.
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and thus conform more closely to actual manufacturing 
conditions. In general, at the higher temperatures the reac
tion seemed to proceed more slowly.

To present the data on the time required for the reactions, 
Table II and Fig. 3 have been constructed, but only a few 
characteristic mixes have been taken from the data at hand. 
It will be recalled, by reference to the first paper, that in many 
cases it was necessary to remove the mixes from the furnace 
and to moisten them with water in order to reach a condition of 
true equilibrium. From the notes in Column 5 of the table, 
it will be observed that this is not always necessary. Clearly, 
the process to be practical should be carried out under con
ditions which make the remoistening unnecessary. Fig. 3 
reproduces these data graphically. Crosses indicate re
moistening. The solid lines represent the data at 235° C., 
the dotted lines at 270° C. These curves have been smoothed 
out. The actual curves present many irregularities, due, 
in part at least, to difficulties in accurate sampling. Also 
there is one recurring type of irregularity that is shown 
neither in the table nor the curves. When the mixes are given 
the preliminary heating and mixing already referred to, they 
invariably take up oxygen. In some cases they take up more 
oxygen than corresponds to the equilibrium condition at the

temperature of the main experiment. This is due to differ
ence in moisture content and in temperature at the two stages 
of the experiment. In certain other respects, also, these 
data on the time element in the reactions are not strictly 
comparable for the different runs. During the preliminary 
heating, the mixes are stirred from time to time by hand. 
As the excess of water evaporates, the material first becomes 
sticky and then hard. During this period the stirring is 
attended by considerable difficulty, and on this account two 
batches prepared in exactly the same way may enter the 
rotary kilns with different manganate contents. Conse
quently, it is not surprising to find that the time required to 
attain equilibrium for mixes of the same proportion and at the 
same temperature is not always exactly the same. But these 
differences are relatively small when compared to the differ
ences found when the composition of the mixture or the 
temperature of the experiment varies, and therefore definite 
conclusions about the most favorable conditions for carry
ing out the process may be drawn from our data.
T a b l e  I I — T o  S h o w  t h e  E f f e c t  o f  t h e  C o m p o s i t i o n  o f  t h e  M i x  a n d  

o f  t h e  T e m p e r a t u r e  o n  t h e  T i m e  R e q u i r e d  t o  A t t a i n  M a x i m u m
Y i e l d  i n  D r y  A i r

M ax. T im e
Tem p. Yield R equired

R atio ° C . P e r cen t Hrs. N o t e s

3 .1 235 72 .5 7 N o rem oistening
2 .7 235 99 20 N o  rem oistening
2 .5 235 99 25 N o rem oistening
2 .3 235 98 55 R em oistened once
2 .1 235 96 75 R em oistened twice
3 .3 270 58 8 N o rem oistening
2 .5 270 82 35 R em oistened once
2.1 270 95 50 Rem oistened tw ice

These data show clearly that those conditions which favor 
retention of water by the mixes—namely, low temperature and

excess of alkali—also favor rapid attainment of equilibrium. 
Inspection of Fig. 3 will show that this is true, not only of the  
final stage in the approach to equilibrium, but that the differ
ence in velocity is noticeable in all stages except during the 
preheating when the temperature of all mixes is the same and 
all contain an excess of moisture. Of course, too low a 
temperature would probably again lower the reaction 
velocity, and too large an excess of alkali is undesirable be
cause it tends to make the mixes cake badly in the fur
naces and because it makes necessary the handling and re
covery of an unnecessary amount of material. The tempera
ture 235 ° C. seems to be very satisfactory. With regard to the 
best proportion of alkali to use, no very definite statement, 
can be made. It has already been pointed out that, because 
of the impurities it contains, pyrolusite requires a larger, pro
portion of potassium hydroxide than does precipitated man
ganese dioxide. Unquestionably, the proportion of alkali 
necessary for the best results will vary somewhat for dif
ferent grades of pyrolusite. It is, therefore, the safest pro
cedure to determine, for the pyrolusite to be used, the best 
proportion by small-scale experiments such as are described 
in this and the preceding paper of the series. In choosing 
the proportion of alkali to be used, the points brought out in 
this paper—especially the importance of using mixtures 
that will retain sufficient moisture—should be borne in mind. 
From our data it would seem that mixes containing from 
2.5 to 2.75 mols of potassium hydroxide to one of manganese- 
dioxide, or from 1.6 to 1.8 times as much potassium hydrox
ide as manganese dioxide, both figured to a 100 per cent basis, 
would be likely to give good results with pyrolusite, although 
some samples might require even a greater excess of alkali.

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

The conclusions which have been drawn from the data, 
presented in this paper differ widely in some important re
spects from what has hitherto been the practice in large-scale 
preparation of potassium manganate as a step in the manu
facture of potassium permanganate. Thus, Ullmann8 sug
gests a preheating to 200° to 250° C. and a subsequent contin
uation of the major part of the reaction at 500° C. Ac
cording to the views expressed by him, the preheating has the  
function of preparing a mix which will not sinter and which, 
will readily lose its moisture at the higher temperatures. 
The procedure as described by Ullmann, so far as we have been 
able to determine, seems to be quite generally followed in this- 
country as well as abroad. It is quite clear from our data, 
that this procedure is not the most favorable one, and that 
the theory with regard to the importance of removing the 
moisture is diametrically opposed to the facts. While we 
also recommend preheating, we do so only because it  
prepares mixes mechanically in such a way that they be
come easier to handle, and we have shown that the subse
quent use of high temperatures is decidedly undesirable.7

It is fortunate that the changes in the usual procedure, 
which seem advisable as a result of our data, are of such a 
nature that they should materially decrease the cost of the 
manufacture of manganate. For not only do they involve 
the use of lower temperatures, but they should result also 
in decreasing the time during which the heat is applied, and 
increase the yield. Our results also suggest the possibility 
that the reason why it has hitherto been impossible to obtain

* "E nzyk lopaed ie  der technischen C hem ie,”  8 (1920), 18.
* B crgius and  Sackur, G erm an P a te n t 266,347 (1912), describe a  proc

ess for the  m anufacture  of m anganates in which m oist mixes and  oxygen 
under pressure are used. Pressures u p  to  100 atm ospheres and  very  large 
excess of alkali a re  described. W e have found th e  use of oxygen to  possess 
no  m arked advan tage  over a ir, and  we have shown th e  use of high pressures, 
to  be qu ite  unnecessary if th e  proportion  of alkali to  m anganese dioxide'is- 
correct.
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satisfactory yields of sodium manganate by the analogous 
process of heating sodium hydroxide with manganese di
oxide in air, is that the' mixes containing sodium hydroxide 
do not so readily retain moisture as do those containing po
tassium hydroxide—a suggestion which is in agreement with 
the properties of the two alkalies and which we expect to 
investigate further. Finally, attention should be called to 
the fact that our experiments have been limited to laboratory 
scale runs, and that the testing out on a large scale of the 
ideas presented is considered outside the scope of this research.

C o n c l u s i o n

1—At the temperatures ordinarily employed, the reac
tion between potassium hydroxide, manganese dioxide, and 
oxygen is correctly represented by the equation:

4KOH +  2MiiOj +  0 2— >  K 2MnO< +  2H 20

For pyrolusite or other impure forms of manganese dioxide 
a larger amount of alkali may be needed to obtain a quanti
tative yield.

2—Excess of potassium hydroxide decomposes the manga
nate. This decomposition does not proceed further than to 
an extent represented by a yield of 60 per cent.

3—The higher the temperature, at least within the inter
val 235° to 415° C., the greater is the decomposition produced 
by a given excess of alkali.

4—The presence of moisture either prevents or decreases 
the- decomposition produced by alkali. Moisture also in
creases the speed with which equilibrium is attained. It is 
therefore advisable to carry out the reaction at as low a 
temperature as possible in order to retain the moisture. 
Suggestions concerning the best conditions for the manufac
ture of potassium manganate are made and are of such 
character that they should decrease its cost.

T he Electro-Preparation of Solid Alkali Amalgams in 
Q uan tity 1

By P aul M . G iesy and Jam es R. Withrow

T u b  O m o S t a t s  U n iv k r s it y , C o l u m b u s ,  O h i o

M e t h o d s  o f  A m a l g a m  
P r e p a r a t i o n

T h e  o r d i n a r y
chemical methods of 
preparation require 

care to avoid explosive ac
cident. They are usually 
carried out under xylol,2 
paraffin, or petroleum oil.3 
These substances are diffi
cult to remove completely 
from the amalgam. Then, 
too, alkali metal is not al
ways conveniently avail
able. Electro-preparation from salts of the alkali metals 
is therefore attractive, though it does not appear to give 
the strong amalgams, which may be produced by chemical 
methods—i. e., records rarely if ever exist with more than 
2.30 per cent potassium, and our results did not exceed this 
concentration.

Six general methods have been developed for the electro
preparation of alkali amalgams.

(1) Davy* "electrified” a w et paste of "barytes and red oxide 
of mercury” and obtained a solid amalgam on the negative wire.

(2) Berzelius and Pontin6 used a mercury cathode and a 
paste of barytes and lime.

(3) Robert Hare (1835)8 "was the pioneer worker to  use mer
cury as a cathode in industrial and analytical operations.” 
H e prepared calcium, barium, and strontium  amalgams by  
electrolysis of the aqueous salt solutions, using mercury as 
cathode. Hare used CaCl2 for CaO in w hat he called the “See- 
beck, Berzelius, and Pontin.” process. H is am algam  contained  
n ot over 1 in 500 of calcium. Berzelius7 used a mercury cathode

1 Received M arch  13, 1922.
2 R eu ter, Z. Eleklrochem., 8 (1902), 802.
a G. M cP. Sm ith , A m . Chem. J .,  37 (1907), 512.
* Phil. Trans., 98 (1808), 338.
* Ibid., 98 (1808), 339.
1 E dgar F . Sm ith, "C hem istry  in A m crica,” 1914, p. 312, J . B. Lippin-

c o tt & Co., Philadelphia.
1 Gmelin, 6 (1851), 97.

under a "solution of potash 
and hydrate of potash” for 
the production of potassium  
amalgam. W olcott Gibbs 
had acted as student assis
tant to  Hare in 1841, and 
later Gibbs8 introduced the 
mercury cathode for metal 
amalgam production for an
alysis. This method of Ber
zelius was used also by  
Richards and M ueller,9 with 
strong cooling for the prepara
tion of solid potassium amal
gam of high purity. Later, 
G. M cP. Smith and B ennett10 
efficiently developed this gen
eral method and extended it 
to more elements than had 

been done until then.
(4) Arlt11 suggests a stream of mercury falling through a 

solution of a salt of the alkali-metal, and a protective layer of 
carbon disulfide or chloroform between the mercury layer and 
the electrolyte during the passage of the current. Errors in this 
method were later corrected by N em st and the m ethod adapted  
to lecture experiment.12 I t  was adapted to  laboratory use by 
Kerp,15 and Kerp and B ottger.14 Corrections of impressions 
left by Kerp as to the relative densities of alkali amalgams and 
mercury and the composition of amalgams have been given by 
W ithrow,15 and Bain and W ithrow.16

(5) Shepherd17 suspended the mercut y  cathode in a porous cup at 
the surface of a sodium salt solution being electrolyzed, to  avoid the 
insulating action of the specifically lighter amalgam which accumu
lated at the surface of the mercury. He apparently obtained solid 
alkali amalgams more readily than any predecessor. This method  
was extended by G. M cP. Sm ith and W ithrow18 to potassium

« Chem. News, 42 (1880), 291.
• J . A m . Chem. Soc., 29 (1907), 045.
1» Ibid., 31 (1909), 799.
i i / .  Soc. Chem. Ind ., IS  (1896), 908; Z . Elektrochem., 3 (1897), 300; 

English P a ten t 15,129 (1896).
i* Z . Electroehem., 3 (1897), 308. 
i* Z . anorg. Chem., 17 (1898), 300.

Ibid., 25 (1900), 1.
“  J . Phys. Chem., 20 (1910), 528.
» Ibid., 25 (1921), 535.
" Ib id .,  7 (1903), 29.
«  J . A m . Chem. Soc., 29 (1907), 321.

In the present Work ( / )  the method and apparatus of Arlt, N em st, 
Kerp, and B ottgerfor the preparation of solid alkali amalgams were 
sim plified and the efficiency greatly increased; (2) the method 
modified by G. M cP . Sm ith and Bennett was also changed in order 
eventually to maintain it as the more rapid  method; (3) Shepherd's 
method was modified by the use of different diaphrams, but trouble 
was experienced through endosmosis and diaphram disintegration; 
(4) our observations indicate that solid sodium and potassium  
amalgams are lighter than mercury, contrary to the usual state
ments in the literature.

Solid  amalgams of the alkali metals are of value as reagents in a 
number of lines of work. s0 that a  rapid  and easy method of preparing 
them In quantity was desired.
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and alkali-earth amalgams, and further studied and extended to 
other salts by Frank and W ithrow.13 Serious contamination 
w ith potassium from the porous cup was found.

(6) M oissan20 and also G. M cP. Sm ith21 produced amalgams 
by electrolysis of a complex alkal ¡-mercury salt between plati
num electrodes. This method is similar in principle to  D avy’s 
work,4 and particularly to the work of Luckow22 for making 
heavy metal amalgams electrolytically, modified by Vortinann.23 
Luckow mixed mercuric chloride w ith the salt of the heavy metal 
to be electrolyzed.

Most of the methods given have been slow, and the yields 
have been low, or small quantities only have been handled. 
Therefore experimental comparisons of some of the different 
methods have been made. Notwithstanding the desirable 
features peculiar to each method, each has disadvantages 
which may possibly account for inability to secure results 
sometimes desired in our work.

T he Arlt-N ernst-K ertp and Bottger Method

When Iverp modified the Arlt-Nernst procedure, he used 
as cathode a stream of mercury continuously flowing from 
a jet-tube into a salt solution. These jets were replaced 
by others with increasingly larger bore as the amalgam 
became more viscous. This device was a decided improve
ment. A little experience with it, however, indicated cer
tain disadvantages for our purpose. Among these may be 
mentioned:

1——The process is slow, a pressure of only 8 to  10 volts being 
readily used. In 4 to  5 hrs., only 200 g. of solid amalgam and 
800 g. of liquid amalgam are produced.

2— It requires constant attention. The mercury is circulated 
as often as 150 tim es, according to  Kerp’s directions. A con
tinuous stream m ust be maintained or the tubes clog w ith crys
tals.

3— Undue decomposition of the product goes on within the 
process. The large surface of amalgam below the stream and 
which does not constantly receive current is reacted upon by 
the electrolyte, w ith which it is in contact.

4— The jet tips m ust be changed as the amalgam becomes more 
viscous, for comparatively small bore tips were used at the early 
stages of electrolysis because of the high m obility of the mercury.

5— It is hard to get a stream of mercury of any length. It  
quickly breaks into drops, making the current irregular and re
ducing the average current flow.

6— It is difficult to  carry out such an operation in an inert 
atmosphere.

Apparatus—In our work with Kerp’s method, we found 
that the apparatus could be simplified and the method im
proved in a number of ways.

It was found after slight modification that quite as good re
sults are obtained in the open air as in dry hydrogen. Instead  
of using larger jet-tubcs as the liquid amalgam became more 
viscous, w e finally used one fairly large jet-tube w ith a stopcock 
to control the flow, especially in the early stages of operation. 
T he stopcock tube was joined to the jet-tube by means of a rub
ber stopper. Electrical connection with the mercury stream was 
obtained by sticking a sharpened platinum wire through the 
stopper, so that it  projected into the mercury stream. This 
stopcock device permitted a regulation cf the size and length of 
mercury stream not possible w ith a series of replaceable jets. 
Breaking into drops was thus placed under constant control. 
The introduction of this stopcock, however, brought its own 
difficulty in the form of arcing. During operation, electro
ly te  worked its way up through the jet to  the stopcock, breaking 
the mercury stream into drops or slugs a t this point, and arcing 
resulted. This was entirely avoided by making electrical con
tact w ith the mercury column below the stopcock near the 
tip (instead of a t the top of the same) by another platinum wire 
hooked over the top of the jet-tube, reaching down through the 
tube alm ost to the je t or tip. The electrolysis chamber as

i® J .  A m . Chem. See., 42 (1020), 671.
»  Compt. rend., 144 (1907), 790.
!■ Her., 40 (1907), 2946.
11 Z . anal. Chem., 25 (1SS6), 113; Chem. Zlg., 9 (1885), 338; J . Am . 

Chem. Soc., 2 » (1903), 8S4.
»  Ber., 24 (1891), 2749.

first modified was an ordinary small percolator of about 250-cc. 
capacity with a goosenecked exit tube sealed in  the bottom  with  
plaster of Paris. Trouble arising from the migration of electro
lyte down into this tube, causing a rise in the level of the mercury 
in the percolator, was eliminated by inserting a capillary tube 
and blowing out the liquid. T he air was allowed to  bubble 
out through the mercury.

Various modifications of 
this apparatus were tried, as 
later discussion wall point out.
Fig. 1 shows the modified 
apparatus in its final form.
It is desirable that the deliv
ery tubes be long enough to 
reach the bottoms of the re
ceiving vessels, as any splash
ing tends to the formation of 
impurity, which appears to be 
a mixture of mercury in high 
subdivision, oxide, and ■stop
cock grease.

In addition to the contact 
made with the stream of mer
cury just before it leaves the jet 
tip, electrical connection was 
made with the bottom layer
of mercury by means of a
platinum wire sealed through 
the bottom of a glass tube.
The connecting of current at 
the bottom keeps the mercury 
at the bottom an active cath
ode, thereby reducing decom
position as well as accelerating 
production. By this means 
the process goes on, even if the stream of mercury must be
stopped for any reason. With the double electrical contact
arrangement, the use of a stopcock in the inlet tube intro
duces no arcing effect. A long stream of mercury is not so 
necessary and less attention is thereby required and a con
stant current can be maintained. A sixfold higher current 
can also be used, which reduces the time required, and heats 
the electrolyte to near the boiling temperature. Actual 
boiling of the electrolyte gives undue evaporation. This 
heating effect enables a stronger alkali amalgam to be more 
easily produced than if the mass were becoming pasty or 
stiff. Thus, when the liquid is subsequently chilled, a higher 
yield of solid amalgam is produced. The factor of “constant 
attention necessary” could not of course be dispensed with, 
although it becomes a less serious matter in view of the great 
shortening of the total time necessary for reasonable yield 
with the modified apparatus.

P r o c e d u r e —In operating the modified apparatus, mer
cury is placed in the upper reservoir, and the saturated 
solution to be electrolyzed is placed in the electrolysis cham
ber.24 The upper stopcock is then regulated to give a con
stant stream of mercury through the electrolyte in the sepa
ratory funnel. The lower cock is then adjusted to maintain 
a slight layer of mercury and amalgam at the bottom of the 
separatory funnel. Both the mercury stream and the layer 
at the bottom of the chamber are made cathodes during pas
sage of the current, as described above under “Apparatus.” 
The dilute amalgam, which is drawn off from the bottom of 
the electrolysis chamber and through the receiving vessels, 
is transferred to the upper reservoir and again passed through 
the system. This procedure is repeated, making such ad
justments of the stopcocks as are necessary from time to

24 Prelim inary  heating  of the  electro ly te  saves a  little  tim e. Otherwise 
th is is accomplished by  th e  cu rren t. A ctual boiling is undesirable.
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time to maintain the desired rate of flow of the cathode ma
terial. When the cathode material has gained the desired 
alkali content, the product d r a w  off through the bottom  
stopcock is cooled and filtered, thereby separating out the 
solid amalgam from the liquid phase in contact therewith. 
The current conditions are indicated in the table, the usual 
■current-measuring and control apparatus being Used.

E x p e r i m e n t a l  D a t a —In the table only typical final 
results are given. The current readings are direct ones as 
measured by the usual instruments.

R un  E lectro ly te  
Sa td . K C l 
S a td . K C l 
Sa td . K C l 
S a td . K C l 
S a td . K C l 
S a td . N aC l 
S a td . N aCl 
S a td . N aC l 
S a td . N aC l 
Sa td . N aCl 
S a td . N aC l 
Sa td . N aCl 
Sa td . N aCl 
S atd . N aC l 
Sa td . KCl 
S a td . K C l

1»
2
3
4
5
6 75 
8 
9

10
11
12
13
14 
152 
10

M ercury
G.

1,000
1,000
1,000
1,000

890
1,000

250
1,000

500
250
250
250
250

1,000
250

1,000

Amperes
N o t s ta ted  

16
1 3 .5 -1 6 .5
1 7 .0 -1 5 .0
1 1 .0 -1 5 .0  

11
3

20
10

3
3

10
10

18 .5-21
3

20

Volts 
8-10 

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

10 .5  
9 .0 -1 0 .0  
0.0-8.0 

6
9 .5 -6 .5
5 .5 -5 .0
4 .5 -5 .0  

5 .2
N o t s ta ted  
N o t s ta ted  

15-12.2  
6

1 2 .5 -9 .5

T im e in Solid Amal- 
M in. gam  Yield, G.

240-300 
30 
30 
30 
30 

105 
105 
165 

80 
190 
140

200
300
183
1S3
490
132
ISO
250

None
180
170

1 R eported  by  K erp.
2 R eported  by  S m ith  and B ennett.

N o t s ta ted  50(?)
30 N o t weighed 

134 681
50 150
50 1,015

Potassium Amalgam—In the table, Run 1 shows the re
sults obtained by Kerp. Run 2 shows those obtained with 
the Kerp apparatus as modified by us to eliminate movable 
jets by the use of a stopcock, giving the required output 
in greatly lessened time and much less labor. This modified 
method actually yields 1.5 times as much solid amalgam as 
did the original Kerp method, and does it in less than one- 
eighth the time, or is about twelve times as efficient as the 
original.

When this apparatus was finally modified by substituting 
for the percolator and gooseneck a straight-stem separatory 
funnel, production was over seven times as efficient as that 
recorded by Kerp (Runs 3 and 4). Some runs were made 
in hydrogen as suggested by Kerp] but all those recorded 
here were made in air. Expt. 5 was made with the current 
taken out at both jet and bottom of the layer of mercury. 
The product showed 110 impurity either by sight or chemical 
inspection. About 2.5 times the amount of solid amalgam 
was produced in less than one-eighth the time. Therefore, 
the modified apparatus may be considered about twenty 
times as efficient as that recorded by Kerp. Since the 
amperage used is not given in Kerp’s original work, it can 
only be assumed that it corresponded reasonably with ours, 
as we used the same voltage. At the conclusion of the runs 
the hot liquid amalgam was always chilled and filtered through 
a platinum cone under suction to get the solid amalgam.

Sodium Amalgam—Kerp’s work was confiped to potassium. 
Even our modified method was not as satisfactory with 
sodium amalgam as with potassium amalgam, as Run 6 
shows, because of the more rapid decomposition of the 
sodium amalgam. Satisfactory amalgam was obtained, 
however. The same yield as in Run 6 could be obtained 
in less time. Frequently during the runs crystals of sodium 
amalgam could be seen protruding slightly from the surface 
of the mercury, confirming previous observations by one 
of the present authors.15

T h e  H a r e - B e r z e l i u s - R i c h a r d s - M t j e l l e r - S m i t h - B e n n e t t  
M e t h o d

It requires much time and labor to set up even our modi
fied form of Kerp’s apparatus as herein described. There
fore the Hare-Berzelius method as developed by Smith and 
Bennett10 was tried.

This method is extremely simple. 25 g. of mercury are 
put in a 250-cc. beaker, covered with 50 cc. of electrolyte 
and electrolyzed, using as an anode a platinum flag elec
trode, turned parallel to the surface of the mercury. Con
nection is made with the mercury by a platinum wire, sealed 
in a glass tube. The amalgam is agitated by shaking until 
it becomes too thick to shake. Then the crystals are pushed 
beneath the surface with a flattened glass rod. It seemed 
that this method would be improved upon by using mechani
cal agitation to push the crystals below the surface, and to 
try this an apparatus was devised.

The results which we ob
tained with this method con
firm in general those of Smith 
and Bennett. We were, how
ever, not always able to check 
their calculation of current 
efficiency. Run 7 is a result 
recorded by Smith and Bennett 
with their arrangement in 
which they state a current 
efficiency of 84 per cent. In 
Run 8 we changed the method 
so as to use high current and 
mechanical agitation. This 
run was started at room tem
perature, but, like the runs by 
Kerp’s method, it came to a 
boil after a time. The speed of 
the motor was controlled to suit the circumstances. The 
current efficiency was found to be less than 40 per cent, possi
bly due to high temperature. Run 9 was therefore under
taken with a lower current—10 amperes—With the result 
of no solid amalgam after 1 hr. and 20 min. It is 
evident that as far as the making of amalgam is concerned 
little advantage results from this mechanical agitation, al
though it is more convenient. As soon as the amalgam be
came pasty, the use of a stirrer was of little or no advantage. 
The use of a solenoid suggests itself but was not tried.

Runs 10 and 11 were made to duplicate exactly Smith and 
Bennett’s condition. No trouble was encountered in con
firming their results, though it will be evident that sodium 
amalgam is much more difficult to prepare by this method 
than is potassium amalgam, if one refers to Smith and Ben
nett’s potassium results (Run 15).

Run 12 was made under the same conditions except that 
a higher current was used. Again no solid amalgam was ob
tained. On chilling the liquid, however, a little separated 
out (50 g.). The electrolyte came to the boiling point in 
this run.

It was concluded, therefore, that the use of a higher current 
to reduce the time heats the liquid so that the sodium amal
gam is decomposed about as fast as the crystals form. Runs 
13 and 14 were made to find out the effect of cooling the elec
trolyte on the production of solid sodium amalgam.

In Run 13 the electrolyte was cooled by being circulated 
through a glass worm packed in a freezing mixture of ice and 
salt. A siphon with the outlet bent up kept the liquid level 
sufficiently constant. The results were entirely satisfactory. 
Solid amalgam was obtained in quantity, but its weight was 
not determined. The temperature was kept down to the 
point where the beaker was just perceptibly warm to the hand.

Run 14 shows the result when a higher current was used 
and the electrolyte kept cool by keeping the beaker in ice 
water during the run. These results were a great improve
ment over previous runs and were highly satisfactory. They 
were 2.5 times as efficient, considering time and yield, as the 
Smith and Bennett record.
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With potassium amalgam, cooling as resorted to by Rich
ards and Mueller was found unnecessary. Smith and 
Bennett’s results (Run 15) show a good yield of solid amal
gam obtained in a reasonably short time. However, in Run 
16 a much higher yield was obtained by crowding the cur
rent density so that the electrolyte came to boiling. At 
the conclusion tap water was run into the beaker, and the 
whole mass of amalgam solidified without any liquid remain
ing. The result with reference to yield and time was 6.7 
times as efficient as the results recorded by Smith and Bennett 
for their conditions, so that the method is quite capable of 
intensification. An even harder amalgam was obtained from 
1 kg. of mercury in one hour, using 19 to 21 amperes at 15 
to 12.5 volts. The hot liquid was poured off and chilled.

E f f o r t s  a t  O t h e r  M e t h o d s  o f  A m a l g a m  P r e p a r a t i o n

The Shepherd method26 would be ideal if a suitable dia
phragm were available. Such a diaphragm should be unacted 
upon by solutions of caustic alkali or by the amalgams them
selves. Low resistance at all times is essential or the heat 
generated would lower the current efficiency below that of 
Smith and Bennett, in which case convenience—lack of 
necessity for stirring—would be the only advantage. Bump
ing would also result.

It has already been shown1* that Shepherd’s method can
not be used for the preparation of pure amalgams with the 
ordinary laboratory soft porous cups, since they disintegrate 
and contaminate the amalgam. In an effort to adapt the 
method to quantity production of solid amalgams, we tried 
to find a diaphragm which would stand up under the con
ditions of temperature and alkalinity, but without success. 
Solid potassium amalgam was made using an ordinary soft 
porous cup as diaphragm and cathode container with satu
rated potassium chloride in one hour with 4 amperes at 
13 to 8 volts. The bottom tended to drop out of the porous 
cups available. Solid sodium amalgams were also obtained, 
using the same kind of cups, from saturated sodium chloride 
solutions. The conditions were similar to those mentioned 
for potassium. These amalgams were contaminated, doubt
less from the porous cups. In our efforts to find a more 
suitable diaphragm material, such things were tried as 
hardened filter paper alone, and supported by muslin, and 
alundum cups. Various devices for protecting the dia
phragms from chemical action did not save them. About 
the time solid amalgam was forming the diaphragm would 
break through. Even an alundum cup was softened on the 
outside after use for an hour and a half with a saturated 
NaCl solution and a current of 8 to 9 amperes at 14 to 15.5 
volts. However, 103 g. of solid amalgam were produced 
from 213 g. of mercury. In this run, however, much trouble 
from endosmosis was experienced.

A number of possibilities for diaphragms suggest them
selves, such as glass wool, fabric saturated with mineral oil 
and supported by metal or other gauze and the like, but 
they gave little satisfaction though they have not been 
tried out exhaustively.26

An attempt was made to produce electrolytic solid amal
gam continuously by clamping a porous cup containing 
electrolyte in a beaker into which a stream of mercury was 
delivered at the bottom. It was hoped that the overflow 
at the top would yield amalgam. The endosmosis and

»  J .  Phys. Chem., 7 (1903), 29.
T h e  preparation  of alkali am algam s by  th e  Shepherd m ethod has been 

studied  by  M üller [Z. Physik, chem. Unterricht, 28 (1915), 148; C. A ., 9 
(1915), 2487] using a  diaphragm  of closely woven canvas. T he ab strac t 
does n o t m ention the  k ind  of am algam , b u t calculations for potassium  
am algam  show his m ethod to  be possibly m ore efficient, on th e  basis of tim e 
an d  solid am algam  producible, th a n  the Sm ith and B ennett record, b u t 
also shows th a t  i t  is less efficient than  our results obtained by  crowding the 
cu rren t in th e  Sm ith  an d  B ennett m ethod.

bumping phenomena disrupted the work and it was not 
continued. It may easily be, nevertheless, that by using 
cooled circulating brine a strictly continuous and automatic 
process could be developed, should it be required. When the 
bottom of the porous cup was sealed by ceresin to the bot
tom (inside) of the beaker, it was not necessary to hold the 
cup down, but other sealing material is required to avoid 
melting by the rising cell temperature. However, it is not 
necessary to worry over diaphragm troubles, because it is 
so easy to efficiently make the amalgams in the other ways 
which we have developed, and nothing further was done in 
tliis direction.

R e l a t i v e  D e n s i t i e s  o f  A l k a l i  A m a l g a m  a n d  M e r c u r y

All the solid-alkali-metal amalgams made were found to 
float in mercury and even potassium amalgam, which, dis
integrated, gave fragments which could be felt at the surface 
of the mercury and no pieces could be felt at the bottom. 
Slow cooling of potassium amalgam gave larger crystals 
which were visible at the surface of the mercury-amalgam 
solution. Added to pure mercury they disappeared, but 
a skimming operation with a watch glass at the surface of 
the mercury recovered most of the amalgam crystals. In 
Runs 6, 10, 11, and 13, solid sodium amalgam was visible 
in chunks floating at the surface of the liquid amalgam. 
These indications confirm the contention previously made11* 
that all alkali-metal amalgams are probably lighter than mer
cury in contradistinction to the sinking of the amalgam re
corded by Kerp.u

C o n c l u s i o n s

1—ICerp’s method for electro-preparation of amalgams 
can be greatly simplified and improved by allowing the mer
cury in the bottom of the cell, as well as that from the flowing 
jet, to receive current. In this way the current can be in
creased many-fold, with a corresponding reduction in manipu
lation and in the time of run.

2—If the current be led out at the tip of the jet-tube, a 
single jet-tube with a stopcock can be used instead of change
able jets used by Kerp.

3—To produce a pure product it is not necessary to run 
in an atmosphere of hydrogen.

4—Smith and Bennett’s method can be improved by 
forcing the current, and also—for use in producing sodium 
amalgam, for which it was none too satisfactory—by cooling 
the electrolyte strongly. The use of a higher current re
duces the time required for individual runs.

5—If a suitable diaphragm could be found, Shepherd’s 
method would undoubtedly be the best.

6—Such a diaphragm would have to be unacted upon by 
solutions of caustic alkalies, by the amalgams themselves, 
offer low electrical resistance, and be a nonconductor. 
No such material was found.

7—Additional evidence shows Kerp’s indication that 
solid amalgam sinks in a mercury amalgam solution to be 
erroneous.
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scattered paint and varnish laboratories of the com pany will be 
consolidated here, as well as the research laboratory and the  
general offices of the paint and varnish division of the company.
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Permanence o f the  Griguard R eagent1
By H enry Gilman and Charles H . M eyers 

D e p a r t m e n t  o p  C h e m i s t r y , I o w a  S t a t e  C o l l e g e , A m e s , I o w a

T h e  GRIGNARD REAGENT is extensively used in 
organic chemistry, particularly for the preparation 
of the so-called fine or research chemicals. Its 

industrial applications are now largely in the fields of drug 
and perfume synthesis. The reagent is generally prepared 
by adding a solution of the appropriate RX compound in 
absolute ether to magnesium turnings. The RM gX com
pound so formed is conveniently used directly after prepa
ration. In connection with a series of investigations which, 
it is hoped, will extend the general usefulness of the reagent, 
more especially where reasonably large quantities are used, 
a study has been made of its permanence.

In a preliminary note2 mention was made of the perma
nence of ethereal solutions of ethylmagnesium iodide and 
phenylmagnesium bromide, both when exposed to daylight 
and when kept in the dark. .It has since been found that 
this applies to a rather complete series of representative 
RM gX compounds, some in highly concentrated solutions. 
All the solutions investigated were protected from the at
mosphere, because water, carbon dioxide, and oxygen react 
with RMgX compounds.

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

The Grignard reagent was prepared in the customary 
manner—in a 500-cc., 3-neck flask provided with a 
stirrer, having a mercury seal, a reflux condenser, and a 
separatory funnel. Sufficient ether was used to make about 
300 cc. of solution. At the end of the reaction the solution 
was allowed to stand a few hours in order that any sediment 
in the reaction mixture might settle. About 200 cc. of the 
ether solution were then drawn up by suction into a gas col
lector having a volume of 250 cc. The gas collectors used 
were of standard type—all-glass cylinders provided on each 
end with a stopcock. After drawing up the sample, the 
stopcocks were closed and a piece of rubber tubing fitted with 
a glass plug was placed on the delivery end to prevent clogging 
in that part below the stopcock. The containers were held 
upright on a wooden rack.

A sample was drawn off for analysis into graduated test 
tubes made from burets, the first few cubic centimeters 
being discarded. The acid-titration method of analysis 
was selected. This involves essentially the addition of 
an excess of standard acid to an aliquot, and then titrating 
back with standard alkali. The first analysis of each solu
tion was made on the day of preparation.

Inasmuch as the analysis extended over several months, 
it was necessary to determine if an appreciable quantity 
of ether diffused or leaked through the glass stopcocks. 
For this purpose two special all-glass collectors were made. 
These collectors were essentially counterparts of those used, 
with the exception that an upper portion was constricted 
to a diameter of 1 cm. This portion was graduated to 0.2'  
cc. and gave the total volume of the container from 200 cc. 
to 220 cc. A solution of ethylmagnesium iodide in ether, 
containing about 10 g. per 100 cc., was drawn into the two 
containers. The volumes of these solutions were read at 
intervals over a 4-m o.' period. The following data indi- 
.cate that the changes in volume, presumably due to a loss 
of ether, are of no serious moment.

1 R eceived Ju ly  21, 1922.
2 T h i s  J o u r n a l , 14 (1922), 243.

,------- CtHcM gl
T e m p / I I I

D ate ° C . Cc. Cc.
2-28-22 24 209 .3 211 .0
4 -2  -22 24 208.5 209 .6
5-24-22 23 207 .8 20S.0
6-26-22 24 208 .0 207.4

D a t a"

The following table records the results obtained over a 
time interval exceeding one-half year. There is no reason 
for doubting that the permanence extends over a much 
longer period.

R M gX
C o m p o u n d D ate

Aliquot
of

R M gX
A cid1

Cc.
Base*

Cc.

Acid-
Base
Cc.

G. 
R M gX  

per 
100 cc.

C H .M gl 12-8 -21
2-9  -22
3-31-22 
6-19-22

20.65
21.35
22.93
23 .2

100.65
106.2
101.0
100.0

17.0
20 .0  
12 .0  
10.9

77 .97
79 .52
84 .99
85 .46

16 .2
16 .0
15 .92
15 .83

CiH*MgBr*
1 -  5-22
2 -  9-22
3-31-22

21.25
23 .4
22 .7

128.45
156.0
150.0

13.0
26 .0  
23 .65

111.11
121.32
118.45

18.01
17.86
17 .97

N-C^HiM gBr
12-10-21

2 -  9-22
3-31-22 
6-19-22

22 .55  
20 .2  
23.1
21 .55

101.4
104.7
100.0
101.0

18.0
2 7 .0
15.8
20 .4

77.39
68.68
78 .92
73 .79

14.31
14 .17
14 .24
14.27

AT-CUHiMgBr
12-11-21

2 -  9-22
3-31-22 
6-19-22

11.95
15.6
19 .8
18.13

151.9
204.9
250.0
250 .0

15 .0
25 .0
23 .8
37 .8

131.89
171.55
218.25
199.6

4 6 .0
45 .84
45 .95
4 5 .8 »

iso-CtHiiM gBr
12-13-21
2 -  9-22
3-31-22  
6-19-22

18.90
20 .2
22 .5
22.88

100.35
101.9
100.0
101.0

34 .0
32 .0  
25 .9  
25 .25

54.99
59.21
65 .45
67.32

13.18 
13.28
13.18 
13.33

cyc/o-CiHnM gBr
1 -  4-22 

* 2 -  9-22 
3-31-22 
6-19-22

22 .0
20.3  
22 .45
22 .4

101.7
102.8 
100.0 
100.0

3 7 .0
41 .0
35.1  
34 .8

52.34
48.11
53.18
53 .58

11 .52
11.48-
11.47
11 .58

CeH*MgBr
1-10-22
2 -  9-22
3-31-22  
6-19-22

19.8
17.9 
23 .3  
22 .88

104.8
104.3
100.0
100.0

31 .0
35 .0  
18.7 
19.45

63 .45
57 .6
75 .05
74 .05

15 .02
15.07
15 .0»
15.16

CoHjMgBr
1-10-22
2 -  9-22
3-31-22 
6-19-22

13.8
14.7
22 .12
18.48

151.2
154.0
200.0  
200 .0

31 .0
2 8 .0  
17.85 
38 .6

109.85
116.65
176.19
148.5

3 7 .2 »
37 .18
37 .3 2
37 .65

CsHjCHjM gCl
1-11-22
2 -  9-22
3-31-22  
6-19-22

20 .45
18.2
23.15
24.17

53 .4
51 .7
50 .0
50 .0

24 .0
2 5 .0  
19.9 
18 .85

21 .38
18.35
24 .65
24 .85

4 .0 8
3 .9 3
4 .1 5
4 .01

£.CH,C«H<MgBr
12-11-21

2 -  9-22
3-31-22  
6-19-22

19.45
20 .15
22 .7
21 .8

121.25
102.3
100.0
100.0

5 0 .0
3 5 .0  
27 .55  
29 .2

54 .55
55.61
63.25
61.05

14 .16
13.93
14 .06
14.13

a-C ioH iM gBr4
12-12-21

2 -  9-22
3-31-22

19.58
19 .5
2 3 .9

59.7
50 .65
50 .0

3 4 .0
3 0 .0  
27 .85

14.34
10.63
12.85

4 .3 8
3 .2 6
3.21

1 0.2584 N  H*SCU, determ ined by  p rec ip ita ting  as BaSO*.
* 1 cc. N aO H  -  1.334 cc. HiSO«.
* C ontainer was broken before tak in g  fo u rth  a liquo t. .
* Solid «-CioH iM gBr separated  early  from  solution. T his accounts 

for th e  first abnorm al d rop  in concen tration  of so lu tion , and  th e  clogging 
which prevented  the  tak ing  of a  fourth  a liquot.

F ata l A ccident a t C olum bia

On Novem ber 17, 1922, an accident occurred in the Chemical 
Engineering Laboratory at Columbia University, killing in
stantly W illiam E. Spandow and injuring Reginald G. Sloane. 
M r. Sloane is apparently now.out of danger of any loss of eyesight 
and probably will have but a  slight scar. A number of other stu
dents in other parts of the room were uninjured.

Mr. Spandow was of the highest type, both personally and as 
a student. He was in his third year of graduate work in the  
chemical engineering curriculum. _

The accident occurred during an experiment where dipnenyl- 
amine was to be made by heating aniline and aniline hydro
chloride in an autoclave. The cover of the autoclave gave way  
-with the disastrous results mentioned above.
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E lectrometric A cidim etry and Alkalimetry w ithou t the  
Use of H ydrogen1

By P . A. van der M eulen  and Frank W ilcoxon

R u t g e r s  C o l l e g e  a n d  t h e  S t a t e  U n i v e r s i t y  o p  N e w  J e r s e y ,  N e w  B r u n s w i c k ,  N .  J .

THE VALUE of electrical methods for determining the 
conditions of solutions and for following the course 
of reactions is already well established, and the fields 

of their usefulness arc constantly being extended by workers in 
various branches of science. Bottger2 and Hildebrand3 have 
applied measurements of electromotive force to the determina
tion of end-points in the titration of acids and bases, while 
Crotogino4 in a similar manner has titrated oxidizing and 
reducing agents.

For the titration of acids and bases, some form of the hy
drogen electrode, usually of the bubbling type, is used as 
one electrode of a cell, the other being the mercury of a cal
omel half-element of known e. m. f. The electrolyte is the 
solution to be titrated.

Recent articles by Keeler5 and by Klopsteg6 have dealt 
with practical applications of the hydrogen electrode to 
control of plant processes and to titrations.

The use of the hydrogen electrode involves the necessity 
of a plentiful supply of hydrogen of a high degree of purity, 
and in certain solutions the electrode may become “poisoned,” 
as has been frequently mentioned in the literature.

The electrodes require also to be replatinized from time 
to time, or to be discarded.

Haber and Klemensiewicz7 have mentioned a method of 
titration for acids and alkalies in which a- glass tube was 
used as electrode instead of the hydrogen electrode. Satis
factory results were obtained, but only with glass that had 
been specially treated.

Experiments were undertaken to determine the possibility 
of using a polished platinum wire, without using hydrogen, 
in the titration of acids and bases. It was found that such 
a wire immersed in a solution of acid in distilled water, with 
a calomel lialf-cell as the other electrode, gave a fairly stable 
potential w'hose value changed as the acid was neutralized, 
the rate of change being a maximum when an equivalent quan
tity of alkali had been added.

For measuring potential differences, a potentiometer with 
mirror galvanometer and scale was used. The titrations 
were conducted in a beaker, the solution being stirred with 
an electrically driven stirrer. A small, polished platinum 
wire was suspended in the beaker so that about 3 cm. were 
immersed. A calomel half-cell of the saturated type was 
connected through a salt-bridge to the liquid in the beaker.

In the usual titrations with the hydrogen electrode, the 
mercury of the calomel half-cell is the positive electrode of 
the cell. In these titrations, however, the mercury was 
found to be negative while the platinum 'wire was positive 
except when the solution w'as quite far on the alkaline side 
of the neutral point. A reversing switch was, therefore, 
included in the circuit to avoid changing the connections 
with the potentiometer when titrating acid with alkali.

1 Received J u l y  10, 1922.
J Z . phys. Chcm., 24 (1897), 253.
» J . A m . Chem. Soc„ 35 (1013), 847.
4 Z . artorg. Client., 24 (1000), 225.
f  T h i s  J o u r n a l , 14 (1922), 395.
■ Ibid., 14 (1022), 399.
* Z . physik. Chem., 67 (1000), 385.

The method of procedure was as follows: A known amount 
of standard acid having been introduced into the beaker, 
distilled water was added to make the volume about 200 cc., 
the wire and calomel half-cell were introduced and the stirrer 
started. The titrations were carried out at room tempera
ture (about 20° C.). The voltage was determined after each 
addition of alkali, and a curve was plotted showing the volt
age corresponding to total alkali added.

Cc NaOH

FlO. 1 F io . 2 F ig . 3

The maximum change of voltage per 0.1 cc. of standard 
alkali added in these titrations is nearly 34 millivolts, which 
should make the location of the end-point a matter of no 
difficulty. (Figs. 1 and 2, and Tables I and II.)8

Cc. N aO H

T able  I  

Volts
Difference 
per 0.1 Cc.

0 0 .319 0.0006
5 0.291 0.0007
S 0.26S 0.0025
8 .9 0 .245 0.0335
9 .1 0 .178 0.0290
9 .3 0.120 0.0073

10 0.069 0.0014
15 0 .002

Cc. N aO H

T able I I  

Volts
Difference 

per 0.1 Cc.
0 0 .288 0.0003
5 0.274 0.0006
8 0.255 0.0033
8 .9 0 .225 0.0337
9 .1 0 .157 0 .0055

10 0.107 0 .0012
14 0.060

It is possible to eliminate the calomel half-cell, and to sub
stitute for it a second beaker containing a solution of alkali 
in which a second platinum wire is dipped. A titration curve 
of similar form to the curves in Figs. 1 and 2 will be obtained, 
but the actual voltages will, of course, be different. The 
results of such a titration are given in Table III and plotted 
in Fig. 3.

When it is desired merely to locate the end-point of a titra
tion without following its entire course, the potentiometer 
is not necessary. A concentration cell is made up consist
ing of two beakers, one containing the solution to be titrated, 
and the other a solution whose H-ion concentration corre
sponds to the desired end-point. These beakers are connected 
through a salt-bridge, and a platinum wire dipped in each

• In  these  titra tio n s  10 cc. 0.1 N  HC1 were ti tr a te d  w ith  COs-free N aO H . 
10 cc. HC1 =  9.10 cc. N aO H  w ith  phenolphthalein .
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T a b l e  I I I

(10 cc. HC1 titra te d  w ith N aO H , using 2 p la tinum  wires)
Cc. N aO H Volts Cc. N aO H Volts

1 0.375 9 0.200
2 0.374 9 .2 0 .158
3 0.374 9 .4 0.13S
4 0.37S 9 .6 0.122
5 0.380 10 0.107
6 0.377 11 0.0S1
7 0.374 12 0.078
S 0.368 13 0.07S

S .8 0.336 14 0.078
15 0.07S

beaker. The wires are connected through a tapping key 
to the galvanometer. 'When the deflection of the galva
nometer changes direction, the end-point of the titration has 
been reached. The results of such a titration, using two pol-

T a b l e  IV  
(10 cc. 0.1 N  HC I titra te d  w ith N aO H )

G alvanom eter Deflection 
R igh t

Cc. N aO H  
0
3 .8 .
7 .5
S.l
8 .1 5
8.20

R igh t
R igh t
R igh t
R igh t
Left

ished platinum wires, are shown in Table IV. The end
point with phenolphthalein was at 8.15 cc.

Since the voltages observed with these combinations 
must be due to selective adsorption of positively or nega
tively charged ions by the electrodes, it was thought that 
a cell might be arranged consisting of a single beaker with 
two electrodes of different materials, and that such an ar
rangement would give an e. in. f. varying with the H-ion 
concentration of the solution. This was found to be the case. 
A beaker containing dilute hydrochloric acid in which were 
immersed a platinum plate and a graphite rod, gave an 
e. m. f. that varied as the acid in the beaker was titrated with 
alkali. A sharp break in the titration curve was always ob
tained at the end-point, but the curve was somewhat irreg
ular and not reproducible throughout the entire course in 
duplicate titrations.

In all these titrations the readings obtained depended 
somewhat on the rate of stirring and the length of time be
tween the addition of alkali and reading the voltage. The 
location of the end-points, however, was a matter of no 
difficulty.

Effect of Salts upon the  Acid Hydrolysis o f W o o d 1
By E . C. Sherrard and W . H . Gauger2

F o r e s t  P r o d u c t s  L a b o r a t o r y , D e p a r t m e n t  o p  A ctficui.rum ;, M a d i s o n , W is.

T HE YIELD of alcohol 
prepared by the fer
mentation of reduc

ing sugars obtained in the 
acid hydrolysis of wood has 
been investigated in some 
detail by Kressmann.3 He 
found that with dilute acids 
he could obtain from white 
spruce sawdust a maximum 
of 22.11 per cent total 
reducing sugars (based on'

This investigation was carried on in the hope of finding some salts 
that could be used as catalysts to increase the y ield  of alcohol form ed  
by the acid hydrolysis of wood.

No close predictions can be made as to the possible effects of an 
untried inorganic salt, although in general the metals of any one 
group in the periodic table behave sim ilarly. Magnesium, zinc, 
and mercury are good examples of this, but, on the other hand, 
nickel is at some variance with cobalt and iron. Further experi
mentation is necessary before any conclusions can be drawn in this 
direction. The experiments with the hydroxy sulfonic acids in
dicate excellent possibilities in the field of hydrolytic catalysts.

the weight of original dry 
wood). Of these he was able to ferment 70.38 per cent with 
a production of 22.55 gal. of alcohol per dry ton. Since the 
white spruce experimented upon contained 58 per cent cellu
lose, of which 90 per cent may be converted into reducing 
sugars,4 the theoretical yield is 57.94 per cent reducing sugars. 
Assuming these sugars to be 100 per cent fermentable, a yield 
of 94.21 gal. of 95 per cent alcohol per dry ton should be 
obtainable.

The object of the present investigation was to study the 
effect of added salts with the hope of finding a catalyst that 
would force the reaction somewhat further or cause a higher 
per cent of fermentable sugars to be formed. The yield ob
tained by Kressmann is sufficient to make the process com
mercially feasible for the large mills in the country. In 
order to make it more adaptable to the majority of the mills 
with only an average amount of raw material available, an 
increased yield in alcohol is desirable. About 70 cooks have

1 P resented  before the  Section of Cellulose C hem istry a t  th e  63rd 
M eeting  of th e  A m erican C hem ical Society, B irm ingham , Ala., April 3 to  7, 
1922.

2 C hem ist an d  A ssistan t C hem ist in  F o res t Products.
* U . 5 . Dept. A  gr., Bull. 983.
« M onier-W illiams, J . Chem. Soc. (London), 119 (1921), 803; 117 (1920), 

1489.

been carried out, in which a 
large number of inorganic 
salts and two of the naph- 
t h a l e n e  hydroxysulfonic 
aci ds  —2-hydroxynaphtha- 
lene-6-sulfonic acid and 
1,8-  dihydroxynaphthalene- 
3,6-disulfonic acid—were
tried.

The same procedure was 
adopted in all experiments 
unless otherwise specified, 
the reaction being carried 

out in a small bronze autoclave. In each case a mixture of 
100 g. white spruce sawdust (dry weight), 200 g. of ILO, and 
2.5 g. H-iSOi (100 per cent) to which was added the desired 
amount of catalyst, was cooked at 115 lbs. steam pressure 
(175° C.) for a period of 15 min. The method of analysis 
adopted was the same as that of Kressmann.4 Owing to in
adequate mixing and nonuniform heating during the cook, 
the results obtained are about 10 per cent lower than those 
obtainable in the large rotary digester in operation at the lab
oratory. The data on these experiments are given in Table I.

After the first 29 cooks had been-made without any de
cided increase in the alcohol yield, it was decided to try the 
effect of adding glucose to the mixture before cooking. 
The opinion has often been advanced that in this reaction an 
equilibrium is soon reached at which point the glucose formed 
by the reaction is decomposed as rapidly as it is formed from 
the cellulose. Cooks 30 and 31 were accordingly made. It 
will be noted that in Cook 30,19 per cent total sugar was ob
tained over the 10 per cent added, and in Cook 31, 18.65 
per cent was obtained over the 20 per cent added. These 
results indicate that the presence of glucose had little effect 
on the end-point of the reaction, and also that little decom
position of the added sugar occurred during the period of the 
cook.
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T a b l e  I

Coole
N o. C ataly st
B lank N one
11 0 .5  per cen t Fej(SO<)i
12 1 .25  per cen t Fes(SO<)¿
13 0 .5  per cen t CuSO<
14 1 .25  per cen t CuSO<
15 0 .5  per cent NaHSOa
16 1 .25  per c en t N aHSO i
17 1 per cen t CaH«Oa para
18 5 per cent CaHeOa para
19 0 .5  per cent ZnSO*

.20 1 .25  per cen t ZnSO«
2 1  0 . 6  p er  c e n t  K jA1j(SO<)<
22 1 .25  per cent K iA1i (SO<)4
23 0 .5  per cen t NiSO«
24 1 .25  per cen t N i SOi
25 2 .5  per cent Fei(SOi)*
26 1 per cen t HjOi
27 2 per cent HsO*
28 4 per cen t HjOj
29 2 .5  per cent Fei(SCN)«
30 10 per cent C«HiïO# (glucose)
31 20 per cent CeHiiOe (glucose)
32 1 .5  + 1 .5  per cen t H 2SO4
33 1 . 5 -f-2.5 per cent HjSO« ^
34 60 m in. a t  20 lbs. per sq. in.
35 60 m in. a t  40 lbs. per sq. in.
36 1 per cen t F e ll
37 1 .5  + 1 .5  per c en t H îSOi
38 N one (residue)
39 0 .5  per cen t CrOa
40 1 per cen t UOs(NOa)a
41 0 .5  per cen t M nSOi
42 1 .2 5  per cen t MnSO<
43 0 .5  per cen t MgSO*
44 1 .25  per cen t MgSO*
45 0 .5  per cen t C0SO4
46 1 .25  per c en t C0SO4
47 1 per cen t N aO H
48 0 .5  per c en t MnSO<
49 0 .5  per cent H gCb
50 1 .25  per cen t H gCli
51 Cli
62 0 .5  per cen t Na*S
53 1 .25  per cent N aîS
54 0 .5  per cen t CioHe <  ^gQ jjj)

1 .25  per cent C10H« <  [so S h ) 

0 .5  per cent CioH< <  (s o ,H ) j

1 .25  per cent C10H 4 <

2 per cen t C,„H< <
1 .8  per cent HC1
2 .5  per cen t HC1
1 .8  per cen t H jPO i
2 .5  per cent H jPC>4 
CsH* — 7 4 .7  lbs. — 30 min. 
E th er 111.8 lb s .-  30 m in. 
C«H« — 93 lbs. — 20 min.
C«H« -  85 lbs, -  20 min.
C«H« -  100 lbs. -  60 min.

55

56

57

58
59
60 
61 
62
63
64
65
66 
67

F erm ent- /------A lcohol------ *
Reduc- able G. per Gal. per

ing Sugar Sugars K g. D ry  Tori D ry
P e rc e n t P er cen t Wood Wood

21.14 6 6 .0 71 .3 21 .35
22.37 65.6 74 .96 22.44
21 .97 69 .3 70 .70 21 .15
21 .30 6 7 .5 71 .90 21.53
21.17 56 .7 71 .10 21 .29
18.03 6 1 .0 54 .90 16.44
17.81 59 .8 53.70 16.09
20.90 6 3 .5 70 .60 21 .15
21.10 6 6 .4 67 .90 20 .35
21.50 63 .1 7 0 .70 21 .19
20.06 6 5 .2 7 6 ,0 22.78
20 .50 68 .7 60.87 20 .60
18.99 4 8 .4 54 .90 16.45
19.87 Sam ple lost
20 .74 62 .6 68 .00 17.40
21.47 66 .7 70 .1 21 .00
17.68 52 .65 4 6 .2 13.82
19.42 64 .6 6 4 .2 16.2
20 .02 61 .5 61 .8 18.53
20 .50 62 .40 60 .1 18.03
29 .10 75 .10 109.8 32.86
38 .65 78 .70 151.0 45 .20
23 .18 67 .80 7 8 .5 23.50
22 .60 88 .20 7 6 .5 22 .90

7.86 N o ferm enta tion  m ade
18.18 62 .80 56 .7 17.00
15.18 59 .40 4 4 .5 13.30
22.89 71 .40 83 .5 25 .00

5.63 N o ferm entation  m ade
14.82 54 .25 40 .0 11.95
15.94 68 .60 5 5 .0 16.45
21 .02 67 .10 70 .5 21.10
22 .80 63 .50 69 .3 20 .70
21.68 66.20 7 3 .8 22.05
22.14 64.40 69 .5 20 .80
22.37 66.20 7 4 .2 22.25
22.11 70 .10 77.1 23 .10
16.59 60 .30 4 9 .5 14.80
22.30 65 .00 71 .8 21 .50
20 .88 65 .70 68 .8 20 .60
22.74 69 .70 7 9 .6 23.85
20.00 N o t ferm entable
18.85 60 .6 56 .7 17.00
7.46 24 .9 8 .9 8 2 .69

23.17 67 .8 78 .8 23.60

23.03 67 .7 78 .75 23.60

21.34 65 .6 68.7 20 .6

21.99 66 .9 7 3 .5 22 .0

22 .82 65 .75 71 .50 21.35
21 .92 73 .0 80 .75 24.20
22. OS 74 .0 86 .40 25 .85
12.74 40 .3 26 .10 7.81
12.51 4 0 .4 25.00 7 .4 8
17.81 46.5 45 .30 13.58
16.75 58 .4 45 .80 13.72
18.38 59 .9 50.00 14.97
12.79 4 9 .2 28.14 8 .42
17.84 59.4 47 .10 14.10

on of the glucose occurs under
the conditions above, it  was thought that a second digestion 
with an additional quantity of acid might give increased 
yields. The sawdust was accordingly submitted to a double 
cooking in the hope of getting an accumulative effect, the 
sugar produced by the first digestion to be augmented by 
that produced by the second. Cook 32 was performed on a 
mixture of 100 parts dry sawdust, 1.5 parts H2SO4, and 200 
parts H2O, cooked for 15 min. at 115 lbs. steam pressure, 
when the mixture was removed from the autoclave, treated 
with an additional 1.5 parts H2SO.1, and recooked for 15 min. 
While a slight increase was noted over the blank, the results 
were somewhat disappointing, and indicate that the cellulose 
remaining from the first hydrolysis, as determined by the 
Cross and Bevan method, is much more stable than that in  the 
original wood. Cooks 33 and 37 were exact duplicates of 32 
except that in Cook 33, 2.5 parts II2SO4 were added for the 
second cooking, and in Cook 37 the period of the second cook
ing was extended to 30 min. This last procedure gave the 
best results obtained, with H2SO4 as the hydrolyzing agent, 
the alcohol yield being 17 per cent higher than that obtained 
in the blank runs using simply the standard conditions out
lined above.

Cooks made at low pressures and temperatures (34 and 35) 
for longer periods of time failed to give increased yields. By  
the use of volatile liquids—ether and benzene— Cooks 63 to 
67 were carried out at pressures higher than those obtainable

with pure steam at a corresponding temperature. A com
parison of Cooks 63 and 34 would indicate that the pressure 
has a slightly greater effect than the temperature upon the re
action. (The temperature of Cook 63 was about 121° C.)

By using HC1 instead of H2SO4, under similar conditions 
of cooking and in the same proportions (percent by weight), 
somewhat better sugar and alcohol yields were obtained. Un
fortunately, the phosphoric acid cooks were made at a time 
when the steam pressure was only 100 lbs., so they are hardly 
comparable. The general indication from the blank cooks 
made with the three acids, however, is that the acids highest 
in the dissociation series cause the greatest degree of hy
drolysis, indicating a hydrogen-ion catalysis.

In Cooks 47 and 51 the sawdust was given a preliminary 
treatment in an effort to partially break down the incrusting 
lignin and render the cellulose more susceptible to the action 
of the hydrolyzing agents. This preliminary treatment 
consisted, in the case of Cook 47, of digesting the wood with 1 
per cent NaOH for 15 min. at 175° C. or 115 lbs. steam pres
sure. The preliminary treatment of Cook 51 consisted of 
subjecting the moist sawdust to the action of a stream of 
chlorine gas for 30 min., after which it was washed with a 
solution of sodium sulfite and then water. In the first case the 
sugar yields were lower than when no preliminary treatment 
was used, while in the second the presence of the chlorine 
ion prevented a fermentation of any of the sugars formed.

Table II gives the highest and lowest results obtained with 
the various salts used as catalysts in connection with H2SO4.

- H i g h e s t  Y i e l d s  —  
Alcohol 
per T on 
of D ry

T a b l e  II
• L o w e s t  Y i e l d s  -

C ataly st
None
0 .5  per cen t MgSC>4 
0 .5  per cen t Co(NOa)* 
0 .5  per cen t Fet(S04)a 
1 .25  per cen t ZnSC>4

Wood
Gal.

21 .35
22 .05
22 .25
22 .44
22 .78

1.25  per cent Co(NOa)i 23 .10
0 .5  per cen t CioH« 

,(O K )
'(SOaK)

23 .60

P er cent 
Increase 

over 
B lank 
0.0 
3 .3  
4 .2
5 .1  
6 .7
8.2 

10.5

Alcohol 
per T on 
of D ry  
Wood 
G al. 

21 .35
C ata ly s t

N one
1 .2 5  per c en tK iA lj (SC>4)4 
1 per c en t UOi(NOa) 16 .45
2 .0  per cen t H iOj 16 .20
1 .0  per c en t N aO H  14.80
1 .0  per cen t H iO i 13 .82
1 .0  per c en t F e l j  13 .30

1 .25 p e rc e n t CioHc 23 .60  1 0 .5  0 .5  per c en t CrOa 11 .95
> (O K )

(SOjK)
1 .25 per cent H gC lj 23 .85  11 .7  1 .25  per cen t Na*S 2 .6 9

The fermentations were carried on by means of a pure 
culture strain of Saccharomyces cerevisiae, isolated from a 
Hungarian distillery bottom yeast, according to the method 
of Sherrard and Blanco. The leach liquor was nearly neu
tralized with CaC03, concentrated to a 10 per cent solution in  
vacuo, filtered, diluted with an equal volume of a 4 per cent 
solution of autolyzed yeast, which served as a nutrient, and the 
acidity adjusted to less than 5 degrees by means of Ca(OH)2. 
The liquor was then sterilized for three successive days, 
placed in the constant temperature fermentation room, and 
allowed to come to the temperature of the room, 88° F. The 
yeast culture was then added, and the fermentation allowed 
to proceed for 96 hrs.

M ethods for C hem ical A nalysis of B ab b itt M eta l 
A pproved b y  A . E . S . C.

The American Engineering Standards Com m ittee has approved  
as "Tentative American Standard” the methods for the chemical 
analysis of alloys of lead, tin, antim ony, and copper— otherwise  
known as Babbitt metal— subm itted by the American Society  
for T esting M aterials.

Two methods of analysis are included in  the docum ent ap
proved b y the A. E . S . C. T he first is a quick and fairly accurate  
m ethod intended for practical or shop use; th e  second is a 
slower, more expensive, and more exact m ethod intended for 
reference purposes or for the settlem ent of disputed questions.

The approval of the A. E . S. C. was voted  on the recommenda
tion of a special com m ittee representative of all the interests con
cerned with the subjects, of which George C. Stone was chairman.
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Furfural Resins'
By J. P . Trickey, C. S . M iner, and H . J. Brownlee

T im  M i n e r  L a b o r a t o r i e s , C h i c a g o , I I I .

EARLY in the course of the research work done on 
furfural, it was discovered that resinous masses were 
produced when it was treated with various compounds, 

especially amines and phenols. Stenhouse in IS401'* and 
Fownes in 18452 observed the formation of resinous bodies 
when furfural was boiled with acids and alkalies. Stenhouse 
in 18703 and Persoz in I8604 obtained gummy and tarry sub
stances while working with furfural and aromatic amines and 
phenols. Claisen in 18876 obtained a brown resin of indefinite 
composition when furfural was treated with 0-naphthol in 
glacial acetic acid solution, using hydrochloric acid as a 
condensing agent.

In none of these cases was any study reported, either of the 
reaction or the product obtained, aside from very superficial 
examinations of physical properties.

Meunier in 1916° prepared soluble resins from furfural and 
aniline in the presence of alkalies. The product was a black 
resin, soluble in benzene and alcohol. The solution produced 
a black enamel. He also produced resins from furfural and 
acetone.

Quite recently (1921) Mains and Phillips7 extended the 
work of Meunier, preparing soluble resins from furfural and 
various aromatic amines, acetone, methylethyl ketone, 
sodium hydroxide, and furfuramide. All these resins were 
soluble in benzene, acetone, alcohol, and furfural, forming 
varnish stains varying in shade from light brown to black.

In 1921 Novotny8 patented a process for the production 
of hot molding phenol-furfural resins, using both furfural and 
furfuramide in their preparation.

•Beckmann and Dehn in 1918® investigated the phenol- 
furfural resins, studying the reaction of 24 phenols using 
acids, acid salts, and alkalies as condensing agents. They 
report that they obtained their best result from furfural with 
phenol, raw cresol, guaiacol, carvacrol, and /3-naphthol, using 
equal parts of furfural and the phenol, and 5 per cent of hy
drochloric acid, figured on total weight of mix, as the condens
ing agent.

In this paper a very general survey of the various furfural 
resins has been made, with special reference to the phenol- 
furfural type.

P h e n o l  a n d  C r e s o l

The first work done was on the acid resins reported in the 
work of Beckmann and Dehn.

Equal volumes of phenol and furfural were mixed and 5 
per cent by volume of concentrated HC1, figured on total 
volume of mix, was added. The mixture immediately 
turned dark blue and heat was evolved. At the end of 10 
min. the mixture congealed and in about 30 min. it was firm 
enough to remove. It was still soft and about the consistency 
of cheese. After standing for several hours the resin har
dened considerably. On heating for an hour at 100° C. it 
became very hard and tough.

Similar results were obtained using U. S. P. cresol.
Similar results were also obtained with sulfuric and oxalic 

acids, although in the case of oxalic acid the reaction was less
1 P resen ted  before the  D ivision of In d u stria l and  Engineering Chem 

is try , a t  the  64 th  M eeting of the  Am erican Chem ical Society, P ittsbu rgh , 
P a ., Septem ber 4 to  8, 1922.

* The num bers in the  tex t refer to  th e  b ibliography a t  the end of this 
artic le .

vigorous and external heat was necessary to cause the reac
tion to proceed. The test tube was fitted with a reflux tube 
to keep the concentration of the reaction mixture constant.

The effect of varying the concentration of the acid catalyst 
was studied, with various mixtures of phenol and furfural. 
The mixtures of phenol and furfural in per cents were as follows:

Phenol SO 00 50 40 20
Furfu ral 20 40 50 60 SO

The concentrations of HC1 studied were 0.2 per cent, 0.4 per 
cent, and 0.6 per cent, figured as dry HC1 on total amount of 
mix.

The results of these experiments may be summarized as 
follows:

1 — In order to obtain an infusible, insoluble resin, the molecular 
proportions preferably should be slightly in excess of 1 mol 
furfural to 1 mol phenol.

2 — The resin obtained by an excess of phenol was soluble in 
acetone and alcohol, and remained a  jelly-like mass when cooled, 
even after it had been heated for a number of days.

3— The resins obtained by use of varying amounts of acid as 
condensing agent were similar but the time necessary to complete  
the reaction varied from 2  wks. in the case of 0 . 2  per cent, to 
1 0  hrs. in the case of 0 . 6  per cent acid, indicating that the acid 
catalyst is m ost effective within a very narrow range of concen
tration.

A l k a l i  R e s i n s

Beckmann and Dehn, in their work on phenol-furfural 
resins, obtained resins, using sodium hydroxide, sodium car
bonate, or ammonia, and heating in a sealed tube to 180° C. 
The resin obtained was soluble and fusible, the products being 
brown in color and considered by them inferior to the acid 
resins. They report that they were unable to obtain in
fusible resins from phenol and furfural with alkaline con
densing agents.

In our experiments we used sodium hydroxide and sodium 
carbonate as the condensing agents, and found that we 
could obtain very easily an excellent resin. The resins pro
duced by use of sodium carbonate having properties similar 
to those obtained by the use of the hydroxide, we used the 
carbonate in most of our work because of the ease of handling.

Experiments were made using proportions of phenol and 
furfural as in the acid resins, and it was found that 1 per cent 
of the monohydrate of sodium carbonate, figured on total 
weight of mix, gave a reaction mixture that was easily con
trolled.

The results obtained are summarized as follows:

1 — In order to obtain an insoluble resin, the proportions are 
preferably about 1.25 mols furfural to 1 m ol phenol.

2 — The resins formed by excess of phenol were solid and brit
tle when hot, m elted easily, readily soluble in acetone, alcohol, 
and furfural. W hen heated w ith enough furfural to bring the  
molecular proportion up to 1.25 furfural to 1 phenol, they went 
over to the infusible state. W ith these resins we were able to  
produce on a commercial scale excellent cold molded products.

On the basis of these experiments, we find it quite impossi
ble to understand the report of Beckmann and Dehn that 
they were unable to obtain infusible resins when they used 
alkaline condensing agents.

To study the effect of ammonia as a condensing agent, 
furfuramide was used in place of furfural. The resins ob
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tained, even with an excess of furfuramide, were fusible and 
soluble. After 2 mo. of intermittent heating, the resin 
was still fusible and soluble.

R e s i n s  w i t h  A n i l i n e

A few experiments were made on the basis of the work re
ported by Mains and Phillips. The results obtained by them, 
using aniline and furfural, and HC1 as the condensing agent, 
were repeated.

We also prepared resins from aniline, using sodium car
bonate. The resins were readily soluble in alcohol and ace
tone, giving a solution staining wood a reddish brown, very 
much the color of mahogany.

The resin prepared by Mains and Phillips from furfuramide, 
by simply heating this compound at 100° C. for 1 hr., 
was prepared and studied. It was found that this resin was 
impure furfurin (C15H12O3N2).

Bertagnini in 185310 prepared furfurin by heating furfur
amide at 110° to 120° C. for 1 hr., dissolving the resinous

mass formed in alcohol, precipitating the furfurin as the 
double oxalate. This compound is soluble in boiling water 
and is decolorized by treatment with animal charcoal at 
the boiling temperature, filtered hot and allowed to crystallize 
from the filtrate. The furfurin is liberated by action of 
potassium hydroxide and obtained as a white crystalline 
compound which we have prepared in considerable quantities.

The furfuramide resin prepared as outlined above was 
subjected to this treatment, and a very good yield of furfurin 
was obtained.

B i b l i o g r a p h y
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4— Persoz, W agner’s Jahres-B erichts, 1860, 487.
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6— M eunier, M atières grasses, 9 (1916), 4516.
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A New Test for Acrolein and Its Bearing on Rancidity in F a ts1
B y W ilm er C. Powick  

B i o c i i b u i c  D i v i s i o n , B u r e a u  o p  A n i m a l  I n d u s t r y ,  W a s h i n g t o n , D .  C.

IN  THE COURSE of a chemical study on the rancidity 
of fats, what is believed to be a new test for acrolein 
has been discovered. The test depends upon the forma

tion of a colored condensation product between acrolein 
and phloroglueine in presence of hydrochloric acid and hydro
gen peroxide. The test is best performed as follows:

T o 1 or 2 drops of dilute acrolein solution in a test tube 1 drop 
of an approximately 3 per cent solution of hydrogen peroxide is 
added. After about 1 min., 5 cc. of concentrated hydrochloric 
acid (C. P., sp. gr. 1.19) are added, and the test tube shaken. 
Finally, 5 cc. of a 1 per cent ethereal solution of phloroglueine are 
added, and the whole shaken. A deep red color is immediately 
imparted to  the hydrochloric acid phase, which, on spectroscopic 
examination, shows a well-defined, fairly narrow absorption band 
in the yellow-green region. In the absence of hydrogen peroxide 
the red color is not obtained, while when an excess of acrolein 
is used the condensation product separates as a purple pre
cipitate.

The essential feature in which this test differs from the 
Kreis test, so extensively employed as an index of rancidity 
in fats, is in the use of hydrogen peroxide and the spectro
scopic examination.

It is to be particularly noted, however, that the color yielded 
by rancid fats in the lire is test is spectroscopically identical 
with that obtained with acrolein in the manner described, 
and that this color and spectrum are apparently distinctive 
of the condensation product which in the test described above 
is formed between phloroglueine and acrolein in the presence 
of hydrogen peroxide and hydrochloric acid. The saturated 
aldehydes, whose presence in rancid fats is generally recog
nized, do not respond to this test, either in the presence or 
absence of hydrogen peroxide. The next higher homolog 
of acrolein, crotonic aldehyde, gives a red color with phloro- 
glucine-hydrochloric acid which rapidly disappears on stand
ing, while in the presence of hydrogen peroxide no red color
ation is obtained. While a number of other substances, 
such as vanillin, eugenol, cinnamic aldehyde, aged turpentine, 
and certain nonrancid cottonseed oils, give a red color in

1 R eceived Septem ber 2S, 1922.

the absence of hydrogen peroxide, the spectra of these colors 
show general absorption throughout the green-blue-violet 
part of the spectrum, but no localized band as in the case of 
rancid fats and of acrolein in the presence of hydrogen 
peroxide.

It would seem, therefore, that the same substance is re
sponsible for the Kreis test in rancid fats as is formed by the 
action of hydrogen peroxide on acrolein, and that this sub
stance is different from the reactive substance in certain 
nonrancid cottonseed oils. It is evident, therefore, that the, 
Kreis test, when followed by a spectroscopic examination, 
may be used to distinguish rancidity in this product, although 
it was previously considered to be of doubtful value in. 
this connection.

Whether this substance, which gives the Kreis reaction in 
rancid fats and is formed by the interaction of acrolein and 
hydrogen peroxide, is a peroxide of acrolein; whether or not 
it is derived from oleic acid, as now seems to be the case; 
and whether it is formed naturally in rancid fats or artificially 
at the time of making the test—possibly by interaction of 
oleic acid peroxide with pre-formed acrolein—are questions 
which are not yet fully answered. Studies on these points 
are nearing completion, however, and an early publication of 
the results is expected.

As a result of laboratory tests made in the College of Industries 
of Carnegie Institute of Technology, Pittsburgh, Pa., under the 
direction of S. E. Dibble, head of the heating and ventilating: 
department, it  has finally been established that clay pipe for 
drainage and sewerage use is in every w ay the equal of the more 
expensive cast iron pipe which has been used heretofore. N o t  
only have Professor D ibble’s tests shown that (1) a proper bitu
minous compound can be used efficiently in  jointing a pipe;
(2 ) joints made in the manner developed will stand any pressure 
that the pipe itself is capable of standing, w ith ou t any leak;
(3) a pipe so jointed can be thrown out of alignm ent w ithout 
causing a leakage a t the joints; and (4) leaks due to poor work
manship can be repaired easily and quickly; but he has gone 
further and has published actual chemical analyses of two of 
the bituminous compounds which he has found to  be satisfactory.
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Industrial Mold Enzym es1'5
By Kokichi O shim a3 and Margaret B . Church

H o k k a i d o  I m p e r i a l  U n i v e r s i t y , S a p i -o k o , J a p a n , a n d  B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n ,  D. C .

CERTAIN large indus
tries are entirely or 
in part dependent 

upon the activities of mold 
growth. One of the indus
tries primarily dependent 
on the growth and enzyme 
production of the yellow- 
green molds or fungi classed 
as the Aspergillus flavus- 
oryzae group, is the soy- 
sauce manufacture of Ja
pan, China, and neighbor
ing countries. A process 
dependent directly on mold 
enzymes which has devel
oped within the United 
States is the application of 
certain patented enzymic 
products in solid, liquid, or concentrated form to the 
desizing and degumming of textiles. In the case of fabrics 
woven from cotton, jute, or similar fibers, it is often neces
sary to oversize the warp threads to facilitate weaving. 
By treatment with a bath of a suitable enzyme solution, 
the extra size or starch may be removed from the woven 
fabric. In the case of the silk industry, such enzymic 
products are applicable for degumming or separating the 
two distinct fibers that compose the silk thread spun by 
the silkworm. An industry in the United States indirectly 
dependent on the enzymic products available after active 

. growth of this same group of molds on bran or similar 
materials is the jelly- and jam-making trade of the present 
time. The increased utilization of pectin from apple pomace 
in commercial and household jelly-making necessitates that 
such pectin be as high a grade product as possible. Clarifi
cation of the pectin is necessary or a turbid jelly will result. 
Certain starchy and protein substances need to be changed 
into other substances that do not cause cloudiness in the jelly. 
One agent, and possibly the only one, which alone will bring 
about this desired result, is the combination of the amylolytic 
and proteolytic enzymes developed by the growth of 
certain strains of the A . flavus-oryzae group of molds. The 
particular enzymes involved in this and related processes 
seem to be insufficiently known.

Various investigators have covered certain phases of the 
question. Previous experiments, however, have been mostly 
qualitative, in which the presence of an enzymic activity 
has been determined, but little attention has been given to 
the comparative activity of different molds. It seems 
equally important to investigate a series of related molds of 
industrial value and to obtain a quantitative estimation of 
their relative ability to produce the necessary enzymic action. 
Several different molds and many closely related strains are

1 Received Ju ly  29, 1922.
3 T his w ork was conducted  in th e  M icrobiological L abora to ry  of the  

B ureau  of C hem istry , U. S. D ep artm en t of A griculture, w ith  th e  assistance 
of D r. J . F . B rew ster, form erly of th e  B ureau  of C hem istry . T he  earlier 
experim ents were carried  o u t in th e  labo ra to ry  of D r. J . T akam ine. P ho to 
graphs by  courtesy  of G en-itsu K ita , K yoto  Im perial U niversity , Japan .

1 Professor of C hem istry  in College of Fisheries.

A  new method fo r quantitative estimation of protease is de
scribed in this paper.

M any strains of the Aspergillus flavus-oryzae group, which were 
separated from  tane-kpji used in shoyu manufacture and related 
industries, showed individually the production of amylase and pro
tease of Very widely differing strengths.

Am ylase and protease are produced at the same lime without 
any special relation to growth or variety of the fungus employed.

Cultural experiments on various food substances show that the four 
strains used produce strongest amylase and protease with bran. 
The ratio of amylase and protease does not seem to change much 
with the culture medium. Even on soy-bean flour, which contains 
no starch, strong amylase is produced.

Practically all the Intracellular enzymes pass out into the cul
ture medium soon after spore formation. Extracellular enzymes 
continue to increase as long as the mycelium shows an increase. 
Their power decreases very gradually.

involved in the fermenta
tion processes under dis
cussion. A large number of 
these strains from the A. 
flavus-oryzae group were 
brought together for its 
study. They were secured 
from the Microbiological 
Laboratory, U. S. Depart
ment of Agriculture, from 
the laboratory of Dr. J. 
Takamine, from the Japa
nese Brewing Station in 
Japan, and directly from 
Japanese moyashi. (Moy- 
ashi is a mold starter made 
in large quantities for in
dustrial operations.) A full 
discussion of this group of 

organisms under consideration is found in a recent pub
lication of Thom and Church.11-*

T a b u : I — S t r a i n s  o p  M o l d s  U s e d  i n  E n z y m i c  E x p e r i m e n t s

18 Pénicillium  roqueforli Thom
3509 Aspergillus Parasiticus Speare

4 2 3 5 .x .1 Aspergillus tamari K ita  r
130Sc Aspergillus effusus Tiraboschi

4078. Or-5 Aspergillus W entii W ehm er
113 Aspergillus oryzae (Ahlb.) C ohn

3565 Aspergillus tamari K ita
129 In te rm ed ia te  form of A . jlavus
108 Aspergillus flavus Link

4328 Aspergillus jlavus Link
4272.2 Aspergillus Jlavus Link
A Pa Form  in term ediate  between A . flavus and oryzae
APb A . effusus ty p e
AOl As A Pa
AO 2a As A Pa
A 02b Resem bling stra in  F  of T akahashi
A 03a As A Pa
A 03b A . parasiticus type
A 04a As A Pa
A 04b As A Pa
A 05a As A Pa
A As A Pa
AOold Aspergillus oryzae (Ahlb.) Cohn
AOAb Form  in term ediate  betw een A . flavus and oryzae
AOAc Form  in term ediate  betw een A . flavus and oryzae
AON Form  in term ediate  between A . flavus and  oryzae
AOK Form  interm ediate between A . flavus and  oryzae
AOP Form  in term ediate  betw een A . flavus and oryzae 

Aspergillus ochraceous
A Pc N o t identified
AOAa N o t identified
AOb Form  in term ediate  between A . fla tu s  and oryta*
A 05b Aspergillus oryzae
A 05c Aspergillus flavus

P e e v i o u s  W o r k

A review of previous investigations upon the general sub
ject of the enzymes concerned in such fermentation processes 
justifies the following summary:

1 — The addition of a particular substance to the culture 
medium does not cause entirely new enzym es to  develop but 
stim ulates the production of the particular enzym e that is al
ready normally formed by the organism . 3

2 — Substances that are closely related to  the enzym es in their 
chemical structure appear to be more efficient in stim ulating 
enzym ic formation than are substances not closely related. 
For example, for the production of protease, proteins are the 
strongest stimulants, followed by peptides, amides, ammonia, and 
other inorganic nitrogenous substances that are progressively 
weaker. For amylase, starch is the strongest stim ulant, followed 
by dextrin, maltose, and glucose . 6 , 13 . 4

* T he num bers in the  te x t refer to  th e  b ibliography a t  the  end  of 
th is  a rtic le .
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3—E nzym es are present in the mycelium of the fungus in the  
greatest am ount at the period of sporulation of the fungus, and 
rapidly disappear after that time.

C o m p a r i s o n  o f  P r o t e a s e  P r o d u c e d  b y  M o l d s  o n  S e v e r a l  
M e d i a

As a preliminary experiment to pick out the strong pro
tease producers from the collection of fungi, the molds were 
cultivated on skim milk, soy-bean milk agar, and gelatin. 
Growth of the molds on these artificial high protein media 
was observed and extent of proteolysis was noted. The 
breaking down of protein substances in the skim milk and 
in the soy-bean milk agar was indicated by a change from the 
opaque appearance in the sterilized medium in both cases to 
an almost translucent appearance after active mold growth 
had occurred. This translucent appearance, indicating 
changes in the proteins composing the skim milk or soy-bean 
milk agar due to proteolysis, will be complete throughout the 
tube of medium or only partial, depending on the thorough
ness of digestion. Partial or complete digestion of protein in 
the skim milk or soy-bean milk agar indicates the relative 
proteolytic strength of the particular mold strain under in
vestigation. The breaking down of protein in the gelatin is 
indicated by liquefaction. Some strains, like 3 5 6 5 , APa, 
4 2 3 5 .X .1 ,  3 5 0 9 , 1 0 8 , A03b, AOob, AOold, AOK, and the 
accidental Aspergillus ochraceous, were quick sporing forms. 
This group contained also very strong protease producers, 
as judged by the indications stated above, whereas 1 2 9 ,  

AOb, and AON spored quickly but produced weak protease.
Among the strains that produced spores slowly, A02b, 

APb, and 130Sc produced strong protease, but AO Ac, 113, 
and 18 were very weak as producers of protease. We should 
bear in mind that the digestion velocity of these experiments 
depends upon the rapidity of mold growth and the amount of 
excreted protease. Judgment as to the relative amount of 
protease excreted depends on the observed partial or total 
change in the medium from an opaque to a translucent ap
pearance in the case of the skim milk and soy-bean milk agar, 
and extent of liquefaction in the case of gelatin. Rapidity of 
digestion of skim milk and soy-bean milk was much the same 
for each fungus. The digestion or liquefaction of gelatin, 
however, differs greatly from either that of skim milk or soy
bean milk. This may be due to the differences in optimum 
temperature for growth, different adaptability for culture 
media, and to differences in the nature of the enzymes, 
protease, and gelatinase. For instance, AOK digested 
gelatin most quickly, though it was not the strongest in other 
digestions.

M e t h o d  f o r  Q u a n t i t a t i v e  E s t i m a t i o n  o f  P r o t e a s e

The method here used was based mainly on the Fuld-Gross5 
method for trypsin, but it is believed to be more convenient 
and accurate than the Fuld-Gross method:

S o l u t i o n s  R e q u i r e d — (1) 0.5 per cent casein solution. 2 g. 
of dry casein are mixed w ith 200 cc. H 20  +  50 cc. 0.1 N  
NaO H  and warmed to  70° to  80° C. After cooling, this is 
neutralized w ith O.liV HC1, using phenolplithalein as indicator, 
on porcelain plate. About 30 cc. 0.1 N  HC1 are required. 3 cc. 
of 0.1 N  NaO H  are added to  make N / 1500 NaO H  reaction  
and the whole filled up to 500 cc. w ith distilled water. The  
casein was made by Hammarsten’s m ethod , 1 and the moisture 
estim ated.

(2) M ixture of solution of magnesium sulfate and nitric acid. 
4 parts of saturated magnesium sulfate solution are m ixed w ith  
1  part of concentrated nitric acid.

Procedure—To 4 test tubes with 5 cc. of 0.5 per cent casein 
solution immersed in 40° C. water bath add 4 cc., 2 cc., 1.5 cc., 
and 0.5 cc., respectively, of protease solution. Mix well and 
after 1 hr. add 0.5 cc. of mixture of solution of nitric acid and 
magnesium sulfate to each tube.

T he lim it between incom pletely and com pletely digested tubes 
can be readily seen. This lim it is indicated by a gradation from 
an opaque appearance in the solution where the digestion is- 
incom plete to  'a water-white appearance in com pletely digested 
tubes. The protease solution m ay then be diluted in proper 
ratio to  su it the next test. U sing the sam e procedure but w ith  
the following quantities, 0.2 cc., 0.3 cc., 0.45 cc., 0.7 cc., and
1.0 cc., the protease is again tested . The closer and finer quan
tities permit more exact reading of the opacity of the solutions, 
which is desirable after the preliminary tests. The tw o points, 
between which opacity 
changes to water-white 
permit the proteolytic 
power of a given mold 
to  be approximated.
In order to obtain a 
safer judgm ent, 5 cc. 
of 0.005 per cent casein 
solution m ay be used 
as representing com
plete digestion. To 
obtain still more ac
curate results, the pro
tease solution m ay be 
taken w ith a series of 
even smaller varia
tions.

To express the pro
teolytic power, the fol
lowing unit was de
vised. If. 0.025 g. (or 
cc.) of original enzym ic 
substance digests com 
pletely 5 cc. of 0.5 per 
cent casein solution  
( =  0.025 g.) in  1 hr. 
at 40° C., then the  
proteolytic value ( =  P ' 1 _ L a b e l  o n  E n v e l o p s  C o n t a i n i n g  C o m -

V.) of this substance MERC1AL Moi-D F e r m e n t  ( J a p a n e s e )

is 1 0 0 .

O p t i m u m  R e a c t i o n  o f  C a s e i n  S o l u t i o n  f o r  P r o t e a s e  
A c t i o n

It was found that there are different optimum reactions 
for casein digestion by Aspergillus enzymes, according to the- 
methods of casein disappearance and amino nitrogen libera
tion. For the former, the optimum pH is 8.0, for the latter, 
6.2. The experimental data are given in another publication.8

C o m p a r i s o n  o f  P r o t e a s e  a n d  A m y l a s e  P r o d u c e d  b y  
M o l d s  o n  W h e a t  B r a n

To compare more exactly the enzymic strength of many  
kinds of fungi, wheat bran was taken as a culture medium, as- 
it contains much starch and also proteins in good condition. 
Previous experience indicated that various species of A s- 
pergillm  produced the strongest protease and amylase when 
growing on wheat bran. To find the optimum conditions o f  
cultivation on wheat bran, various experiments were made- 
with it to determine the influence of moisture, sterilization, 
culture period, quantity of bran, and temperature on the- 
growth of the fungi.

As a result, the following standard method of cultivation 
was selected:

Put 5 g. wheat bran in a 200-cc. Erlenm eyer flask, w ith 5 cc. 
distilled water. M ix well, plug w ith cotton, sterilize for 1 hr. 
with steam  pressure of 7 to 8  lbs. After cooling, inoculate with- 
0.2 to  0.3 g. of seed of the desired fungus, shake well, and keep- 
in incubator a t 30° C. for a definite period. (To m ake tane-koji 
or seed of fungi, use sam e procedure except that 3 g. of bran in. 
50-cc. flask w ith 3 cc. of 5 per cent cooked rice extract digested  
with takadiastase are used as the ingredients on which the m old  
is grown.) After this period has elapsed add 45 cc. distilled  
water, mix well, keep the flask in ice water for 3 hrs. and filter 
through filter paper. W ith this extract test the enzym ic activ ity  
and acidity.

Amylase is tested by the author’s method,7 which is based 
upon the copper-reducing power of the produced sugar and. 
is expressed in Lintner’s scale at 40° C. Protease is tested by
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the new method described above. The enzymic value, 
both proteolytic and diastatic, expressed by the author’s 
methods is strictly proportional to the enzymic power pre
sented in the sample, but not proportional to the relative 
values that are generally adapted for mycological experi
ments.

Of the cultures, A02b, A05a, AOAc, APb, 18, and 113 
were kept in the incubator for 88 hrs. Even after that period 
of incubation AOAc, 18, and 113 did not show sporing. All

F i g .  2— I n o c u l a t i o n  o p  I n g r e d i e n t s  o p  S o y  S a u c e  w i t h  t i i e  M o ld  
F e r m e n t ,  Aspergillus Jlavus

others were kept 40 hrs. in the incubator at 30° C. and all 
showed complete sporing. Acidity was tested with phe- 
nolphthalein as indicator on the porcelain spot plate. In 
the tests for protease and amylase, the work was completed 
on the day the cultures were extracted. Therefore, no an
tiseptics were added. These culture experiments on skim 
milk, soy-bean milk, agar, gelatin, and bran show that there 
are great differences in enzyme production, even among the 
fungi which seem morphologically quite alike.

Strong protease producers are A . ochraceous, AOK, 
AOold, A05b, A03b, APb, APa, and 3509. Strong amy
lase producers are AOl, A02a, A02b, A03a, A04a, A04b, 
A05a, A05b, A05c, AOold, and A. Strong producers of 
both enzymes are AOold and A05b. Strong protease and 
very poor amylase producers are APa, APc, and AOK.

T a b l e  I I — Q u a n t it y  o f  E n z y m e s  P r o d u c e d  b y  F u n g i  C u l t u r e d  o n  
W h e a t  B r a n

C ultu re  N um ber
Amylase 

I J n tn e r’s  Value
Protease 

O shim a’s Value
18 15 6

113 100 82
AOAc 5 82
AOAa1 19 36
AOP 31 36
AOb 40 42
AOAb 99 42
A 05a 172 42
A 02b 459 42

108 25 56
4272.2 46 56
A 04b 126 56
A 03a 132 56
A 02a 236 56
3565 31 83
A 04a 135 83
AOoc 210 83
A 236 S3
4328 53 100
A O l 262 100
4 2 3 5 .x .1 21 112
3509 25 130
AOold 412 166
A 03b 25 168
-4. ochraceous 46 16S
A Pa 25 178
AOK 40 200
AOSb 305 208
APb 13 260

1 Aspergillus, no t identified, 
J Before sporing.

I n f l u e n c e  o p  C u l t u r e  P e r i o d  o n  P r o d u c t i o n  o f  E n z y m e s

Some have considered that protease production in the A. 
flavus-oryzae group is later than the amylase production. 
Using the standard methods of cultivation described here, 
and varying periods of growth, together -Rath Asper
gillus strains AOold, APb, and A03b, the following conclu
sion was reached—there is no distinguishable point or inter
val at which protease production begins as compared with 
amylase production among molds of the A . flavm-oryzae 
group. That great differences in the rate of growth of 
the molds and in quantitative enzymic production do exist 
may once more be concluded from this experiment.

C u l t u r e  o f  M o l d s  o n  V a r i o u s  S u b s t a n c e s

The kind of material that is best for the production of the 
strongest enzymes from a fungus was also studied. As it is 
a general fact that natural culture media are more suitable 
than artificial ones for the growth of fungi, many natural 
food substances were collected for the purpose of studying 
enzymic production by the A . flavus-oryzae group of 
molds. The same procedure as with the standard methods 
of cultivation was carried out, except that the duration 
of cultivation and the substances used as media were 
altered. Strains of A. oryzae (AOold), of A . ejjusus type 
(APb), of A. parasiticus (A03b), and a strain (A02b) re
sembling F of Takahashi were used. AOold was a strong 
protease and diastase producer; APb grew slowly and was 
a strong protease but weak diastase producer; A03b grew 
rapidly and was a strong protease and weak diastase 
producer; A02b grew slowly and was a strong diastase but 
weak protease producer. The following materials were made, 
as far as possible, of the same fineness:

T a b l e

M a t e r i a l s  
I  W heat bran 

I I  W heat middling
I I I  Corn meal
IV  Cocoanut meal 
V P ean u t meal

V I Cottonseed cake 
.V II  Oil ex tracted  soy-bean meal 
V III  Soy-bean meal 

IX  Crushed soy-bean 
X  D ried yeast 

X I G round dried codfish 
X I I  Casein

I I I
T e x t u r e  a f t e r  
S t e r i l i z a t i o n  

U nchanged 
Unchanged 
U nchanged 
U nchanged 
C om pact mass 
Unchanged 
C om pact mass 
C om pact mass 
Pebble-like 
Paste-like 
Unchanged
Adhered to  wall of container

Using the methods already described for amylase and pro
tease estimation, this experiment shows that wheat bran is 
best, and that strong enzymes may be produced with soy-bean 
products, if the natural condition of the beans is altered by 
grinding and cooking. It is regarded of great importance in 
the making of shoyu-koji that the ingredients present a specific 
physical condition. The aeration afforded by a comminuted 
and not packed physical condition of the various substances 
utilized as culture media or substrata is desirable. A change 
in the ratio of protease to amylase with a change of medium 
or substratum seems probable. The very weak strength of 
the enzymes developing in this case, except from mold grown 
on wheat bran, makes the majority of these substrata un
satisfactory for further study. On codfish no strains were 
apparently able to grow. The good growth obtained on 
yeast makes an interesting problem for further study.

C o m p a r i s o n  o f  A m o u n t s  o f  I n t r a c e l l u l a r  a n d  E x t r a 
c e l l u l a r  E n z y m e s

For this purpose an artificial liquid culture medium com
posed as follows was used: (a) casein, 20.00 g. (as dried 
matter) +  100 cc. H:0  +  170 cc. 0.1 N  NaOH, warmed and 
dissolved completely; (6) soluble starch, 20 g. (as dried 
matter) +  400 cc. H20 , boiled and dissolved completely;
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(c) 10 cc. of a 0.05 per cent solution of magnesium sulfate; 
10 cc. of a 0.01 per cent solution of ferrous sulfate; 10 cc. of 
a 0.1 per cent solution of di-potassium phosphate. The 
Ingredients a, b, and c were mixed together and neu
tralized with 2 cc. 0.1 N  HCI, using phenolphthalein as indi
cator, and made to 1 liter with distilled water. Fifty cc. of 
each were put in a 500-cc. Erlenmeyer flask with cotton plug, 
and sterilized 15 min. at 15 lbs. pressure. Aspergillus strain 
AOold was used for this experiment, incubated at 30° C.

Enzymes in mycelium were tested after treating with 
acetone, as Albert and Buchner tried with yeast, and also 
Dox3 for the intracellular enzymes of Penicillium. This 
treatment has become quite popular in studies of this type. 
The method to test intracellular and extracellular enzymes 
as adapted to this particular experiment was as follows:

M ycelium  from two flasks was removed after a certain period 
of cultivation, washed twice w ith distilled water quickly, then  
squeezed to  remove as much as possible of the water, and torn 
apart or teased out with the fingers. The w et m ass thus ob
tained was immersed for 1 0  min. in a large volum e (about 
1 0 0  cc.) of acetone with constant stirring; it was then filtered oil 
with suction through hard filter paper. I t  was immersed again 
for 2  min. in a  fresh quantity of acetone and filtered off as be
fore. I t  was immersed the third tim e in ether for 3 min., dried 
as much as possible w ith suction, spread on a  watch glass and 
allowed to remain over night a t room temperature. This dry 
mycelium was weighed, ground finely in a mortar, a  certain 
quantity weighed out, and the enzym es extracted w ith distilled 
water of 1 0 0  tim es their quantity for 2  hrs. at room temper
ature. Then the extract was filtered through filter paper and 
tested by the author’s methods for its proteolytic and amylo- 
lytic  power. Extracellular enzym es were tested w ith the cul
ture liquid of the same two flasks, mixed w ith the water used to 
wash the mycelium and made up to  2 0 0  cc.

The difference between the aqueous extract of acetone- 
treated mycelium, with and without maceration with sand, 
was tested, and no recognizable difference was found. The de
crease of enzymic power by acetone treatment was- later 
tested carefully, as will be described. N ot much difference 
was noted. The enzymic powers for intracellular enzymes 
were estimated on the basis of weight of mycellium grown, 
and for extracellular enzymes on the basis of the volume 
of liquid culture medium (100 cc. from two flasks).

C h e c k i n g  E x p e r i m e n t  f o r  E r r o r s  i n  M e t h o d

With the procedure above, AOold was grown for 115 hrs. 
at 30° C. Quantities of diastase in culture medium and 
mycelium were determined as follows:

T able IV
Samples Z. V .1

T r e a t m e n t  in  D u p lic a te  in  F i lt r a te  in
M ycelium  trea ted  w ith acetone a 2720

a' 2000
M ycelium  ground w ith sand b 3000

br 3000
M ycelium  teased  ap art c 2850

c ' 2850 '
1 T o ta l am ount of d isatase (Z, V.) in 100 cc. cu ltu re  m edia.

From this experiment it. may be noted that acetone treat
ment does not cause a great decrease in enzymic power.

C o n c l u s i o n  a n d  D i s c u s s i o n

The supposition that fungi produce extracellular and in
tracellular enzymes is accepted provisionally. The extra
cellular enzymes can be obtained by percolating mature fungi 
with water, but the latter cannot be obtained by mere treat
ment with water. Some investigators have tried to get the 
intracellular enzyme from koji residue—i. e., a mold ferment 
grown on a large scale on some substratum, and the whole 
washed free of extracellular enzymes—by treating with many 
solvents, but negative results were always obtained. Experi
ments here show that extracellular and intracellular enzymes

z. v.
M ycelium

454
363
356
43S
103
138

are the same, and after a certain period of growth all enzymes 
are excreted. Many investigators2- 6.12.3.13. * have shown the 
same results with other fungi. In the present investigation the 
work was quantitative, and the ratio of exo- and endo-enzymes 
during the cultivation of A. oryzae and A . flavus was found.

From the foregoing experiments it is deduced that soon after 
spore formation almost all enzymes have been excreted into 
the culture media. It is also shown that the increase and 
decrease of enzymes in the mycelium is quite rapid but in the 
culture medium it is quite slow. It is doubtful whether the 
excretion of enzyme is due to the autolysis of the mycelium, 
because at the time of the most rapid excretion of enzymes 
the weight of mycelium is found to be increasing and the 
maximum amount of exo-enzyme occurs simultaneously with

F ig . 3— A  S e r ie s  o p  K o j i  R o o m s  f o r  R i p e n i n g  w it h  M o l d  t h e  I n g r e 
d ie n t s  o p  S o y  S a u c e

the maximum quantity of mycelium. Consequently, it may 
be concluded that in experiments intended for the study of the 
influence of culture media, etc., on the production of mold 
enzymes, the estimation of the enzymes produced in the 
mycelium is quite an erroneous manner of procedure, par
ticularly when it is realized that through differences in culture 
media the rate of growth and the time of sporing may be varied.
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The Points of M inim um  Plum ping of Calf Skin1
By John Arthur W ilson and Albert F. Gallun, Jr.

L a b o r a t o r i e s  o f  A. F . G a l l o n  & S o n s  C o .,  M i lw a u k b b ,  W is .

W H EN animal skin is immersed in dilute solutions 
of acid or alkali, the protein matter swells by ab
sorbing some of the solution, but the effect to a 

casual observer is not so much one of swelling as of increased 
resiliency of the skin, due to its fibrous structure. The col
lagen fibers, in swelling, tend to fill up the interstices between 
them, and the full increase in volume of the protein matter is 
not evident from the appearance of the skin. A skin in which 
the fibers are not swollen may contain almost as much water 
as one whose fibers are swollen, as in lime water, but the bulk 
of the water in the first skin is held only loosely between the 
fibers and may be squeezed out by the application of slight 
pressure, whereas that in the second is present within the 
substance of the fibers and cannot be removed except by the 
application of enormous forces. During the swelling of the 
protein matter, the tanner observes in the skin an increasing 
resistance to compression, to which he has given the name 
“plumping,” the term “falling” indicating the reverse action.

The degree of plumping of the skin at different stages is a 
factor of considerable importance in the manufacture of 
leather, affecting the yield as well as the properties of the 
leather. Because of the importance of this factor, the ques
tion of its quantitative determination has been receiving in
creased attention.

Since the degree of plumping is a function of the hydrogen- 
ion concentration, one should expect to find it a minimum at 
the isoelectric point of the skin protein. While investigating 
the effect of hydrogen-ion concentration upon the action of 
the bating process, at 40° C. Wilson and Daub5 noted a 
point of minimum plumping occurring between the pH values 
6.1 and 9.8, but they could not locate it more accurately be
cause their method of observation was simply to pinch the 
skin, as is customary in determining the completion of the 
bating process. But Thomas and Kelly3 by the use of acid 
and basic dyes found the isoelectric point of skin protein at a 
pH value of 5. Moreover, Porter,4 while investigating the 
effect of hydrogen-ion concentration on the swelling of hide 
powder, obtained points of maximum swelling at pH values of 
about 2.2 and 12.9, and a rather sharp point of minimum at 
4.S—agreeing very well with Thomas and Kelly’s observa
tion of the isoelectric point.

In a letter, Prof. H. R. Procter suggested that Wilson and 
Daub may have missed the true point of minimum plumping 
by not making observations at sufficiently short intervals of 
pH value. While the consecutive members of the series of 
solutions they used generally differed by less than 0.5 on the 
pH scale, Porter worked at intervals of 0.1 in the vicinity of 
the isoelectric point, which appeared to be necessary in order 
to show the point of minimum sharply. On the other hand, 
Porter made only one measurement between the pH values 
6 and 9, so that he might easily have failed to locate a point of 
minimum occurring in this range. The possibility of finding 
two points of minimum plumping of calf skin seemed to war
rant a more extensive investigation than had been made.

1 R eceived A ugust 10, 1922. P resen ted  before th e  D ivision of l e a th e r  
C hem istry a t  the 64 th  M eeting  of the  A m erican Chem ical Society, P it ts 
burgh, P a., Septem ber 4 to  S, 1922.

* T h i s  J o u r n a l ,  13  (1921), 1137.
* J .  A m . Chem. Soc., 4 4  (1922), 195.
* J .  Soc. Leather Trades' Chem., 5 (1921), 259; 6 (1922), 83.

Wood, Sand, and Law5 devised an apparatus for deter
mining when a skin had become completely fallen during the 
bating process, which consisted of a sensitive thickness gage 
in which the pressure exerted upon 1 sq. cm. of skin could be 
varied by means of weights. The point of complete falling of 
a skin was taken as that at which no recovery in thickness 
of the skin took place upon removing the weights. The 
apparatus was also used to measure the apparent modulus of 
elasticity of the skin, and this was considered to be a measure 
of the degree of plumping. The work of Wood, Sand, and Law 
suggested a method more suitable for our purpose, in which 
the degree of plump
ing at a given pH 
value is measured by 
the ratio of the resis
tance of the skin to 
compression at that 
pH value to its resis
tance to compression 
under standard con
ditions.

P r o c e d u r e

Skin for the test 
was cut from the butt 
of a calf skin in or
der to insure the 
greatest degree of uni
formity of structure 
of the pieces, each 2 
cm. square, into which 
the test piece was 
cut. The skin, pre-

F i g . 1— S h o w in g  T w o  D is t in c t  P o in t s  o p  
M in im u m  P l u m p in g  o p  C a l p  S k in

viously limed and unhaired, was freed from lime by wash
ing in a 12 per cent solution of NaCl containing a small 
amount of HC1, and then neutralized in cold, saturated 
N aH C03 solution. It was then washed and bated by 
keeping at 40° C. for 24 hrs., in a solution containing 0.1 g. 
pancreatin, 2.8 g. NalLPOi, and 18 cc. N  NaOH per liter, 
giving a pH value of 7.7. Microscopic observation showed 
that this procedure removed all the elastin fibers. The 
pieces were then washed in cold, running tap water having 
a pH value of 8, for 24 hrs., after which they were kept in 
distilled water in the refrigerator at 7° C. until used for the 
tests.

A series of 24 large reservoirs of test solutions was prepared, 
each having a final concentration of 0.1 N  phosphoric acid 
plus the amount of NaOH required to give the desired hy
drogen-ion concentration, as determined by the hydrogen 
electrode. The pH values ranged from 4 to 11.

The apparatus used to measure the compressibility of the 
sVin was a thickness gage sensitive to 0.001 mm. The 
gage had a flat metal base, upon which the test piece of skin 
was placed, and a plunger, having a circular base exactly 
1 sq. cm. in area, pressed upon the surface of the skin under 
constant pressure. The amount of compression increases with 
the length of time the skin is under the pressure of the plunger,

* J . Soc. Chem. In d .. 3 1  (1912), 210; 33  (1913), 398.
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but the greatest change takes place during the first minute. 
It was found that reproducible results could be obtained by 
taking all readings exactly 5 min. after dropping the plunger 
onto the skin, and this rule was strictly adhered to in the 
taking of all measurements noted in this paper.

Into each of a series of bottles were put 200 cc. of standard 
buffer solution of the desired pH value, and these were kept 
in a thermostat refrigerator at 7° C. so as to reduce to a mini
mum any tendency toward putrefaction of the pieces of skin. 
Into each solution were placed two pieces of skin, prepared as 
described above, the thicknesses of which had been measured 
after remaining under the plunger of the gage for exactly 
5 min. After 24 lirs. the solutions were replaced by fresh 
buffer solutions. After 4 days more, there being practically 
no change in the pH values of the solutions, it was assumed 
that equilibrium was established, and the pieces were re
moved and their thicknesses measured again. The results 
are shown in Table I.
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T a b l e  I

*---------- G age R ea d in g s  in  M m .---------- -
(A verage  of D u p lic a te s )

*— p H  V a lu e  o f— ■» 
S o lu tio n  a t  20 °

In it ia l F in a l R a t io 1 In i t ia l F in a l
1 .421 2 .7 2 9 1 .9 2 3 .9 6 3 .9 7
1 .2 0 5 1 .8 8 5 1 .5 6 4 .1 4 4 .1 7
1 .2 6 9 1 .4 3 1 1 .1 3 4 .4 7 4 .4 9
1 .4 3 9 1 .296 0 .9 0 4 .7 8 4 .7 9
1 .4 8 9 1 .3 0 5 0 .8 S 5 .0 8 5 .0 7
1 .2 9 9 1 .161 0 .8 9 5 .2 9 5 .2 7
1 .3 4 7 1 .2 3 9 0 .9 2 5 .5 7 5 .5 7
1 .3 8 8 1 .3 0 6 0 .9 4 5 .7 8 5 .7 2
1 .2 1 2 1 .2 6 3 1 .0 4 6 .0 4 6 .0 8
1 .2 2 5 1 .2 7 0 1 .0 4 6 .2 9 6 .2 9
1 .391 1 .4 7 8 1 .0 6 6 .4 8 6 .4 2
1 .2 4 8 1 .3 4 3 1 .0S 6 .6 9 6 .6 8
1 .4 3 5 1 .5 1 4 1 .0 6 6 .9 6 6 .8 8
1 .2 9 2 1 .3 6 2 1 .0 5 7 .0 8 7 .0 0
1 .3 7 9 1 .4 1 5 1 .0 3 7 .4 1 7 .4 1
1 .4 1 3 1 .3 8 5 0 .9 S 7 .6 8 7 .6 2
1 .3 9 3 1 .4 0 7 1 .0 1 7 .9 7 7 .8 9
1 .5 1 5 1 .5 2 0 1 . 0 0 8 .4 2 8 .4 4
1 .4 2 8 1 .4 2 7 1 . 0 0 8 .5 6 8 .5 0
1 .2 5 3 1 .3 4 3 1 .0 7 9 .0 3 9 .1 3
1 .2 5 8 1 .3 7 7 1 .0 9 9 .5 9 9 .6 4
1 .2 1 9 1 .3S 8 1 .1 4 1 0 .0 0 9 .9 8
1 .2 1 0 1 .621 1 .31 1 0 .4 7 10 .5 1
1 .2 8 9 2 .2 0 6 1 .71 1 1 .0 6 1 1 .0 8
1 T h e  ra t io  o f th e  fina l to  th e  in i t ia l  th ic k n e ss  is a  m e a su re  of th e  dei

p lu m p in g , a n d  th is  is p lo t te d a s  a  fu n c tio n  of th e  p H  v a lu e in  F ig

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

Although rather surprising, the discovery that skin actu
ally has two points of minimum plumping will probably as
sist in the elucidation of a number of very puzzling experi
mental data. Among other things, it brings the results of 
Wilson and Daub into harmony with those of Thomas and 
Kelly and of Porter.

In studying the effect of change of pH value upon their new 
method6 of tannin analysis, Wilson and Kern7 obtained a 
practically constant value for tannin with change of pH value 
over the range 3.6 to 7.3; but at a pH value of about 8 there 
was a marked falling off in the extent of combination of tannin 
and hide power. It seemed significant that this should oc
cur at 8 rather than at 5. Independently, Thomas and Kelly8 
investigated the rate of tanning as a function of pH value, 
and found, for a great variety of tanning materials, that it 
decreased to a minimum at a pH value of about 5, but then 
increased to a maximum at a value of about 8, above which 
it fell off rapidly towards zero.

The discovery of two points of minimum plumping of 
calf skin led Wilson and Kern9 to make a similar study of 
the swelling of gelatin, and they also found two points of mini
mum, one at pH =  4.7 and the other at 7.7. Apparently, the

< T h i s  J o u k n a l , 13  (1 9 2 1 ) ,  7 7 2 .
7 E ffec t o f H y d ro g e n -Io n  C o n c e n tra tio n  u p o n  th e  A n a ly s is  o f V ege

ta b le  T a n n in g  M a te r ia l s / '  Ib id ., 14 (1922), 112S.
1 A d v an ce  n o te .
• " T h e  T w o  F o rm s  o f G e la tin  a n d  T h e ir  Iso e le c tr ic  P o in ts .* ' P re s e n te d  

befo re  th e  D iv is io n  o f L e a th e r  C h e m is try  a t  th e  6 4 th  M e e tin g  o f th e  A m er
ic a n  C h em ica l S o c ie ty , P it t s b u rg h , P a ., S e p te m b e r  4  to  S, 1922.

two points of minimum indicate the isoelectric points of two 
forms—possibly tautomeric—of each protein, and this 
view is corroborated by the work of Thomas and Kelly.

C o n c l u s i o n

The curve representing the plumping of unhaired and 
purified calf skin as a function of pH value was found to have 
two points of minimum, the one of lower value occurring at 
about 5.1, the other at about 7.6. It is suggested that these 
two points indicate the isoelectric points of two forms of 
the protein of calf skin.

A Laboratory Multiple Burner1
By Frank C. Vilbrandt

U n i v e r s i t y  o f  N o r t h  C a r o l i n a , C h a p e l  H i l l , N .  C .

The control of the rate of heating of a large number of lab
oratory burners under a single vessel is difficult, owing to 
the numerous regulating points. This difficulty was over
come in this laboratory 
by the construction of a 
burner with a single regu
lating part.

The burner is made 
from standard pipe and fit
tings, is inexpensive, lends 
itself to quick change in 
height and number of jets, 
is easy to regulate, and is 
efficient in gas consumption. Comparative runs with the 
same number of Mdker burners indicated a saving of gas, 
more rapid heating and a considerably easier control of 
heating. Either a cone flame or a M6ker effect can be 
produced by capping the jets with wire gauze.

The burner is made from three-quarter inch ells, tees, 
close nipples, reducers, and a cross. The jets are short 
pieces of piping set in tees. The regulating valve, A, is a 
tee in the service line, into one arm of which is attached the 
set of burners, into the other a glass jet, B, extending well into 
the burner line. Into the top arm is placed a capped nipple, 
C, the open end grooved with V-shaped cuts which provide 
for the regulation of the air introduced, by screwing this up 
or down in the tee.

1 R ec e iv ed  O c to b e r  25, 1922.

G um s in Cracked G asoline

W hen cracked gasoline was first placed on the market, it m et 
with much opposition, part, a t least, of which was due to  lack of 
experience w ith  the product. I t  w as soon found that cracked 
gasoline, particularly if m ade carelessly, had a tendency to  deposit 
gum m y and resinous substances in storage, and in som e cases 
in actual use in the engine. This phenom enon has usually been 
attributed to  polym erization of the unsaturated hydrocarbons 
present. One theory is that the olefins them selves will not form 
gums, but that the la tter  are due to  the presence of diolefins. 
Inform ation has been notably lacking as to th e  nature, origin, and 
m ethod of formation of these gum m y substances. Some of the  
questions asked about them  follow: Are the gums all of the sam e 
character? Are they similar to the coumarone resins, or are they  
possibly allied to  the resins of commerce, which are derived from 
the terpenes? H ow should the am ount of gum in a given sample 
of gasoline be determined? H ow  much, if any, gum is permis
sible in motor gasoline; how m uch in aviation gasoline? T he  
results of a general investigation of gum-forming constituents in 
gasoline are contained in Serial 2394 which m ay be obtained  
from the Bureau of M ines, W ashington, D . C.
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Estim ation of the  Proportions of T N T  and Tetryl from the 
Freezing Po in t Curve1’1

By C. A. Taylor3 and W . H . Rinkenbach*

P it t s b u r g h  E x p e r im e n t  S t a t io n , B u r e a u  o p  M i n e s , P it t s b u r g h , P a .

M i x t u r e s  o f  t n t
and tetryl are used 
in certain types 

of detonating fuses and may 
be found in detonators.
At present there is no satis
factory method of estimating the proportions of the two 
substances. The method usually used is to determine the 
total nitrogen by the Dumas method and calculate the ratio 
of the ingredients using the known nitrogen content of pure 
TN T and tetryl as a basis. This method is tedious, and a 
small error in the result of the analysis causes a large error in 
the proportions calculated.

The binary system of T N T  and tetryl was studied in order 
to obtain data that could be used in analytical methods and 
as physical constants in other work.

M a t e r i a l s

T r i n i t r o t o l u e n e —This was prepared by recrystallizing 
Grade I commercial T N T  from hot benzene after filtering 
to remove any insoluble matter. The crystals were air- 
dried to remove mechanically held benzene. They were then 
recrystallized from boiling 95 per cent ethyl alcohol. The 
light yellow, fluffy crystals were redissolved in hot 95 per 
cent ethyl alcohol and then crystallized by pouring the solu
tion into about two volumes of distilled water. The mix
ture was allowed to stand for several hours in a dark place 
to cool and complete crystallization. The crystals were 
then rapidly filtered on a Büchner funnel, washed several

times with cold, dis
tilled water, and 
given a final rinse 
with cold, 95 per cent 
alcohol in order to 
f a c i l i t a t e  drying. 
The mass of crystals 
was dried on filter 
paper, and kept in 
sulfuric acid desicca
tors in a dark place.

The final product 
was a mass of very 
light, fluffy, white 
microscopic crystals. 
The T N T  did not 

develop any color during 6 mo. storage in a dark room. The 
setting point was 80.27° C.

T etryl—A  good grade of commercial tetryl was purified 
in the same manner as the T N T . Efforts to obtain colorless 
tetryl proved unsuccessful. T h e  material precipitated in 
the water from the hot alcohol appeared colorless, but as 
soon as it was filtered a faint yellow color developed, even 
when the work was done in a dark room.

The final product of this purification was a mass of light,
1 Received Ju ly  29, 1922.
3 Published by  perm ission of th e  D irector, U . S. B ureau  of M ines.
* Explosives Chem ist, U. S. B ureau of M ines.
4 A ssistan t Explosives C hem ist, U. S. B ureau of M ines.

In this paper data and a curve therefrom showing the equilibrium  
diagram of the binary system T N T —tetryl have been obtained, 
the existence of a  new molecular complex, 2QHbN$Ot : CiH^N^Ob, 
has been indicated, and practical use for the data has been outlined.

flaky crystals of faint yel
low tint. The setting point 
was 128.72° C.

TIME, SECONDS 

F i g .  1

M ethod

The method of determine 
ing the equilibrium temperatures of known mixtures of TNT  
and tetryl was that described by Bell and Sawyer,5 and Bell 
and Herty.6 As used in this work, carefully weighed quan
tities of the two substances were transferred to a glass tube 
3A in. in diameter and 11 in. long. This tube also contained- 
a carefully cali
brated thermom
eter reading from 
0° to 150° C. and a 
looped wire stirrer 
held in place by a 
cork. The tube 
and contents were 
heated until the 
substances had 
melted and formed 
a clear, homogene
ous liquid. This 
tub e was then  
jacketed by means 
of a tube 12 in. 
long and P /4 in. in 
d i a m e t e r ,  t h e  
mouth of the 
smaller tube being 
flush with the cork 
of the jacket. The 
jacket-tube was 
then immersed as 
far as possible in a
5-liter beaker of 
water or oil, maintained at a constant temperature some
what below the crystallizing temperature of the mixture under 
observation, this having been roughly determined in advance.

Upon agitating the liquid mixture by means of the wire 
stirrer, the temperature fell at a uniform rate. Tempera
ture readings were taken every minute and in some cases every 
half minute. After falling for some time, there would be a 
rise in the temperature coincident with the appearance of a 
solid phase. After attaining a maximum, the temperature 
would again fall at a time rate lower than that observed 
before the appearance of the solid phase. Such a typical 
cooling curve is shown in Fig. 1, temperatures being plotted as 
abscissas and time readings as ordinates.

Guia,7 working upon the nitrotoluenes, took the point B 
(Fig. 1), at which crystals first appeared, as the equilibrium 
temperature of the mixture. Bell and Herty,6 however, 
in repeating this work, showed that, although point C is 
nearer the true value than B, the true value, C', may be ob-

F ig . 2

‘  T h i s  J o u r n a l , 11 (1919), 1025.
■ Ibid., 11 (1919), 1124.
1 Ber., 47 (1914), 1718; Gazz. chim. ilal., [1] 45 (1915), 339.
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tained by extrapolating the second and slower rate of cooling 
upon the initial rate of cooling.

Accordingly, this method of deriving the true equilibrium 
temperature was used by the writers. Upon continuing the 
cooling it was found possible to determine the eutectic point 
of the mixture with some concentrations, while with others the 
proportion of the solid phase was so great that after a time 
it  was found impossible to stir and so insure equal cooling 
throughout.

The results obtained follow, and are shown in the form of 
an equilibrium diagram in Fig. 2.

T N T T etry l E x trapo lated  P o in t, C ' E u tec tic  P o in t
P er cent P er cent ° C . ° C.

0 .0 0 100.00 12S.72
10.00 90.00 121.1 120.8
24. S9 75.11 107.5
40 .00  4 60 .00 9 0 .8 9 0 .9
44 .16 55.84 67 .4 67 .4
49.52 50.48 7 6 .8 67 .6
50.00 50.00 75 .4 7 5 .5 67.4
52.08 47.92 67 .6 6 7 .6
52.50 47 .50 7 0 .S 7 0 .8
55.12 44 .88 6 7 .6
61.61 3S.39 67 .4 6 7 .5
65.00 35 .00 6 7 .6 67 .4
75.00 25.00 70.4
76.13 23.87 70 .95
80 .40 19.60 72 .7
82.31 17.69 7 3 .0
89.50 10.50 7 6 .45
90.00 10.00 7 6 .3 7 6 .4  .

100.00 0 .0 0 80 .27

T N T - T e t r y l  C o m p l e x

When concentrations of from 55 to 65 per cent of TN T were 
studied, it was found that there was no preliminary sepa
ration of a first solid phase and then gradual temperature 
decrease to the eutectic point. Instead, over this concentra
tion range the temperature fell below the eutectic point, a 
solid phase appeared, and the temperature of the mixture rose 
to the eutectic point.’ When the values obtained were plot
ted in the form of an equilibrium diagram (Fig. 2) and these 
points connected, it  was apparent that there were two 
eutectic points, connected by an almost straight line curve. 
This indicates the existence of a compound of the components, 
and calculation shows that a mixture of 61.27 per cent TNT  
and 38.73 per cent tetryl has the proportions of two mole
cules of TN T to one molecule of tetryl. The straight line in
dicates that the melting point of the complex is near the eu
tectic temperatures, and the method is not sufficiently sen
sitive to give the curve that probably occurs at that point.

Melts containing 40, 60, and SO per cent of T N T  were sub-

Rare Books
The library of the Chemists’ Club, N ew  York City, has a 

small collection of interesting rare books. Assum ing that our 
readers would be interested in knowing of the existence of such 
a collection, M iss E . J. Fell, the librarian, has prepared the fol
lowing chronological list of the m ost ancient of these works:

A retino: "D e  metallicis libri tre s .” N oribergae, 1602.
Croll: “ Basilica chym ica.” F ran k fo rt, 1620.
Agricola: "D e  re m ctailica.” Basil, 1621.
Linceo: “ Discorsi dim ostrazioni m atem atiche.” Leida, 1638.
B ertereau : " L a  res titu tion  de  p lu ton .”  Paris , 1640.
G lauber: "O peris m ineralis.”  3 vols. in 1. A m sterdam , 1651-2.
Paracelsus: "O pera  om nia medico, chem ico, ch iru rg ica .”  3 vols. 

in 2. G eneva, 165S.
Boyle: “ C hym ista scepticus.” 2nd edition. R o tte rd am , 1668.
G uericke: “ E xperim enta nova (u t vocan tu r) M agdeburgica de vacuo 

spatio .”  A m sterdam , 1672.
Borrichius (Ole B orsch): “ H erm etis A egyptiorum  e t chem icorum

sap ien tia .” H afniae, 1674.
Leeuw enhoek: “ A rcana n a tu rae  ope m icroscopiorum  d e tec ta ."  Del- 

phis, 1695.
M anget: “ Bibliotheca chem ica curiosa.”  2 vols. G eneva, 1702.

mitted to W. M. Myers for examination under the petro- 
graphic microscope. He found that the 40 per cent TN T  
mixture contained tetryl and a compound other than TNT; 
the 60 per cent TN T mixture appeared to be almost entirely 
this compound; the 80 per cent TN T mixture was a mixture 
of free TN T and this compound.

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

When the time rate of cooling is plotted on a large scaie, 
the C' point can be checked to 0.2°, and this point can be de
termined in the curve to 0.2 per cent. If no C' point is 
found, showing the TN T content to be between 55 per cent 
and 65 per cent, it is still possible to determine the percentage 
with a fair degree of accuracy by adding a weighed portion 
of either TN T or tetryl to a weighed portion of the unknown 
mixture so as to make the T N T  content less than 55 per cent 
or greater than 65 per cent and then determining the C' 
point of this new mixture. Knowing the weights of unknown 
mixture and pure component, and the percentage of TN T in 
the new mixture as found from the curve, the proportions of 
the substances present in the original mixture can be cal
culated:
A «  W t. of sam ple.

[B  =  W t. of com ponent added as T N T . 
x  =* P e r c en t of com ponent (T N T ) w hich was originally  p resen t in sam ple. 
y  *= T o ta l per cen t or com ponent (T N T ) p resen t in new m ix tu re  as found 

from  curve.

Thea. * - y(A +  ^ - 10° B - A

F If a C' point obtained on an unknown mixture is between 
67.5° and 80.3° C., there is no means of knowing whether 
the point is on the tetryl or T N T  side of the curve. This 
can be determined by changing the proportions as given 
above, locating another point in the curve, and noting whether 
the temperature is higher or lower than the original. It is 
usually more satisfactory to add tetryl for this purpose than 
TNT.

Grade I materials are usually used in the detonating fuse 
so that the error due to impurities as T N T  is comparatively 
small.
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Lem ery, N icolas: “ D ictionaire; ou, tra ité  universel des drogues sim 
ples; pharm acopée universelle.”  4 th  édition. R o tte rd am , 1727. 

Boerhaave: “ E lem enta chem iae.” 2 vols. Paris, 1732.
Lavoisier: “ Opuscules physiques e t  ch im iques.” Vol. 1. Paris, 1774. 
D alton : “ New system  of chem ical philosophy.” 2 vols. in 3 . M an 
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American Academy Makes Grant
A t a m eeting of the Com m ittee on the C. M . W arren Fund of 

the American Academ y of A rts and Sciences, held on Decem ber 8 , 
1922, a grant of $250.00 was m ade to  Prof. Jam es B . Conant, of 
Harvard University, to  be used in furthering his research in con
nection w ith the electrochemical study of the reversible re
duction of organic compounds.

The next m eeting of the com m ittee for the warding of grants 
will be held on M arch 1, 1923. Applications for these grants 
m ust be in the hands of the chairman of the com m ittee, Prof. 
Jam es F. Norris, M assachusetts Institute of Technology, Cam
bridge, M ass., before this date.
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The Colloid Chem istry of Basic Chromic Solutions1
By F. L. Seym our-Jones5

C o l u m b i a  U n i v e r s i t y , N bw  Y o k k , N . Y .

EV E N  to-day it  is far 
from clear whether 
chrome liquors really 

contain basic chromic salts, 
or whether they are simple 
colloidal dispersions of chro
m ic oxide. Postulating the  
existence of colloidally dispersed chromic oxide, it  m ay exist 
either as a negatively or as a  positively charged sol. In the first 
case the freshly precipitated oxide is dispersed in excess of caustic  
alkali, and in the second either the oxide is peptized w ith excess 
of the chromic salt or alkali is added to  a solution of the normal 
chromic salt.

The positive sol was first prepared as such by Graham’ in 
1862, similarly to the ferric oxide sol, by peptization of the  
hydrogel w ith chromic chloride. E ven before this one peculiar 
property of this oxide had been noted by N orthcote and Church4 

in 1853. T hey found that chromic oxide, when mixed w ith  
certain metallic oxides, such as ferric, m anganic, cobalt, and nickel 
oxides, which are them selves insoluble in potassium  hydroxide, 
m ay render these soluble, or m ay itself be rendered insoluble 
by them , according to the proportions used.

SchifI5 in 1862 found that chromic acetate gave no precipitate 
on boiling, and hence th at chromium, unlike ferric iron, could 
not be estim ated by the basic acetate m ethod. Reinitzer4 

confirmed this and further found that the presence of chromic 
ion to a large extent inhibited the precipitation of iron and alu
minium by sodium acetate. H e also noted th at chromium h y 
droxide, precipitated w ith potassium  or ammonium hydroxide, 
etc., always contained some of the precipitating metal which 
could not be removed by washing, even w ith boiling water.

Other chem ists also studied the chem istry of chromium from 
the analytical point of view. The equilibrium between green 
and violet forms of chromic salts was studied by Richards and 
B onnet , 7 N iels Bjerrum , 8 M innie Graham , 8 and m any others. 
The structure of chromium compounds from the point of view  
of secondary valence has been studied by Werner and his school.

The peculiar properties of chromic salts in solution m ay be 
conveniently summarized here. Taking the chloride as typical, 
we find th at it  exists in several modifications. T he m ost common 
form is the hexahydrate, a- and 7 -green salts and a /3-violet salt. 
In aqueous solution the a-green form is stable a t  high temper
atures and the /3-violet form a t low temperatures, an ordinary 
solution being an equilibrium mixture. T he change from violet 
to  green on heating is rapid, but the reverse change on cooling 
is com paratively slow. The green chloride is easily soluble in 
water, but the violet form is practically insoluble unless a trace 
of chromous chloride be present. The vio let solution has a  
greater density than the green solution .8 In  the a-salt only 
one chlorine, in the 7 , two chlorines, and in the (3, all three chlo-

1 P resen ted  before th e  Division of L ea ther C hem istry  a t  th e  64th  M eet
ing  of the  A m erican Chem ical Society, P ittsb u rg h , P a ., Sep tem ber 4 to  8, 
1922.

J 1851 Exhibition  Scholar of th e  U niversity  of Leeds.
« Phil. M ag., [4} 23 (1862), 290.
< / .  Chem. Soc. (London), 6 (1853), 54.
« A n n ., 124 (1862), 168.
« M onatsh., 3 (1882), 249.'
1 Proc. A m . Acad. A rts  Se t., 39 (1903), 1, includes a  b ib liography of 

62 references. See also Z . physfk. Chem., 47 (1904), 29.
* Z. physik. Chcm., 59 (1907), 336; a b strac ted  from  Kgl. Danske Vid~ 

enskab. Selskab. Skrifter naturwidenskab. math. A fdel., [7] 4, 1.
* A m . Chem. J .,  48 (1912), 145, includes a  b ibliography of 53 references.

rines ionize as anions. The 
three chlorides can be repre
sented by W em er’s system  as:

[CrfH i0)<Cl,].C1.2H 30  
Green a-salt

[Cr(HsO )s.C l] .CI2 .HjO [Cr(H20)e].Clj 
Green 7 -salt Violet /3-salt

H y d r o u s  C h r o m ic  O x i d e  P e p t i z e d  w i t h  E x c e s s  A l k a l i

Herz , 10 in 1901, noted th a t chromium hydroxide, freshly 
precipitated from chrome alum with alkali, was easily soluble in  
excess of the precipitant. After thorough washing and drying 
over sulfuric acid in a desiccator, the hydroxide was insoluble. 
These he regarded as allotropic forms of the hydroxide. 
Hantzsch , 11 in criticizing this, considered the difference in solu
bility  was better explained by the difference in specific surface of 
the two forms, due to  the hydration in the one case, or, as an alter
native explanation, that the solubility of one was due to hydra
tion on Werner’s theory:

Cr(OH2),.(O H ),5= ± C r(O H )s +  6 H ,0

Herz, in conjunction w ith Fischer,”  further studied the pre
cipitation of chromium hydroxide by sodium and potassium  
hydroxides from chromic chloride solutions. The precipitate 
was soluble in excess of the alkali, yielding a clear green solution. 
T hey considered that they had here a case of colloidal solution. 
On long standing, hydrous chromic oxide precipitated, the sta 
bility of the solution being increased by excess of alkali and by 
low temperatures. I t  was difficult to  redissolve the precipitated 
chromic oxide in alkali, and hence this was regarded as a case 
of peptization.

They examined the behavior of the peptized chromic hydroxide 
under dialysis w ith an animal membrane. In every case the  
external water rapidly became alkaline, while the chromic hy
droxide precipitated at the membrane. In this it  differs from 
a similar solution of alumina, where the aluminium passes through 
the membrane. W ith a similar solution of zinc hydroxide, part 
of the zinc passes through and part precipitates a t the mem
brane—i. e., part Exists as zincate and part is colloidally dispersed 
as hydroxide or hydrous oxide.

Experiments on precipitation w ith electrolytes gave indefinite 
results. They next measured the conductivity. They made 
the assumption that if the chromic hydroxide is a peptized 
colloid, the conductivity will be dependent upon the sodium  
hydroxide concentration alone, whereas if a compound is formed, 
the conductivity should alter. Just sufficient alkali was added 
to redissolve the precipitate first formed and then the conduc
tiv ity  was measured. The solution was then boiled, the precipi
tated chromic hydroxide filtered off, and the conductivity again 
measured. They found that it  had not changed, and hence con
cluded that the chromic hydroxide is in colloidal dispersion.

Bancroft1’ remarks on this that, since it  is the hydroxyl ion 
which peptizes the chromic hydroxide, the conductivity should 
be altered. When the hydroxide precipitates, it  carries down 
with it  some alkali and some water, which should change the

10 Z. anorg. Chem., 28 (1901), 342.
“  I i t i . ,  30 (1902), 338.
i \ I b id . ,  31 (1902), 352.
11 Trans. A m . Eleclrochem. Soc., 28 (1915), 351.

It is the purpose of this paper lo present a reoiew of the chemis
try of chromic oxide hydrosol. In  view of the large amount of re
search now proceeding on the chemistry of chrome liquors and on 
the theory of chrome tanning, such a reoiew from  a purely chemical 
standpoint m ay serve to clear the ground of some misconceptions.
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conductivity. Probably the large excess of sodium  hydroxide 
present causes the change of conductivity to fall w ithin the lim its 
of experimental error.

M ore recently Chatterji and D haru found no appreciable 
change in conductivity on adding chromium hydroxide to  sodium  
hydroxide solution. Hildebrand15 is reported to  have applied 
the hydrogen electrode to the measurement of the change in 
hydrion concentration on adding sodium hydroxide to  suspen
sions of alumina and of chromic oxide in water. W ith the  
alumina a definite break in the curve occurs, corresponding to  
the formation of sodium alumínate, NaAlOj. N o  break occurs 
with chromic oxide, rendering the formation of sodium chromite 
unlikely under the conditions of the experiment.

Wood and Black 16 in 1916 examined chromic oxide from the  
amphoteric standpoint. Freshly precipitated and well-washed 
chromic oxide was allowed to stand for two m onths in solutions 
of sodium hydroxide. A t the end of th a t tim e the more con
centrated solutions were becoming yellow. This did not occur 
when all contact w ith air was carefully excluded. T hey con
clude that minute traces of chromic oxide dissolve to form so
dium  chromite, which is slowly oxidized by the atmospheric 
oxygen to form chromate. The acidic dissociation constant 
o f  chromium hydroxide was too small to measure, but the results 
led  to the conclusion that it  functions as a polybasic acid.

The conclusions reached by Herz and Fischer1- were criticized 
.by Kremann , 17 who pointed out that N em st, in the electrolysis 
.of chromium solutions, found that the colored boundary shifted  
towards the anode. Kremann concluded that it  was probably 
not a case of colloidal electrophoresis, but rather that chromites 
of the type N a 2Cr20 2 were formed, where the colored chromite 
ion migrated anodically. W ith som e justice he pointed out 
that Fischer and Herz dialyzed against water, and hence that 
chromite, if present, m ight be sufficiently unstable to hydrolyze, 
and a precipitate of the hydroxide would naturally form at the  
membrane. H e dialyzed an alkaline solution of chromium  
hydroxide against dilute alkali, and, after some hours, found that 
chromite ion had dialyzed through.

Fischer18 replied to these criticisms. A ny anodic migration 
was explained by Bredig’s results, which showed th a t colloids 
were able to migrate w ith the current. Further, in the dialysis 
experiments Kremann made up his solutions from chrome alum. 
Fischer and H erz12 had previously shown that chrome alum gave 
very peculiar and indefinite results, which they attributed to 
the formation of chromium-sulfuric acids, capable of dialysis. 
Fischer also argued that chrome alum is a  salt of the violet variety, 
while the chloride he used was the green one. H e dialyzed green 
chromium chloride against sodium hydroxide solution for thirty- 
six hours, and no chromium passed through the membrane. 
Traces coming through later were due to the destructive action  
of the alkali on the membrane.

N agel13 ultrafiltered a dispersion of hydrous chromic oxide in 
alkali through collodion filters. The oxide was com pletely  
filtered out, the liquid coming through colorless. Bancroft 
found on shaking precipitated chromic oxide w ith water and 
benzene that the oxide went to the dineric interface. N agel 
therefore tried to  shake out the peptized chromic oxide w ith  
benzene or kerosene, but this was useless in alkaline solutions.

W e can, therefore, conclude that chromic oxide can be colloi- 
dally dispersed in alkali solutions, from which on long standing it 
precipitates out. If these solutions are exposed to the air, some 
oxidation to chromite and chromate occurs. T he nature of the

14 ' ‘T he  Physics and  C hem istry of Colloids” (F arad ay  and  Physical 
Societies’ D iscussion), 1921, 122.

15 D iscussion following paper by  B ancroft. See foo tno te  13.
w J . Chem. Soc. (London), 109 (1916), 164.
17 Z . anorg. Chem., 33 (1903), 87. T he reference to  N e m st given by 

K rem ann  appears to  be incorrect.
» Ibid., 40 (1904), 39.
»N ag el, J .  Phys. Chem., 19 (1915), 331, 569; B ancroft, Ib id ., 19 

(1915), 275.

peptizing electrolyte is uncertain. I t  m ay be the alkali itself—  
the hydroxyl ion, as some would say— or quite possibly a trace  
of alkali chromite.

H y d r o u s  C h r o m ic  O x i d e  P e p t i z e d  w i t h  C h r o m ic  C h l o r i d e

Fischer12 studied the solubility of freshly precipitated and 
washed chromium hydroxide in vio let chromic chloride solutions. 
The results showed that the solubility of the hydroxide was not 
directly proportional to the chloride concentration. H e could 
not precipitate the chromium hydroxide from solution, either 
with electrolytes or by heating for eight days on the water bath. 
H e concluded that a  basic chloride was probably formed by  
hydrolysis, and that chromium hydroxide was also present as 
a colloid. However, he abandoned the study of chromium salts, 
owing to their color and general com plexity, and turned to  alum in
ium as providing a simpler system .

N eidle and Barab20 studied the dialysis of colloidal solutions 
of hydrous chromic oxide in chromic chloride, using parchment 
paper membranes. T he results are som ewhat confusing, as 
at first the colloidal particles diffused through the membrane. 
This ceased later, which they attributed to the growth of the par
ticles. They also studied the diffusion a t high temperatures 
(around 80° C.), and as a result discovered the more rapid prep
aration of purer sols. The examination of these sols showed 
that the reputed stab ility  of chromium hydroxide sols to  
electrolytes was in reality due to  insufficient dialysis. This is 
shown by the following table:

•ous CraOj r—G. R q./L ,iter—* Cc. 0.1 N  KC1 Required to  Precip
Sol CrjOa HC1 ita te  10 Cc. of Sol

1 0.0693 T race 0.37
2 0.0984 0.0020 3.00
3 0.0888 0.0058 30 .00  did n o t precip ita te

They conclude th a t (a) the higher the temperature, the less 
electrolyte is necessary for the stab ility  of a sol, and (b) the  
concentration of electrolyte necessary for stab ility  a t a  given  
temperature increases w ith the concentration of the colloid. 
The green chromic chloride readily yields sols on dialysis, while 
only traces are obtained on dialyzing the violet salt.

N iels Bjerrum 8 applied conductivity and hydrogen-ion m eas
urements to  the study of the hydrolysis of violet chromic chlo
ride, and these tend to throw some light on the colloidal aspect. 
H is results in  adding sodium hydroxide to chromic chloride solu
tion show decreased conductivity until one mol of N aO H  per 
mol CrClj was added; then the conductivity very slowly increased 
until three mols N aO H  per mol CrCl3 were added, after which  
the conductivity rapidly increased. This indicates the forma
tion of a  definite basic salt, CrOHClj. H is results were 
corroborated by Denham , 21 using the electrometric method. 
N agel19 tried the ultrafiltration of a "basic” chromic chloride 
solution, and found that the peptized chromic oxide was filtered 
out, a normal solution of chromic chloride passing through. H e  
therefore concluded that no appreciable am ount of basic sa lt was 
formed, which is strange in view  of Bjerrum’s results. If N agel’s 
chloride solution was more basic than CrOHClj, he m ay very  
possibly have had hydrous chromic oxide peptized in a solution  
of CrOHCl2. B ut this does not explain w hy normal CrCh 
solution passed through the filter.

H y d r o u s  C h r o m ic  O x i d e  P e p t i z e d  w i t h  C h r o m ic  S u l f a t e

T . W. Richards and F. Bonnet7 in 1903 studied “ the changeable 
hydrolytic equilibrium of dissolved chromic sulfate.” An 
attem pt was made to  determine whether any definite basic salt 
was formed. Shaking out the green solution w ith an alcohol- 
ether mixture, they finally obtained a solution in  which the salt 
appeared to be CrOHSOj. A similar result was obtained by

»  J .  A m . Chem. Soc., 38 (1916), 1961; 39 (1917), 71.
21 J . Chem. Soc. (London), 93 (1908), 41.
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digesting the green solution w ith the hydroxide on the steam  
bath for several hours. B u t this is not the lim it of basicity in 
the cold. B y  shaking for several days a violet solution w ith  
chromium hydroxide, whereby it is rapidly converted into green, 
they finally obtained C rs(0H )7(S04)i-

Of course there is no lim it to the theoretical number of basic 
salts. The last one named can be written

HO HO HO HO HO
I I I I I

HO— Cr Cr Cr Cr Cr— OH 
\ /  \ /  \ /  \ /  ■SO. so4 so< so,

and obviously the process of formula building can be extended 
ad lib., though practical justification m ay not be forthcoming.

Another test for the existence of a basic sa lt was applied. 
W hen the sulfate ion in chromiufn sulfate is precipitated as 
BaSOi, the precipitate contains some of the green salt occluded, 
since the green salt is highly hydrolyzed, but does not occlude 
any of the violet salt. R ichards22 had previously shown that 
such occlusion, which is quite a general phenomenon, is probably 
due to the distribution of a definite molecular species between  
the solvent and the precipitate a t  the m om ent of formation of 
the latter. Consequently, he hoped in this w ay to get a t the  
formula of the basic salt. Solutions of sodium sulfate and chro
mic chloride were mixed, allowed to stand, and then precipitated 
w ith barium chloride. The am ount of salt occluded increased 
with the delay in precipitation, showing that tim e was necessary 
for the formation of the more complex sulfates. The salt 
occluded was a basic chromium sulfate and not a chloride.

They also examined the migration on electrolysis of a basic 
sulfate solution. T he migration was entirely cathodic, and 
there were 19.3 g. Cr per 96,580 coulombs, a surprisingly large 
figure. They argue that, since the atom ic weight of chromium  
is 52, each atom  of chromium cannot be associated w ith more 
than two charges and probably w ith not more than one. A s
suming that the sulfate ion alone migrates anodically w ith a 
m obility of 70, the m obility of the chromium group, if w ith one 
charge, is 41, if with two charges, is 243. The latter figure is 
improbable, while the former resembles those for zinc and m ag
nesium. They regard it as possible that the cation m ay be CrO + 
or Cr(OH)2+, which Siewert23 and W hitney 24 showed to  be the  
m ost probable cation in boiled (green) solutions of chromic 
chloride or nitrate, or the cation m ay be yet more complex, with  
basic groups attached.

In general, Richards and Bonnet concluded that a green basic 
salt existed, but they were not prepared to assign any definite 
formula to it, since hydrolysis m ight very possibly proceed in 
steps. Further work as to the existence of a colloidal substance 
in the hydrolyzed solution was promised, but does not appear to 
have been published.

In view  of the foregoing and Bjerrum’s results w ith the chlo
ride, I carried out the ultrafiltration of a  basic chromic sulfate 
solution. This was prepared by reduction of a sodium dichro- 
m ate solution w ith sulfur dioxide, the excess sulfur dioxide 
being removed by boiling. The dark green, concentrated solu
tion contained 269.9 g. Cr20 3 per liter. This w as ultrafiltered 
through hard filter papers impregnated w ith 1 and 5 per cent 
gelatin dispersions, the papers being subsequently hardened in 
4 per cent aqueous formaldehyde solution, and through a collo
dion disk. In every case the solution passed through unchanged, 
no colloidal particles being retained by the filter. T he same 
result was obtained when the solution, diluted w ith three vol
umes of water, was allowed to remain in a collodion bag sus
pended in air. The concentrated solution and one diluted to ten

Proc. A m . Acad. A rts Set., 35 (1900), 377; Z. anorg. Chem., 23 (1900),

** A nti. Chem. Pharm., 126 (1863), 86.
»  Z. physik. Chem., 20 (1896), 40.

383.

volumes with water were dialyzed in collodion bags against 
water, the water being changed frequently. In less then eighteen 
hours even the concentrated solution had com pletely dialyzed 
through the membrane, the liquid remaining in the bag being 
colorless.

Such a solution as that described above should have a basicity 
equivalent to Cr0 H S 0 4 , or, according to  B assett , 25 would contain 
a mixture of 95 to 96 per cent chromic sulfate and 4 to 5 per 
cent chromium ditliionate.

Conductivity titrations of chromic sulfate solutions with  
barium hydroxide have been carried out by A. W. Thom as and 
S. B. Foster , 25 and by W. R. Atkin and D . Burton . 27 These, 
however, were for the purpose of determining when all three 
sulfate ions had been precipitated, and the readings are insuffi
cient to determine definitely whether there is a break in the 
curve corresponding to the formation of a definite basic salt. 
In the former’s curves there is evidence of such a salt being 
formed. I intend to investigate this point by this and other 
m ethods as time permits.

It seems probable that there m ay exist a basic salt, CrOHSO*, 
analogous to the chloride. The question is complicated by the 
fact that in certain basic chromic sulfate solutions part of the 
chromium is found in a complex anion. I t  is quite possible that 
such basic solutions and colloidal dispersions of hydrous chromic 
oxide m ay exist together. The whole question is certainly a 
m ost complicated one, and the pure chemistry of “ basic” chromic 
solutions must be cleared up before any definitive theory of 
chrome tanning can be elaborated.2’

O t h e r  S o l s

Biltz , 23 in 1902, arguing that in the series of precipitating 
anions NOa~ was the least powerful, proceeded to study the  
formation of colloidal hydroxides of polyvalent m etals by dial
ysis of their nitrates. Chromium hydroxide hydrosol was pre
pared by an eight-day dialysis through parchment of a fairly 
concentrated solution of commercial chromic nitrate, changing 
the external water three times a day, until it finally gave no 
test for NOj~. The sol so prepared was dark green by both 
transmitted and reflected light. I t  had a neutral reaction, 
and contained NO j- . Like other chromium sols, it  was ap
parently resistant to electrolytes. Sodium and barium chloride 
solutions gave no turbidity, nor did a few drops of hydrochloric 
acid. Sulfuric acid or saturated sodium chloride solution gave 
decided turbidity and precipitation.

W oudstra , 30 in 1909, prepared a “red” colloidal sol of chromic 
hydroxide from chromic acetate solution, both by dialysis and 
by distilling off the acid in steam . The sol was brownish red 
by transmitted and a dirty green by reflected light. The sol 
was electropositive and very resistant to electrolytes. Twenty  
per cent solutions of MgSO<, BaClj, N a 2COa, K CN, K SCN , 
KMnO(, and concentrated solutions of H 2SO<, HC1, H NO 3, 
NaOH, (N H 4)2C 0 3, and (NH<)2 ( C 0 0 ) 2 . gave no coagulation. 
The acids dissolved the chromic oxide and gave green solutions.

C h r o m ic  O x i d e  J e l l ie s

Bunce and Finch 31 studied the formation of chromic oxide 
jellies. If sufficient sodium acetate is added to a  chromic sulfate 
solution, and then an alkali, the solution sets to a jelly which 
is not completely reversible. The concentrations of reactants 
employed can vary within wide lim its, and both violet and green 
jellies formed, according to  whether ammonia and slight or 
large excess of alkali be employed. N agel19 also studied this.

«  J .  Chem. Soc. (London), 83 (1903), 692. 1
24 J .  A m . Leather Chem. Assoc., 15 (1920), 510.
17 J . Soc. Leather Trades’ Chem., 6 (1922), 14.
18 Thom pson and  A tkin , Ibid., 6 (1922), 207.
*» Ber., 35 (1902), 4431.
30 Kolloid Z ., 5 (1909), 33.
Ji / .  Phys. Chem., 17 (1913), 769.
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jelly formation. Recently W eiscr32 reviewed the literature on 
hydrous chromic oxide, and also showed th a t jellies of both the 
positive and negative colloid could be formed.

C o n c l u s io n

I t  will be seen that the question of whether chrome liquors 
contain basic salts or positively charged chromic oxide sol 
or both, is as ye t undecided. Possibly an explanation m ay be 
found in the work of Pauli and Adolf , 33 in their research on alu
mina hydrosols. They find that the usual aluminium hydroxide 
hydrosol, as prepared from aluminium acetate, proves to  be a  
basic acetate, or aluminium m onoacetate [Al(OH)j.CHjCOO], 
which is largely hydrolyzed and in which the complex ions 
3A1(OH)j.A1(OH)j+ and CH 3COO~ have grouped them selves 
into colloidal particles. They were able to prepare from alu-

■' J . Phys. Chem., 26 (1922), 401.
** "T h e  Physics and  C hem istry  of Colloids’* (F arad a y  and  Physical 

Societies* Discussion), 1921, 14.

minium chloride the following transitions to aluminium hydroxide 
sol: Al(OH)Clj; A l(O H),Cl; 2Al(O H )3Al(O H),Cl. Further, 
w ith increasing proportions of alumina, the aluminium hydroxy  
salts incline to the formation of negative alum ínate complexes, 
in addition to positive ones, a tendency which increases with 
dilution. These exist for zirconium hydroxide and probably 
also for dilute ferric hydroxide sol, and this m ay, according to  
Pauli, prove to be general for m etal oxide sols. From the  
sim ilarity between aluminium and chromium, som ething of 
this sort m ay also occur w ith chromium sols , 2 8  but the evidence 
so far is not conclusive.

The negatively charged sol certainly exists, but is of no appli
cation in tanning practice. T he concentration of alkali neces
sary to peptize the chromic oxide is such th at it  would rapidly 
dissolve any hide put into it, apart from the sol being precipitated  
by the salts or acid in the hide. I  tried such a sol on hide powder 
and the latter w as very rapidly hydrolyzed. T he positive sol 
probably exists, but its investigation is complicated by the  
possibility of basic salts and negative chromium complexes.

Earning Power of Research as D em onstrated by the  
Experience of the  American Rolling Mill C om pany1

By D. M. Strickland

T u b  A m e r i c a n  R o l l i n g  M i l l  C o . ,  M i d d l e t o w n , O h io

IT  H AS B E E N  SA ID  with 
much truth that many 
research programs are 

not undertaken in this coun
try  until some pressure is 
brought to bear upon the cor
poration financing it. This
pressure m ay be economic, or it m ay be the strong arm of the 
law, which insists th a t earth, air, or water be no longer polluted. 
A much brighter picture is that presented by corporations which 
set out to attain a definite objective, and who from the begin
ning ally them selves w ith science in the confident knowledge 
th at with its assistance its ideals can always be realized.

The American Rolling M ill Com pany was founded by men 
who foresaw the trend of the tim es and who recognized the  
possibilities of organized research. In addition to  the research 
staff there are many executives and directors of operating 
activities who are keenly appreciative of research developm ent 
and who cooperate whole-heartedly w ith the m en in the research 
laboratories. In any plant the greatest earnings are produced 
by research when there is this close cooperation between the men 
responsible for productive manufacture and the theoretical 
investigators of the research organization. M utual confidence 
among the technologists and the men who work out in practice 
the laboratory recommendations insures research accomplish
m ent and better commercial products.

H ig h - G r a d e  S t e e l  O b t a in e d

Years ago the need for high-grade steel for electrical require
m ents was recognized. Electrical engineers insisted th a t the  
cost of electrical equipment be reduced and its efficiency in
creased. Here was a problem calling for team  work on the 
part of the chemists, the metallurgists, and the electrical engi
neers. I t  was not sufficient that the analytical composition 
of this steel be satisfactory; it  was also im perative that the 

1 R eceived June  24, 1922.

The experience of m any business men is that to make research pay  
it is only necessary to adequately support a sufficient number of 
studies on worthy projects under competent direction. One and 
often more than one problem is sure to be successfully soloed, and 
this more than repays the entire expense.

m ost efficient productive 
m ethods, rolling procedure, 
and all manufacturing steps 
be determined scientifically. 
Conscientious endeavor along 
these lines resulted in sheet 
steel for electrical equipment 

of such perfection th a t to-day it  is used throughout the land. 
The peculiar qualities of this steel are such that in trans
formers alone it  is responsible for a reduction in the cost of 
electric current wherever it  is used a t the present tim e. 
This saving—one of the dividends on the research undertaking—  
can be reckoned in millions of dollars annually.

R u s t - R e s i s t i n g  M e t a l

H aving accomplished this primary result, research was then  
directed toward another commercial need—the production of 
a rust-resisting sheet m etal. The rust problem was scientifically 
studied and it was found that governmental investigators and 
testing engineers had already reached the conclusion that the  
purer the iron the more enduring it  is when exposed to  corrosive 
conditions. The research organization proceeded a t once to  
the study of producing commercially pure iron. R aw  materials 
had to be chosen w ith exacting care; purification processçs, roll
ing practices, annealing procedures, and other necessitated  
manufacturing steps were changed before the requirements of 
commercially pure iron were m et. In  the end a rust-resisting 
iron was developed which has been produced w ith  great uni
formity year after year. T he sum  of such impurities as sulfur, 
phosphorus, carbon, manganese, copper, silicon, hydrogen, 
nitrogen, and oxygen is always less than sixteen-hundredths of 
one per cent.

In  the production of sound m etal the occluded gas is a major 
problem. Research investigation proves th at the service life  
of finished m etal sheets was shortened when they were contam i
nated with appreciable am ounts of occluded gases. I t  w as
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necessary to devise new methods of chemical analysis so that 
gaseous impurities could be quantitatively determined. It  
was found, too, that occluded gases play a part on corrosion 
resistance, interfere w ith galvanizing, and are detrimental to  
paint-holding and enameling qualities.

F i g . 1— R e s e a r c h  L a b o r a t o r y  o f  A m e r ic a n  R o l l in g  M il l  C o m p a n y

C o m m e r c ia l l y  P u r e  I r o n

Research pointed the way to the perfection of degasification 
practices, and the illustration indicates great improvement in 
the soundness of ingots and compares the sound commercially 
pure iron w ith the gaseous steel product (Fig. 2). This com
mercially pure iron has been used w ith great success for gal
vanizing, and experience has shown that the purer the spelter 
coating can be applied the more corrosion-resistant and long- 
lasting such coating will be. The research organization has 
determined that coating purity is a measure of the service life 
of every galvanized installation. I t  has further shown that 
commercially pure iron, being a properly degasified metal, 
possesses to a high degree the valuable characteristic of tena
ciously holding a coat of paint. Such iron has a  further advan
tage of resisting the rusting action of any m oisture which m ay  
penetrate the paint film. For vitreous enameling purposes this 
sam e m etal has a homogeneity, chemical purity, ductility, and 
degasification which play an important part in successful enamel
ing. T he m ost satisfactory welding is done with pure m etals 
free from occluded gases (Fig. 3). Commercially pure iron has 
been found to  surpass the Swedish and Norway irons formerly

D r e d g e  P i p e  a n d  
O t h e r  S p e c i a l  S t e e l s  

Another accomplish
m ent of this research 
to be measured in dol
lars and cents is the 
production of a dredge 
pipe. This involves 
the production of a 
special analysis steel, 
an improved design of 
pipe, and perfection 
in welding. Owing to 
special lipped joints 
which add to the worth 

of this research accomplishment, the pipe line can be laid 
straight or in a form of a  circular arc.

The provision of special sheet m etal for deep drawing and 
spinning is also to be credited to research. To produce such 
products it  was necessary to develop special finishes, scientific 
cold-rolling, heat-treating, and pickling methods.

thought necessary for such work.

F ig . 2

I m p o r t a n c e  o f  C o l l a b o r a t io n

The research department of the American Rolling M ill Com
pany realizes the mutual advantage to  be gained by collaboration 
with experimental departments of kindred organizations. Its 
research investigators and service engineers confer w ith repre
sentatives of customers, v isit their plants, examine their peculiar 
conditions, and utilize their science in an effort to adapt the 
products to the customer’s needs, or to  adapt the customer’s 
fabrication methods to the needs of the iron specialty. The 
organization finds it  imperative to continually study and try 
out developments perfected by scientific societies, university 
research laboratories, and m any individuals. During the de
velopment of commercially pure iron it  w as necessary that chem
ical control be studied in its entirety. N ew  methods of analysis 
were studied so that minute quantities of impurities could be 
accurately determined.

F i g . 3

" R e s e a r c h  a n d  M e t h o d s  o f  A n a l y s is ”

In 1911, the first edition of "Research and M ethods of Anal
ysis” was published, and contained various analytical procedures 
which had been found satisfactory. To m eet an increasing 
demand, a second edition appeared in 1920. The 1920 edition 
is a comprehensive book containing the very latest information 
on iron and steel analysis. Thd methods outlined are of greatest 
use to the chemist seeking traces of impurities that m ay be 
present in commercially pure iron. Chemical, metallurgical, 
and electrical testing methods are given, together w ith an inter
esting study of old irons. I t  contains many methods of analysis 
perfected by members of the United States Bureau of Standards, 
W estinghouse Research Laboratory, Institute of Industrial 
Research, em inent college men, and other scientific experts.

D o e s  R e s e a r c h  P a y ?

I t  is noteworthy that during the recent business depression, 
when research organizations of m any industrial enterprises 
were dismissed in their entirety—even when all business ex
periments were curtailed and appropriation for "productive" 
departments reduced' to a minimum—the activities of the re
search department of the American Rolling M ill Company 
continued unabated, and new iron and steel specialties, new  
manufacturing methods, and new commercial uses for ferrous 
m etal products were developed and perfected.

The following Industrial Fellowships have been established at 
M ellon Institute since July 1, 1922: food container, corrosion, 
gelatin, ester, oil, metallic oxides, slag, gas, liquid carbonic, and 
perfumes.

A com mittee of ten  members of the American Zinc Institute  
has been appointed to act w ith the Bureau of M ines in an effort 
to  promote research on behalf of the zinc industry and to con
sider the problems from a national viewpoint.
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Patent Law of Interest to  Chemists. I—Paten t R igh ts1
By Frank E . Barrows2

1 6 5  B r o a d w a y , N e w  Y o r k , N .  Y .

M e a n in g  o f  " P a t e n t ”

IN  ITS limited or legal 
sense the term “patent” 
is an abbreviation of 

"letters patent” and refers to 
the grant by the Government 
to the patentee of certain 
exclusive rights in the inven
tion patented. In this sense 
patents are property, and are 
often referred to as "intellec
tual property.”

In a more general sense 
patents are referred to  •with
out regard to any rights pro
tected thereby. Patents, in 
this more general sense, in
clude both domestic and 
foreign patents. The term  
"patent,” as thus used, is 
rather a means of identifica
tion or a descriptive term  
than a term having any legal 
significance. In this broader 
sense patents constitute a part of the technical literature 
and stand on much the same footing as other publications. 
Thus, we may consider patents merely for the information  
they contain, just as we consider the periodical literature as 
a source of published information. From this standpoint it  is 
immaterial whether the patents are dom estic or foreign, and, in 
the case of domestic patents, whether the patents have expired 
or are still in force.

It is important to keep these different meanings of the term  
"patent” in mind, because in considering patents from their 
legal aspect we are concerned w ith the rights which they secure 
to the patentee, while in considering patents from the more gen
eral aspect w e may not be a t all concerned w ith these rights.

I t  is w ith the more limited aspect of patents as property, and 
the nature of such property, that we are primarily concem cd in 
the following discussion. In some respects property rights in 
patents are similar to other property rights; in other respects they  
are governed by rules peculiar to them selves.

T h e  S t a t u t o r y  B a s is  o f  P a t e n t s

Patents are creatures of statute. There is no natural right to 
a patent. The only natural right which an' inventor has in an 
invention is the right to keep it  secret. As long as he m ay be 
able to keep his invention secret, and as long as others do not 
independently make the same invention, he will be protected, 
but his rights are subject always to the peril of independent dis
covery of the same invention by another, as well as to  possible 
treachery on the part of confidants. If another should inde
pendently make the same invention, the first inventor could not 
prevent him from using it if his invention could not be protected  
by patent.

Since patents are thus creatures of statute, we m ust look to the  
patent statutes, and the constitutional provision on which they

1 Received D ecem ber 2, 1922.
* M em ber of the  firm of Pennie, D avis, M arv in  & Edm onds, Coun- 

<elors-at-X,aw.

are based, to find out what 
inventions are patentable, 
how they m ay be protected, 
and the nature of the protec
tion obtainable. The basis 
of our patent system  was 
laid in the Constitution as 
originally adopted in 1787, 
which provided that:

The Congress shall have  
the power * * * * to  promote 
the progress of science and 
useful arts, by  securing for 
lim ited tim es to authors and 
inventors the exclusive right 
to  their respective writings 
and discoveries.

The power to grant patents 
is thus delegated to  Con
gress, and it has been in pur
suance of this power that 
the patent statutes have been 
enacted. Their object, as 
stated in the Constitution, is 
"to promote the progress of 

science and useful arts;” and while this object has som etim es 
been lost sight of, ye t it  has been repeatedly emphasized by the  
Courts as the guiding principle of our patent system .

The progress of science and of the useful arts is promoted by 
the early disclosure of inventions and by the stim ulation of in
vention. In order to  accomplish this result the inventor is  
rewarded or compensated b y  the grant of patent protection.

A patent is therefore a reward or com pensation to the inventor 
for disclosing his invention. I t  is also in the nature of a contract 
between the inventor and the public, whereby the inventor is 
accorded patent protection for his invention for a lim ited period 
of tim e, and whereby the public secures an early disclosure of 
the invention and the right to use it  after the patent expires.

T h e  E x c l u s iv e  N a t u r e  o f  P a t e n t  R ig h t s

When a patent is issued by the U nited States P aten t Office 
(to which Congress has delegated the authority), there is granted  
to the inventor, his heirs or assigns, “the exclusive right to make, 
use, and vend the said invention throughout the United States  
and territories thereof,” for the term of seventeen years from the  
date of grant.

In this grant the rights conferred upon the patentee are referred 
to as "exclusive rights” the same as they  are in the constitutional 
provision above quoted.

I t  is natural for a patentee to assum e that the right thus granted 
him is an affirmative right to make use of the invention patented, 
and many a patentee has been misled by this assum ption into  
believing that he could go ahead forthwith and use his invention. 
In fact, however, the grant of a  patent does not give to the pat
entee any right whatever to use his invention.

The exclusive right granted by a patent is exclusive only in  
the sense of a right of exclusion. The exclusive right granted is 
the right to exclude others from making use of the invention  
patented—i. e., the invention claimed. W hether or not the  
patentee is himself free to make use of his invention is a separate 
and distinct question governed by considerations independent 
of those which govern the grant of his own patent.

The new inventions which mark the progress of chemical industry 
are to an important and often to a controlling degree protected by 
patents. Such progress is becoming more and more dependent 
on organized chemical research. Chemists, whether engaged in 
research or otherwise interested in such progress, are often called upon 
to deal With patent questions, and must give consideration to such 
questions if  they would safeguard their interests and avoid unneces
sary litigation.

M ost chemists must acquire their know êdge of patents and of 
patent law by experience or by individual study. In only a  very 
few  of the colleges and universities do the courses in chemistry and  
chemical engineering provide instruction in patent law.

The present series of articles w ill include a discussion of some of 
the principles of the patent law, as well as some of the practical 
questions that arise in dealing with patents and inventions. The 
articles are not intended as a treatise on patent law, but rather as a 
discussion of the law, and of questions of practical importance, 
from  the standpoint of the chemist and chemical engineer.

The present article w ill deal with the nature of patent rights; 
later articles w ill deal with the subject of patentable inventions, the 
procedure in obtaining patents, the construction and interpretation  
of patents, patent searches, foreign patents, and other questions of 
patent law and its practical application.
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A proper understanding of the "exclusive” nature of patent 
rights is of fundamental importance. Unless it  is clearly un
derstood it  will be difficult to understand many of the practical 
questions th a t arise in dealing w ith patents. As pointed out 
above, the granting of a patent does not give the patentee any  
right to use his invention; it  merely gives him the right to  ex
clude others from using it. The measure of this right of exclusion 
is determined by the claims of his patent.

L et us consider how a misunderstanding of the nature of patent 
rights m ay lead to serious loss or litigation. If the patentee 
assumes th at the grant of his patent gives him the affirmative 
right to use his invention, he m ay go ahead w ith a sense of false 
security and disregard the rights of other patentees whose pat
ents m ay dominate his own invention, that is, whose patents 
m ay contain broad and dominating claims that give a superior 
right of exclusion. The inventor who thus proceeds m ay find 
later that he has incurred a substantial liability for the infringe
m ent of patent rights of others, and he m ay thus be exposed 
to  litigation, which, if successful, m ay involve substantial dam
ages or m ay even result in the entire loss of the investm ent 
m ade in exploiting his own invention.

H ad such a patentee clearly understood the "exclusive” 
nature of patent rights, he would have appreciated that the grant 
of his own patent gave him no affirmative right to use his inven
tion. H e would have appreciated, moreover, that other pat
entees m ight perhaps have exclusive rights which would dominate 
his own. I t  is common experience in dealing w ith patents to 
find that an early patentee has secured a broad and dominating 
patent giving him rights of exclusion which will prevent later 
patentees from using the particular improvements which they  
have patented.

An appreciation of this possibility of litigation naturally  
suggests that an investigation be made of the rights of other pat
entees before going ahead with the commercial exploitation of a 
new invention. Such an investigation will disclose whether 
or not other patentees have a  superior right of exclusion which  
will dominate the invention in question. If such an investiga
tion shows that there are no such dominating patents, the pat
entee m ay then proceed w ith a reasonable sense of security, 
although it is impossible to investigate applications for patents 
still pending in the P aten t Office and which m ay mature into 
patents a t a later date.

If such a  preliminary investigation discloses a patent or pat
ents of others that are infringed, the later patentee may 
govern his actions accordingly.

The questions of infringement and patentability are two sepa
rate and distinct questions. The question of infringement de
pends upon whether there are patents which secure to other 
patentees a  superior right of exclusion which will prevent the 
later patentee from using his invention. The question of patenta
bility depends upon whether the invention is itself a patentable 
invention or improvement. The P aten t Office in granting 
patents is not a t all concerned with the question of infringement. 
The only question which the Patent Office determines is whether 
the invention for which patent protection is sought is patentable. 
A large number of patents are granted for improvements upon 
the inventions of earlier patents, and often an earlier patent or 
patents m ay dominate the later improvements. The inventions 
of the later improvement patents cannot in this case be used 
w ithout liability for infringement of the earlier dominating  
patents.

I t  will be helpful to keep in mind that the first inventor in a 
new field m ay obtain a broad and dominating patent w ith com 
prehensive claims which will, exclude others from that particular 
field, but that later inventors m ay invent improvements which  
will be patentable as improvements. The patentee of an im 
provem ent m ay prevent others, including the dominating pat
entee, from using his patented improvement; while the domi

nating patentee, because of his dominating patent, m ay exclude 
the improver from using his patented improvement. When 
the dominating patent expires, the patentees of the improve
ments will be no longer excluded by the dominating patent.

T h e  R i g h t  t o  M a k e , U s e , a n d  V e n d

The exclusive right granted to a patentee is defined in the 
patent grant as "the exclusive right to make, use, and vend” 
the invention. The exclusive rights to make, to use, and to  
vend are three distinct rights.' They are "exclusive” rights in 
the sense th a t the patentee can exclude others from making, 
using, or vending the thing which is patented. In the case of 
patents covering chemical processes, the right is 'essentially  
an exclusive right to use or to practice the process, and does not 
extend to the product made thereby. In other words, the pat
entee of a process patent has the right to prevent others from 
using his process, but he cannot prevent others from making the  
■same product by other processes, or from importing the sam e 
product made in some other country. In the case of new chem
ical products or compositions or new articles of manufacture, 
and in the case of new apparatus or machines, the right granted 
to the patentee is a right to exclude others from making, as well 
as from using and from selling, the patented invention. The 
patentee in such cases can enforce his rights, not only against the 
manufacturer or the one who makes the invention, but also 
against the importer and against others who use it  and who sell it.

T h e  T e r r it o r y  C o v e r e d  b y  a  P a t e n t

The territory covered by a United States patent is the United  
States and its territories. A United States patent has no force 
and effect in foreign countries, and, if the invention is not pat
ented in such foreign countries, the patentee of the U. S. patent 
cannot prevent the citizens or subjects of such countries from 
making use of the invention in their respective countries.

Similarly, foreign patents have no excluding force and effect 
in the United States. If there is no United States patent for 
an invention patented abroad, such invention becomes public 
property in this country. Accordingly, unless some patentee 
in this country has a dominating patent which will be infringed 
by the practice of an invention disclosed in such a foreign patent, 
any one in this country is free to  use such invention.

The question of foreign patents will be later dealt w ith in 
greater detail, but in considering the territory covered by a United  
States patent it  should be kept in mind that these rights do not 
extend to foreign countries, and that foreign patents have no ex
cluding force and effect in the United States.

T h e  T e r m  o f  a  U n i t e d  S t a t e s  P a t e n t

A United States patent is granted for a term of seventeen  
years from the date of grant. Upon the expiration of this term  
the invention becomes public property—that is, the patentee  
can no longer exclude others from using his patented invention.

I t  is important to keep in mind that the term of a United  
States patent is from the date of grant and not from the date of 
application. In this respect a United States patent differs from 
patents of many other countries where the term of the patent 
begins to run from the date of application.

United States patents cannot be renewed or extended except 
by act of Congress, and for practical purposes the right m ay be 
considered not to  exist.

There are no taxes or renewal fees for the maintenance of a 
patent after it  has been granted, nor are there any requirements 
for the compulsory working of the invention in this country. 
The granting of the patent secures to  the inventor protection for 
the full term of seventeen years, w ithout further expense for 
fees or taxes and without any obligation on his part to  use his 
invention or permit others to use it. In  these respects our patent 
laws are much more liberal than those of m ost foreign countries.
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YOUNG  men beginning 
the study of research 
methods have a right 

to  know those general prin
ciples that will help them in 
the solution of any research 
problem; yet, few are given  
this opportunity. Educa
tional men and research 
chem ists have rarely brought 
forward clearly defined and 
workable plans of attack for research problems in general. M ost 
research chemists a t the beginning of their training are either 
left strictly alone and allowed to  flounder as best they may, or 
they are told explicitly w hat to do and how to  do it  by som eone 
else, w ithout being allowed to  develop their own ideas. U lti
m ately, each investigator devises som e plan of his own which is 
usually more dependent on “hunches” that cannot be explained 
than upon any definite scheme of procedure.

A few definite principles similar to  those developed in patent 
practice form the basis of every successful plan. Research men 
familiar w ith patent procedure generally show a remarkable 
degree of accomplishment compared w ith those who do not 
have the advantages of such experience. I t  is our purpose to 
present a plan developed from experience w ith commercial and 
industrial research which has resulted in successful, practical 
operation and the issue of broad basic patents.

S e a r c h  o f  L i t e r a t u r e

The collection of all available information bearing either di
rectly or indirectly on the problem in hand is recognized as the  
first step in any research. T he importance of indirect bearings 
on the problem cannot be over-estimated, for analogy is a power
ful weapon when properly applied. L et us suppose, by way of 
illustration, that a new and more efficient process for the oxida
tion of acetaldehyde to acetic acid is desired in order to  dispose 
of a plentiful supply of the former and to fill an existing demand  
for the latter. The literature search should cover, not only the 
particular oxidation in question, but also the oxidation of re
lated compounds to  their corresponding acids. K etones, alco
hols, hydrocarbons, and other aldehydes m ight conceivably  
act similarly under similar circumstances. As the problem  
begins to  take more definite shape in the mind of the worker, 
leads along this line will be developed and should be carried 
through.

E l im in a t i o n  o f  U n s u i t a b l e  P r o c e s s e s

From the mass of information thus collected, som e more or 
less definitely applicable processes must next be selected w ith a 
view  to  their commercial possibilities. T o  continue the hypo
thetical case, let us suppose that the methods found for carrying 
o u t the oxidation were, among others:

1 — In aqueous solution using nitric acid, hypochlorous acid, 
potassium permanganate, or potassium bichromate.

2 — In the vapor phase using air as the oxidizing agent in the  
presence of a catalyst such as platinum black or vanadium  
pentoxide.

Others m ay be found in this case, but the examples given may 
be considered typical. The elimination of those unsuited to the  
present case m ay be done w ithout experimentation. Oxidizing 
agents that are too costly, such as potassium  permanganate, 

1 R eceived Ju n e  24, 1922.

nitric acid, and potassium  
dichromate, need not be con
sidered unless the yields ob
tained are unusually good. 
Processes involving chlorine 
point to  a  high equipment 
cost and upkeep, and there
fore can be eliminated. Cat
alyzers such as platinum  need 
not be considered if the yields 
are poor or if the catalyzer 

is delicate and easily poisoned, because the cost of the material 
would make the cost of the process prohibitive. W e have left 
the oxidation of acetaldehyde w ith  air in the presence of vana
dium pentoxide. The result of this elim ination is not the only  
one possible, because many factors will influence the researcher’s 
opinion but the existing economics of the question will play the 
leading role.

C o n s i d e r a t io n  o f  C h a n g e s  i n  M e t h o d  S e l e c t e d

H aving the nucleus for the research work, we m ust now see  
where changes can be made, or, in other words, w hat are the  
factors involved in the process chosen. B y  factors are m eant 
not only the chemical and physical characteristics of the constit
uents of the reaction, but all such conditions as are variable. 
The principal factors involved in our hypothetical example 
can be considered as follows:

C atalyzer: Physical characteristics
Chem ical characteristics  

Oxidizer: Physical characteristics
Chem ical characteristics 

A cetaldehyde: Physical characteristics
Chem ical characteristics

T em pera tu re
Pressure
Concentration
Velocity

I t  is of great importance to consider every factor possible be
cause actual laboratory work is still not necessary and no "good 
bets” should be overlooked. The preparation of this list of 
variables is one of the m ost difficult, as well as im portant, parts 
of the problem.

W hen these changes are actually to be made, w e m ust lim it 
the number of variable factors and also the number of variations 
to those for which we have the tim e and m oney available. W e  
must also remember that no change shall be made for which 
there is no sound and substantial reason. Our variations m ust 
be based upon logical principles rather than upon guesswork.

Let us first consider a  change in the physical character of the 
catalyzer. I t  is well known that the greater the catalyzer sur
face the greater its activity. E vidently, if vanadium  pentoxide 
is more finely divided it will have more surface and more activity. 
The same result can be obtained b y  placing the catalyzer on a 
porous body such as pumice stone, but the physical properties 
of the foundation m aterial in  any catalysis are of extreme im 
portance. Pum ice stone is a poor heat conductor, and this will 
prevent a  fine temperature control. T he reaction is exothermic 
and large quantities of heat m ust be conducted away rapidly. 
If this were not done the temperature would rise, and com plete  
oxidation to carbon dioxide would result. A  foundation material 
having both high porosity and high heat conductivity is needed.

M ethod in Research1
By D . B . K eyes  

U . S . I n d u s t r i a l  A l c o h o l  C o ., 2 7  W i l l i a m  S t . ,  N e w  Y o r k ,  N .  Y .

Research methods as applied to the everyday problems of the 
chemical plant are somewhat different from  those followed in the col
lege laboratory—as the differences between the two types of problems 
dictate. This article presents an outline of the steps that must 
be followed i f  the worker is to haoe reasonable assurance of success. 
Its value lies rather in the expression of a tried and trusty method 
than in the presentation of revolutionary ideas. It is hoped that 
the younger generation of chemists going into research laboratories 
w ill find  food for substantial thought in the scheme presented.
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In recent years methods have been described in the literature 
for making m etals, such as copper and aluminium, very porous.

Vanadium pentoxide can be replaced for trial purposes by 
other oxides in the sam e periodic group or by any other oxide 
catalyzer that m ight act similarly. Combinations using two or 
more compounds as a  catalyzer work better than any one alone. 
Energy in the forms of light and electricity work well in many  
cases. Enzym es act as catalyzers in fermentation processes. 
All such principles should be considered, even though tim e  
permit only a  few changes based on such principles.

Though we have picked out of the literature as the m ost fea
sible process the oxidation of acetaldehyde in the vapor phase 
by means of air, it  is not necessary to lim it experiments to this 
oxidizer. If experience or the literature has shown that other 
oxidizers have worked unusually well in other instances, it 
m ight be worth while to try them . Compounds liberating 
oxygen are not the only oxidizing agents. Oxidation is an 
electrical phenomenon, therefore an electric current and also 
the halogens m ay be considered. The physical character of the  
oxidizing agent is very important. Oxygen in the atom ic state  
is much more reactive than in the molecular state.

T he research man m ay discover that the base material acet
aldehyde m ay be replaced by acetylene, ethylene, or ethyl 
alcohol, and a  distinct economic advantage be gained thereby. 
Though such a change is not w ithin the scope of his problem, 
this line of investigation should be followed if tim e permits.

The highest yields along, w ith a practical velocity occur within  
a definite temperature, pressure, and concentration range. The  
control of the temperature is especially im portant in catalytic  
work. The literature is full of methods that have been used to 
control accurately the temperature of gaseous, exothermic, 
catalytic reactions. I t  m ust be adm itted that m ost of the  
m ethods so far devised are poor, but good pointers m ay be 
obtained by reading about these failures. Boiling liquid jackets, 
elimination of dead air space, m etallic supports for the catalyzer, 
and dilution of reacting gases, are a few of the means described 
to overcome this difficulty. Changing pressure and concentra
tion in order to  take advantage of a possible equilibrium is a 
common means for increasing the conversion factor. The 
rapid removal of the finished product is especially advantageous.

A factor which influences the temperature, and indirectly the 
yield, is the tim e of contact of the reacting gases w ith the cata
lyzer, or, in other words, the velocity with which the gases are 
passed across the catalyzer. In  this connection yield and not 
conversion factor is the im portant thing. T hat is to  say, a 
conversion of 70 per cent with 30 per cent waste of raw material 
by passing the catalyzer once is far less advantageous than a 
conversion of 1 0  per cent which results in practically no loss 
through com plete oxidation to carbon dioxide and water. I t  is 
conceivable that the same gases m ay be passed over the catalyzer 
m any tim es and still m aintain an economical advantage pro
vided the over-all yield is m aterially increased.

E x p e r im e n t s  o n  S e m ic o m m e r c ia l  S c a l e

After the process has been pronounced a  success upon a labora
tory scale, the research chem ist’s work has not been completed—  
oftentim es it  is really just begun. H e m ust now collaborate 
w ith the mechanical engineer and work out the process on a 
semicommercial scale. Large-scale apparatus is a  "bird of 
another color,” and new troubles arise. The research chemist 
should never be allowed to turn over his laboratory process to  
others. H e m ust be held responsible to  the very end, because 
it  is only w ith this experience well in mind that he can develop  
in  the laboratory the nucleus of a commercial process. H e will 
soon learn that laboratory processes are usually only successful 
when standard pieces of equipment are needed for industrial 
scale work. T he tim e necessary to produce special plant equip
m ent m ay be longer than can be allowed. I t  is easier to  change

the laboratory process to fit the standard plant equipment than  
to  experiment with new and unique plant design. Standard  
chemical engineering operations give enough trouble without 
borrowing troubles from the unknown. T he real experimenting 
should be done in the laboratory, not in the plant. A full- 
sized unit should not be made a t first, but rather a semicom
mercial unit. These points cannot be over-emphasized.

S e l l in g  t h e  P r o d u c t

T he research m an’s work carries him  into at least one m ore 
field. If he has developed a  new product he m ust go w ith the  
salesman and help overcome the difficulties experienced by the  
customer. The research man can remedy the troubles m ore 
quickly than anyone else, and, furthermore, he will learn 
economic principles that are essential in his work. The cus
tom er’s requirements, the shipping requisites, and the sales field, 
should be thoroughly appreciated by the research man. T he  
customer is, after all, the person who supplies the m oney for 
research work, and his wishes should be carefully considered. 
Business principles and production methods have never injured1 

the highly scientific research chemist, but rather have broadened 
his viewpoint and increased his productive ability.

T he plan of research outlined is not one that is offered as a 
tentative scheme, but it  is one that has proved its value in th e  
cold gray dawn of industry. I t  is recognized that the ideas, 
expressed are not in them selves new, but an attem pt has been, 
made to crystallize these ideas so that all m ay benefit by them .

Lexington Section Officers
The election of officers of the Lexington Section resulted a s  

follows:

President: J o h n  A. G u n  Ton', T ransylvania  College, Lexington, Ky.
1st Vice President: L. A. B r o w n ,  E xperim ent S ta tion , U niversity  06 

K entucky, Lexington, Ky.
2nd Vice President: J . R . M i t c h e l l ,  U niversity  of K entucky.
Councilor: H . P . N e w t o n ,  Georgetown College, G eorgetown, K y . 
Secrrlary-Trcasurer: E . L. J a c k s o n ,  Experim ent S ta tion , U niversity  

of K entucky.

South Jersey Section Officers
The following officers of the South Jersey Section have been 

elected for the coming year:

Chairman: H . W. M a i i r  •
Vice Chairman: A. F . O d e l l
Secretary-Treasurer: W . F l e t c h e r  T w o m b ly ,  care  of E . I. du  P o n t 

de N em ours & Co., Box 525, W ilm ington, Del.
Councilor: W . S . C a l c o t t

Officers of New York Section
A t the meeting of the N ew  York Section at Rumford H all. 

N ew  York City, on December 8 , 1922, the following officers for 
1923 were elected:

Chairman: C. A. B r o w n e ,  N ew  Y ork Sugar T rade  L aborato ry .
Vice Chairman: C. E . D a v i s ,  N atio n a l B iscuit Com pany.
Secretary-Treasurer: B . T . B r o o k s ,  T he M athieson Alkali W orks, In c .
Executive Committee: M . H . I t t n e r ,  C olgate Co.; J a m e s  K e n d a l l ,  

Colum bia U niversity; H . C. P a r m e lE E , Chemical and Metallurgical Engi
neering; and  H . G . S id e b o t t o m ,  Jay n e  & Sidebottom , Inc . .

Councilors; C. A. B r o w n e ,  C. E . D a v i s ,  B . T .  B r o o k s ,  J a m e s  K e n 
d a l l ,  H . C. P a r m e l e e ,  H .  G . S id e b o t t o m ,  R .  G . W r ig h t ,  F. H . G e t m a n ,  
E l l w o o d  H e n d r ic k ,  K . G . M c K e n z i e ,  D a v i d  W e s s o n !  H .  R .  M o o d y ,  
M . H .  I t t n e r ,  A. C. L a n c m u ir ,  D .  W . J a y n B , B . R . T u n i s o n ,  A. W .  
T h o m a s ,  W i l l i a m s  H a y n e s ,  L o i s  M . W o o d f o r d ,  M a r y  E .  P e n n i n g t o n ,  

and  F . M . T u r n e r .
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Length of W ork  Periods on Continuous-Process W ork  in 
the Chemical Industries'

By Horace B. Drury2

IN  CO N SID ER IN G  the 
c h e m i c a l  industries, 
nothing will be said con

cerning steel or the other 
metal industries. These are, 
of course, chemical, especially 
in ore reduction and refining.
B ut the importance of the 
m etal industries, and the 
special character of the equip
m ent and processes employed, 
has set these industries apart 
as a field to themselves. Of 
the chemical industries that 
lie outside the field of m etal
lurgy, the number involving 
continuous work is large.
The manufacture of glass, 
cement, lime, brick, pottery, 
heavy chemicals, fertilizers, 
explosives, dyes, soap, com  
products, industrial alcohol, 
distilled wood products, elec
trochemical products, drugs, sugar, salt, petroleum products, 
cottonseed oil; paper, rubber, and gas— all involve a larger or 
smaller proportion of continuous work. They represent every  
stage of shift practice from industries wholly on twelve-hour 
shifts—in some cases even w ith day workers on twelve hours—  
to industries that are wholly on eight-hour shifts.

I n d u s t r i e s  o n  T w o  a n d  T h r e e  S h i f t s

Among the chemical industries that are practically w ithout 
exception on twelve-hour shifts are the acid plants in fertilizer 
works, the cottonseed crushing industry, and the refining of 
Louisiana cane sugar. On the other hand, the refining of pe
troleum and continuous-process work in the rubber industry 
seem to  be universally on three shifts. The manufacture of 
heavy chemicals is in m ost cases on three shifts; the twelve- 
hour shift in the manufacture of gas has practically disappeared. 
In many parts of the country the burning of brick is altogether 
on twelve-hour shifts, but elsewhere, particularly in Illinois, 
three eight-hour shifts have been introduced w ith great success. 
A somewhat similar situation prevails with respect to burning 
pottery and terra cotta. In m ost parts of the country the burn
ing of lime is wholly or almost wholly on two shifts, but near 
Philadelphia some exceptional results have been obtained with 
three shifts. Likewise, beet sugar is generally refined on two 
shifts, but one important company has made an outstanding suc
cess of three shifts. The m ost important com pany refining im 
ported sugar, w ith plants in many seaport cities, is successfully 
operating on three shifts. The cement industry is divided between 
two-shift and three-shift operation. The twelve-hour plants are 
still in a majority, but an important portion of the industry, in
cluding two of the largest companies as well as m any of the smaller 
companies, is on three shifts. A few cem ent plants are on a mixed

1 R eceived N ovem ber 1, 1922.
* M em ber of the staff,
1 Investigation  carried on under the auspices of the  C ab o t F und  and  of 

th e  Federated  Am erican Engineering Societies.

system  of part two shifts, 
part three shifts. The man
ufacture of table salt would 
seem to be m ostly, but it  is 
not altogether, on three 
shifts. Paper was one of 
the earlier industries to m ove 
toward three shifts, or 
"tours,” as they  are called; 
but there are still a consider
able number of paper mills on 
two tours, especially in the 
manufacture of certain types 
of paper, as tissue paper, and 
in certain localities which lie 
apart from the larger paper 
manufacturing districts.

The manufacture of plate 
glass and window glass is 
mainly on three shifts, though  
w ith exceptions in the case 
of a few plants or a few oc- 
c u p a t i o n s .  Twelve-hour 

shifts are worked to a limited extent in other branches of the 
glass industry, m ainly about the furnaces. The main plants m an
ufacturing industrial alcohol are on three shifts, but there is a  
considerable am ount of twelve-hour work in plants engaged in 
wood distillation. The largest company manufacturing corn 
products is on three shifts. The largest manufacturer of ex
plosives and allied chemicals has m ost of its shift work on three 
shifts; in this industry, however, the volum e of sh ift work is 
small. The manufacture of dyes and soap requires little  contin
uous work. In some cases this is on twelve-hour shifts, but 
the volume of such work am ounts to very little in the aggregate. 
The eleetrochcmical industry is on three shifts in the North, but 
in the South on two shifts.

E f f e c t  o n  P l a n t s  o f  C h a n g e  t o  T h r e e -S h i f t  O p e r a t i o n

In view of the great variety of the chemical industries, the  
diversity of their processes and equipment, and the diversity in 
their practice regarding two-shift and three-shift operation, it  is 
difficult to draw conclusions which will be generally applicable 
regarding the policies that have been pursued in the m atter 
of shifts or the results that have followed; nor is it  possible 
within the lim its of an article to  give a full account of the situa
tion which has developed in each industry taken by itself. The  
general statem ent m ay be made, however, that whereas a few  
years ago three eight-hour shifts wrere unknown in m ost of the 
industries mentioned, a t present three shifts have displaced two  
shifts in some plants in all of the chemical industries, w ith the 
exception of two or three. W ith but very few exceptions, 
plants wrhich have once gone to three shifts have remained on that 
system , or at least have not returned to  twelve-hour shifts. This 
was shown very clearly during the depression which began in 
1920-21. A t that tim e m any plants which had put their day  
workers on eight hours during the war w ent back to  nine or ten  
hours, but the plants which had gone from tw o to  three shifts 
during the war did not, except in rare instances, go back to  
two shifts. This was so although in m ost of the continuous

I n s t i t u t e  o f  E c o n o m i c s , W a s h i n g t o n , D .  C .

During the past two years the writer has been engaged in an in
vestigation of the labor shift systems employed in the various con
tinuous industries . 3 Everyone has heard of the twelve-hour day in 
the steel industry; but it has not been generally realized that this 
same problem is to be found to a greater or less degree in m any other 
lines. There arc about forty important American industries 
which at some stage of their work, require the services of men for  
twenty-four hours a day. In  these industries it is usually incon
venient, i f  not impossible, to employ labor on the fam iliar ten-hour 
or nine-hour day basis. The practical choice lies between having two 
groups of men work twelve hours each or three groups of men work 
eight hours each. U ntil about a decade ago, not only the steel 
industry, but most of the other continuous industries, were on twelve- 
hour shifts. More recently there has been a widespread tendency 
toward three shifts. To-day there are few  continuous industries 
where some plants do not operate on three shifts; but, on the other 
hand, there are few  in which there arc not some plants still on two 
shifts. The purpose of this article is to sketch the general situation  
with respect to shifts, particularly in the chemical industries, and  
to discuss the results which have followed where plants have changed 
from  two to three shifts.
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industries the three-shift plants were competing w ith plants 
which had remained on two shifts.

One reason why plants have been able to  go from tw o shifts to  
th iee  shifts and remain on that system  in com petition w ith other 
plants which have not made the change is that the labor cost for 
shift work is usually not a decisive factor. T he shift workers are 
usually in a minority, sometimes very much in a minority. W hen  
allowance is made for these facts: first, that labor cost is only a 
part of total cost; second, that shift labor is only a part of 
total labor; third, that the em ploym ent of an extra shift in
volves an enlarged payroll only to  the extent that hourly wage 
rates are increased or new salaried men taken on; and fourth, 
that such expense is offset to the extent that it  is possible to in
crease efficiency— in short, when the threatened increase in cost 
is carefully sifted, it is invariably found that the percentage of 
increased cost necessitated by three-shift operation is much 
smaller than it would at first thought appear. Hence, the  
greater cost of three-shift operation is smaller than the differ
ences in cost between plants because of differences in location, 
equipment, management, etc. M uch or all of it  m ay be recover
able through increased efficiency or better spirit. In  any  
case, the issue of continuing or abolishing twelve-hour work be
comes one which a management can afford to  settle on the basis 
of its own feeling on the matter, the sentim ent of the men, and 
the attitude toward twelve-hour work assumed by the general 
public.

A t t it u d e  o f  L a b o r

There can be no question but that labor as a whole is better  
satisfied on eight-hour than on twelve-hour shifts. There can 
be no better test of this than the statistics of labor turnover and 
those of absenteeism. One thing on which the evidence is prac
tically unanimous is the fact that the three-shift system  has 
in practically all cases reduced labor turnover and absenteeism, 
usually to a striking degree. This is so even although the men 
m ay earn considerably less per week on eight hours than on twelve  
hours. The general spirit of the men as evidenced by willing
ness to  cooperate with the m anagement is also better on eight- 
hour shifts.

N o t all the men welcome the reduction in weekly earnings 
which ordinarily accompanies a reduction in hours from twelve  
to eight. N o t always are they anxious to work a little  harder 
for eight than for twelve hours so as to  avoid a reduction in 
earnings. Sometimes managers have striven for years to in
duce their men to go to three shifts on the basis of the first or 
the second of these adjustments. This applies especially to the 
older men and to that element of the foreign born who have not 
yet become Americanized. B ut the seriousness of this resis
tance has been greatly exaggerated. Usually it lasts only until 
the men have adjusted them selves in mind and habits to the  
new system . The men who object to  three shifts, after a brief 
experience w ith it, alm ost always prefer it and would not want 
to  return to two shifts. The few exceptions to  this rule are usu
ally  unimportant. Among American workmen there is often a 
passion for eight-hour as contrasted w ith twelve-hour shifts. 
On the whole, if the initial disinclination of the workmen to  
change of any sort is tactfu lly dealt with, and the change is 
m ade in a spirit of fairness and m utual accommodation, it  will 
be found that the w eight of opinion among the men is overwhelm
ingly in favor of three shifts.

P r o b l e m  o f  W a g e  A d j u s t m e n t s

In the m atter of increases in wage rates in going to  three 
shifts there has been great diversity in practice. Sometimes as 
much is paid for eight hours’ work as for tw elve hours’ work—  
that is, the hourly wage rates are advanced fifty per cent. Some
tim es no change is made in hourly wage rates— that is, the men 
receive one-third less weekly pay. The policy which has been 
followed in this m atter has been influenced a great deal by the

general tendencies in respect to  wages and em ploym ent at the  
tim e the change from two to three shifts is made. W hen wages 
were going up rapidly, as during the war, it  was not uncommon 
for companies to pay men almost as much for eight as for twelve  
hours’ work. B ut this should be considered as being in lieu of 
an actual increase in weekly wages which would otherwise have 
occurred. During periods of widespread depression and unem
ployment, hourly wages have often been kept about stationary, 
the decrease in hours taking the place of a laying off of a greater 
or smaller proportion of the force. Usually there is some increase 
in hourly wages on changing from two to three shifts, but not 
enough to make the daily earnings as great for eight as for twelve 
hours’ work. A plan by which the cost of shortening the day is 
divided between employer and employee is usually acceptable 
to  both parties.

From the fact that there is no uniformity regarding adjust
m ents in wage rates, it is obvious that there can be no uniformity 
in the m atter of increase or decrease in costs in going to  three 
shifts. If the men receive no higher hourly wage rates than 
before, there is obviously no occasion for increase in labor cost 
even if fifty per cent more shift men should be employed. If 
hourly wage rates are advanced, there need be no increased ■ 
cost if the efficiency of the plant can be increased in an equal 
measure by a reduction in the number of men required at any  
one time, by an increase in output, or by savings in materials or 
in the cost of maintaining equipment. In m ost continuous in
dustries it is not an easy m atter to  increase efficiency to such an 
extent as to  make up for any considerable increase in hourly 
wage rates. Hence, many plants that have made substantial 
increases in wage rates in going to  three shifts have found that 
their labor costs have risen. In fact, this is usually the case. 
Nearly always, however, such plants have indirectly received some 
benefit through lessened labor turnover and a more satisfied feeling 
on the part of the men, including a willingness to work under con
ditions arid at times (as for instance during hot weather) under 
which they would have refused to work had they continued on 
twelve-hour shifts.

E x a m p l e s  o f  P o s it iv e  G a in  f r o m  T h r e e -S h i f t  S y s t e m

It is an interesting and encouraging fact, however, that in many 
of the continuous industries, including the chemical industries, 
there have been instances of plants which have made a positive 
success of going to  three shifts, not only neutralizing their 
losses but realizing tangible gains. This has been notably 
true of certain plants in the cem ent industry, the lime industry, 
the brick industry, the refining of beet sugar, the refining of 
imported cane sugar, the manufacture of sulfuric acid, and the 
manufacture of paper. Excellent results, though not marking 
quite so definite a gain, have been obtained in the manufacture 
of terra cotta, in processes preliminary to the manufacture of 
soap, and in the electrochemical industries. Satisfactory 
results have also been reported for the various branches of the 
glass industry, for petroleum refining, and for miscellaneous 
chemical industries.

The School of Chemical Engineering Practice of the M assa
chusetts Institute of Technology has this year an enrollment of 
65 men, representing the following educational institutions:

Arm our In s titu te  oi Technology 
B ates College
California In s titu te  of Technology 
Case School of Applied Science 
Cornell U niversity 
H arvard  U niversity 
Im perial College of Science and 

Technology (England)
Ind iana  U niversity 
Iow a S ta te  U niversity 
M assachusetts In s titu te  of T ech

nology 
M iddlebury College 
N ortheastern  College 
Oberlin College 
P rinceton U niversity 
P ritc h e tt College

R hode Island S ta te  College 
R ichm ond College 
Stanford  U niversity 
T u lane U niversity  of Louisiana 
U niversity  of Chicago 
U niversity  of D etro it 
U niversity  of M innesota 
U niversity  of N o rth  D akota  
U niversity  of Pennsylvania 
U niversity  of Rochester 
U niversity  of W isconsin 
W ashington U niversity 
W esleyan U niversity 
W estern Reserve U niversity 
W illiams College 
Yale U niversity
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Trend of Modern Fertilizer P lant Construction1
By P eter S. Gilchrist

C h a r l o t t e , N .  C .

A M O D E R N  f a c 
tory should m eet 
the following prin

cipal requirements:
1 —Be a s u b s t a n t i a l  

structure and of such m ate
rials and construction as to  
entail the minimum upkeep 
and obtain the lowest rate of 
insurance.

2 —Be so designed that the minimum am ount of labor shall 
be required for operation, and that the fertilizers are produced 
in the best chemical and m echanical conditions.

3—H ave printing press for bags.
4— H ave ample trackage.
5—M ake provision for condensing noxious vapors.
6 —Locate office and bag shed convenient to factory.
7— Provide ample fire protection.
8 — Be equipped with mechanical labor-saving devices when  

they can show a definite return upon the investm ent after de
ducting wear, tear, and depreciation.

9—Be so designed th a t the materials are handled as little as 
possible, and the manufacture m ay be as nearly continuous as 
practicable.

1 0 —The grinding material should be carefully selected so that  
the rock is of correct fineness to obtain the best mechanical 
reactions with sulfuric acid, thereby producing a high available  
w ith low  insoluble and with a  negligible percentage of free acid.

1 1 —Acid phosphate, when cured, should be of the lowest 
moisture content and in good mechanical condition.

1 2 —Sufficient equipment should be installed so th at all ferti
lizer materials are ground to sufficient fineness before m anipulat
ing, and the m anipulating should take place considerably in ad
vance of the shipping, as the fertilizer should be shipped as dry 
as possible so that it will be in good mechanical condition for 
drilling. Furthermore, it  should be of sufficient dryness so that 
the weights will be accurate.

13—Provisions for filling and weighing the bags and moving  
them  to the cars w ith the least possible delay in handling.

L o c a t io n  o f  P l a n t

Care should be taken to get the local advantages of the site  
with relation to  wharf, railroad connections, and contour, as 
well as the receiving of the various raw materials and shipping 
of the finished fertilizer.

B u il d in g s

The buildings should be of concrete base w ith steel frame and  
hollow tile walls w ith noncombustible roof of tile, cem ent, or 
gypsum , the idea being to make the structure as near fireproof as 
possible, and to  reduce the upkeep and repairs to  the minimum.

L ight and ventilation are now considered absolutely essen
tial to  economical operation, as it m eans less waste of ma
terials, and labor gives a higher efficiency when operating in a 
well-lighted and ventilated building.

The loading platform should be housed in, w ith continuous 
sliding doors for protection from the rain and severe cold weather. 
The floors for this platform and for the main buildings should 
be of hard-surfaced concrete.

1 Presen ted  before the  D ivision of F ertilizer C hem istry  a t  th e  64 th  
M eeting  of th e  A m erican Chem ical Society, P ittsb u rg h , P a .t Septem ber 4 
to  8, 1922,

R o c k  S t o r a g e  

There should be one or tw o  
concrete or steel silos of am 
ple capacity, located conven
iently so that cars can dis
charge the phosphate rock  
into silo elevator, or be un
loaded from cars by auto
m atic shovel into elevator, 
as the case m ay be. If rock is  

coarse a crusher is used through which the rock passes on its way  
to the elevator, so th at the greater part of the rock can run from 
the silos directly into the grinding mill, arrangem ents being m ade 
so that the balance of the rock in the silos can be transferred 
mechanically to the mills.

G r in d i n g  a n d  A c id u l a t in g

M any different mills are used for grinding the rock, the typ e  
being determined by capacity, repairs, and depreciation and 
power consumed. Som e m ills give a finished product, bu t 
it  is generally advantageous to use air separators through which  
the partially ground rock is passed, or to maintain a strong suc
tion on the mill and pass the air and finely ground rock through 
air separators. Considerable difference exists as to  how fine the  
rock should be ground. M any superintendents look upon  
capacity as the goal, and are content w ith 96 per cent through  
60 mesh in place of thinking in units of available P 20 5 in the acid 
phosphate. M odem  plants require a 98 per cent product 
through 80 mesh as a  minimum, while some aim  for 96 per cent 
through 1 0 0  mesh.

Fine grinding enables a minimum am ount of sulfuric acid to be  
used, the reaction is quicker and more intense, w ith the result 
th a t the greater heat dries off more of the moisture, all of which 
tends to  dryer acid phosphate and low insoluble.

Acid phosphate dens are of various designs, the great essen
tials being solidity, ease of discharging, and a product as dry a s  
possible and in a fine mechanical condition. H and labor in 
dens is very objectionable and difficult to handle, apart from the  
cost of same. There have been developed other devices for dis
charging the dens—an electric shovel is used in some instances 
where a clam-shell or orange-peel bucket operated by an over
head crane is used. M echanical discharging dens are used, 
such as the Svenska and the Forbis. Several of each are ini 
operation in this country.

The mechanical discharging den is receiving the m ost considera
tion to-day. The grab-bucket operation, while giving a  large  
tonnage, does not have the acid phosphate in as good m echanical 
condition as it  m ight be, and the compression the phosphate  
receives is apt to be detrimental to  the P2Os solubility. In  m e
chanical discharging dens it  is m ost im portant that as little  ma
chinery be used as possible, for the free phosphoric acid and th e  
corrosive action of the gases act rapidly on iron, and th is natu
rally entails a heavy upkeep.

The Forbis den, in the writer’s opinion, conies nearer giving 
an ideal equipment. I t  consists of a  circular concrete den, 
hollow in the center, operated on a single circular track, m aking  
a complete revolution in about 1 2  hrs. and requiring not over 
3 h. p. to revolve it  when loaded. Above the den is a solid! 
stationary platform w ith a cover for the den suspended from it.

On the platform is the mixer w ith weighing hopper and acid  
boots, the excavator for the acid phosphate, th e  fume pipe.

There is a great tendency to get away from  the time-honored 
fertilizer buildings, brought about by the difficulty of getting suffi
cient labor fo r  short seasons, high-Wage schedule, and heavy insurance, 
and the fact that manufacturers are beginning to realize that they w ill 
have to operate on a closer margin of profit. In  this paper We haoe 
pointed out the requirements fo r construction of a  modern fertilizer 
plant, together with a description of present practice in m anipula
tion of equipment and handling of materials.
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etc. The measuring and weighing devices for the raw m ate
rials are such as to  get very accurate results, this being a very 
im portant part of the manufacture. The mixing of the acid 
phosphate and excavating the acid phosphate go on simul
taneously. The acid phosphate remains in the den 24 hrs. be
fore it  reaches the excavator. Since the construction of the 
den is such that it  is not opened up, the phosphate retains the  
heat until it  is cut. The cuts are about Vs in. thick when the  
steam  is liberated and drawn off by an exhauster.

The thin layer of phosphate, as it  is cut, falls onto angle-iron 
trays where it  is discharged to any convenient point, its condition 
resembling sand. The excavator is simply a two-strand ele
vator w ith links capable of withstanding the free phosphoric 
acid present, with angle-iron trays in place of buckets.

The capacity of the den is from 100 to  150 tons per day, but 
if operating continuously it  is approximately 400 tons per 24 
hrs. The den only revolves while the mixing is being done; 
when completed the den is stopped.

The finished product as it  leaves the den is very light and con
tains usually about 1 1  per cent moisture, with about 1  to l 1/* 
per cent insoluble P 2Os, which in a short tim e rapidly reduces. 
It  is equivalent to acid phosphate made three to  four weeks by  
the other methods. There is only one man operating it—namely, 
the mixer—and either a crane man or car man to  take it to  
storage from the den.

H a n d l in g  A c id  P h o s p h a t e

This is done m ost economically by the electrically operated 
grab-bucket crane of from 2- or 4-cu. yd. capacity. One crane man 
at one of the factories handles 6000 tons per 1 0  hrs. with a 2 V 2-CU. 
yd. bucket. N o  hand labor or any other mechanical device has 
been able to come anywhere near this when labor and equipment 
upkeep are taken into consideration, as it  not only handles the  
material but digs it at the same time.

M a n ip u l a t io n  o f  C o m p l e t e  F e r t i l i z e r

Accurate weighing is absolutely essential to success. The in
accurate weighing of ingredients w ith consequent overages is 
one of the chief sources of loss to manufacturers.

Usually, a series of hoppers is elevated so as to adm it of a 
wide belt being installed to carry the materials to the manipulating 
or bagging machines, as the materials aré discharged from the  
scale hoppers and located underneath the storage hopper.

T he crane or other mechanical device puts the various in
gredients into the hoppers, which have close cut-off gates. The  
scales have large dials so that the operator sees the weight all 
the time the material is on the scale and can shut off instantly  
when the desired weight is attained. The scale hoppers are 
discharged a t a given signal, and refilled for the n ext batch. 
The hopper system  calls for fewer men than are generally needed. 
The manipulated goods are taken by the crane to  storage and 
are finally passed through bagging machines.

T he manipulating and bagging machines are of various types. 
T he vibrating screens are receiving much attention. Good 
work has been done w ith the hexagonal revolving screens with 
suitable tapping devices. Rapid operation is necessary to get 
tonnage; hence, a batch mixer has to be used th at will fill, 
mix, and em pty in a very short time. Autom atic weighing 
machines are being extensively used, and little  difficulty is ex
perienced when the goods are dry.

Instead of weighing the bags on the ground floor, this is 
being done on an elevated platform, w ith an endless slat conveyor 
located so that as the weigher drops the bag it  falls onto the slat 
conveyor where the bag sewer gets it. T he bag travels till it 
is discharged at the end, down a chute, where the chute m an di
rects it onto a truck—three 200-lb. bags or five 135-lb. or six 100- 
lb. bags being dropped onto a hand truck. The truck man has

no difficulty in handling 600 lbs. to a load on a good floor, and dis
charging it in the car stacked, obviating stackers unless the car 
is to  be heavily loaded. This method gives a clean bag w ith ac

cu r a te  weight. T est bags should be taken a t intervals to see 
that the weight is correct.

The complete fertilizers are delivered to a hopper in front of 
the bagging machine, requiring one m an a t the elevator, one on 
the machine, one weigher, two sewers, one chute man, two or 
three tuckers, one tag boy, and, if stackers are used, two additional 
men. These easily do 200 to 225 tons per 10 hrs.

A modern factory can put out fertilizer in good mechanical 
condition without harm to the bags, m aintaining a uniform out
put w ith a very small labor charge; the overhead expenses are 
not excessive and the upkeep of a well-designed and well-built 
factory is loiv, enabling the manufacturer to produce his goods at  
the lowest possible cost and make a profit when others fail to 
do so.

In days of close competition the old-type factories are a t a 
great advantage as compared with the m odem  factory.

Hotel Accommodations for tlie Spring 
Meeting of the A. C. S.

I t  is v e iy  apparent that the coming spring meeting of our 
S o c i e t y  will be very , largely attended, and it is recommended 
that all who desire hotel accommodations make their reserva
tions as early as possible— at least thirty days in advance of the  
meeting. The hotel headquarters will be a t the H otel Taft, 
and the management of this hostelry advises that reservations 
for this hotel be made, if possible, ninety days in advance. In  
case there is an overflow which cannot be provided for w ith ac
commodations in N ew  H aven, arrangements have been made 
whereby guests may obtain suitable reservations in hotels of 
neighboring cities— namely, H otel Stratfield in Bridgeport, 
Conn., H otel W inthrop in Meriden, Conn., and H otel E lton in 
Waterbury, Conn.

The com mittee on hotels and transportation have canvassed  
very carefully the hotel and apartm ent house situation and de
sire to announce the following list of hotels, arranging them as 
nearly as possible in the order of convenient location.

N e w  H a v e n  H o t e l s

R a t e s

Single Room  D ouble Room
S3 to  $3 .50  So to  SO
$2 .50  up S5 to  $6
S2 to  S3 S'l to  SO

S3 $5
S I . 50 to  S3 S3 to  $5
$2 (flat ra te  and  for m en only) 
S I . 50 (men only) $2 to  S3

O u t s i d e  H o t e l s

C a p a c i t y  R a t b s

Single Room  Double Room 
. .  100 S3.50 So to  SO

50 S2 to  S3 
. .  100 $2 .50  up  So to  $8

The H otel T aft offers a special arrangement on the American 
plan:

Double room, b a th , meals (3) S13.00 per day  
Double room, b a th , meals (2) SI 1.00 per day

I t  is too early for the com m ittee to  make any announcement 
regarding possible accommodations in university dormitories. 
I t  can be stated, however, that the Yale dining hall will be in 
operation during the week of the convention. The members 
of the hotel com mittee will be glad to assist in every way possible 
in the making of early reservations.

H o t e l  a n d  T r a n s p o r t a t io n  C o m m it t e e

D r .  R a l p h  W . L a n g l e y ,  Chairman, 84 M cK inley Ave.,
N ew  Haven, Conn. _

P r o f .  H . W . F o o t e ,  Sterling Chemistry Laboratory,
New  Haven, Conn. _

D r .  E. M u n r o e  B a i l e y ,  621 Elm  St., N ew  H aven, Conn.

C a p a c i t y

T a f t ................................................. 400
G ard e .............................................  100
D u n can .......................................... 100
B ishop ................    50
S t r a n d ...........................................  40
L iberty  B a th s .    ........................... 150
R oyal ...........................................  75

Stratfield , Bridgeport 
W inthrop, M eriden .., 
E lton , W a te rb u ry ..
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A M E R IC A N  C O N T E M P O R A R IE S

Harvey W ashington W iley

TH E R E  is a large fraternity, unorganized and unofficered, of 
"M en W ho W orked under Dr. W iley.” W hen chance 

brings two or three of them together, some one invariably asks, 
"W hat do you hear of the old man?” and someone always re
marks, "Isn’t  he a wonder?”

Certain characteristics stand out as the  
basis of this loyalty. F irst of all, every
thing about Dr. W iley is big— his body, his 
mind, his policies, and his philosophy of life.
He never "passes the buck,” but assumes 
full responsibility for the work of his as
sistants. Once, when directed by the 
President to discharge a subordinate, he 
replied, "He was acting under m y general 
directions. If his action was at fault I am 
responsible.”

Dr. W iley has always radiated vitality .
H e has never crystallized in opinions or 
habits. A t seventy-eight he directs his 
farm, m ite s  magazine articles, gives exten
sive courses of lectures, and devotes more 
time than the average father to  his two  
small boys. H e also takes an active part 
in m ovements that relate to public welfare, 
especially public health. A walk to and 

* from his office—a total distance of four 
"miles— is his minimum daily exercise. H is interest in athletics 
has not abated and he takes especially keen pleasure in matters 
pertaining to  baseball and football. H e has always been known 
for his great physical and m ental vigor, quick w it, and ready 
anecdotes. As a lecturer he has few equals. H e humors his 
audience, recognizes its different elements, wins its attention, 
and, finally, does w ith that audience anything he desires.

H is associates in the Bureau of Chemistry used to marvel at 
his concentration. H is mind focused like a lens on each suc
cessive undertaking. H e thought rapidly, formed his opinion, 
and then dismissed the subject from his mind. After a day of 
the m ost intensive work, even in the m idst of his greatest con
troversies, he always closed the office door on the problem, and 
when he reached the street was discussing other matters. Work, 
worry, excitem ent, or controversy have never interfered w ith his 
sleep.

Incessant work and tireless application mark every period of 
Dr. W iley’s life. As a child he worked on his father’s farm in 
Indiana. During his college life he cooked for himself the food 
that he brought from his father’s farm, and burned wood that 
he himself had cut. As a medical student he supported himself 
by teaching Latin and Greek—his fondness for the classics has 
in no wise diminished.

W hile a student in Berlin he became acquainted w ith the 
polariscope, an instrument then unknown in this country. 
This was the real starting point of the activities that won for 
Dr. W iley the newspaper title of "Father of the Pure Food Law.” 
Returning to  Purdue, he persuaded the university to  purchase 
a polariscope and secured an appropriation of fifty dollars from 
the State Board of H ealth to defray the cost of samples of sugar, 
sirup, and honey.

In 1883, when he was thirty-eight years of age, Dr. W iley was 
appointed chief chem ist of the United States Departm ent of 
Agriculture— a position which he held for nearly thirty years.

Under his direction substantial contribution was made to agri
cultural chemistry, especially to  the chem istry of cereals and  
soils. H e was a  potent factor in the developm ent of the beet- 
sugar industry and introduced chemical control into the cane- 
sugar industry—resulting in extensive and fundamental changes 
therein. H is office early became the headquarters of the Asso

ciation of Official Agricultural Chemists. 
Shortly after he became chief of the Bureau, 
Dr. W iley was made secretary of that  
association, and remained secretary and 
editor of its proceedings throughout his 
official life, and since then has been its. 
honorary president.

B u t it  is because of his work in connec
tion w ith the control of the m anufacture 
of foods that Dr. W iley is best known. 
In addition to epoch-making contributions 
to  the laboratory phases of the question, h e  
early took the lead in the nation-wide m ove
m ent for legislation to  control the purity o f  
foods sold on the market. Undoubtedly, 
his own personality was a great factor in  
creating the public interest that led in 1905 
to the adoption of the Pure Food Law o f
which he was the author. H e is always
convincing, arresting, and at tim es spectac
ular. H e won national popularity through  
the sam e buoyant friendliness that m ade  

it  necessary for him som ewhat earlier in life to  answer to  charges 
that he had so far violated professorial dignity as to ride a bicycle  
and play ball with the boys. H e pays scant attention to prece
dent and convention, and does not hesitate to  establish prece
dents when occasion demands.

In the conduct of the affairs of the Bureau of Chemistry, 
however, he insisted upon the strictest possible compliance  
with every law and every regulation. Under no circum stances 
would he permit evasion or circum vention of the Civil Service  
law or regulations. In the purchase of supplies he insisted on
strict obedience to the laws governing such transactions and to
the interpretation of the comptroller. On one occasion, w h en  
it  was pointed out to  him  that his attitude was neither in his. 
personal interest nor that of the Bureau of Chemistry— that it  
did not make for efficiency or econom y— he replied, "T hat is 
the law. Som e day there will probably be an investigation o f  
this bureau, and our affairs will be found in order.”

Sterling integrity of mind and purpose, rugged straightfor
wardness, and imperturbable good humor characterize all his. 
actions and make the nam e of H arvey W . W iley a  household  
word that links science w ith hum anity.

W. D. B i c e l o w

Indigo Investigations
Indigo is one of the m ost im portant dyes manufactured in the  

United States. T he process a t present in use in this country 
has been not altogether satisfactory, and an investigation has 
been undertaken by the Bureau of Chemistry with a view  of 
substituting an alternative m ethod for the preparation of this, 
dye. A survey of the entire process has been made, and the re
su lts obtained indicate that indigo of good quality can be obtained  
a t a som ewhat lower price than is possible by the m ethod now  
in vogue.

A new dye similar in dyeing properties to  indigo has been  
made from cymene; a waste product obtained in the preparation. 
of paper pulp from certain resinous wood.

I I a r v e y  W .  W il b y
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Louis Pasteur—His Contribution to  Science
By I. K. Russell 

1133 F u u .K k t o n  A vb., C h i c a g o , I [.l .

ONE OF THE remarkable facts about the life of Louis 
Pasteur is that the 100th anniversary of the date of his 
birth finds him more alive in the hearts of hum anity  

than he was at any time during his unusual thrust into the events 
of modern life.

The French government drew perhaps as strong a reaction 
from peasants and artisans as it did from the world's foremost 
scientists to  its proposal to celebrate the 1 0 0 th anniversary of 
Pasteur’s birth on December 27, 1922. The scientific world 
can claim Pasteur the scientist, for its own, but Pasteur 
the world hero, it must share w ith the cattle raisers of France, 
whose herds Pasteur saved through finding the nature of the 
anthrax plague; w ith the silkworm breeders, whose industry he  
saved by stopping a contagious disease among the silkworms; 
w ith brewers, to whom he explained the cause of bitter beer; 
w ith milk producers, whom he gave control of putrefactive  
bacteria and bacteria which too speedily soured the milk; and 
even  with bakers, for to the baking industry Pasteur introduced 
the modern science of baking w ith all that is accomplished 
through the complete control of fermentation and the leavening 
process.

Chemists the world over can take special pride in this 100th 
anniversary of the birth of Pasteur, for he seemed to  make his 
life a living personification of the spirit of research. Acute  
observations of things other men have seen since the beginning of 
tim e gave him the key to some of the m ost consequential facts of 
modern life.

For instance, he observed early in life that dough would turn 
sour in bread batch, while baked bread would not turn sour. H e  
asked himself the question of w hat happened in the oven to change 
the nature of the dough so that it  would no longer turn sour. H e  
worked with microscope and culture media to find out, and suc
ceeded in discovering the nature of yeasts. H e found they were 
liv ing  self-reproducing cells, and that in feeding upon the dough 
th ey  ultim ately were responsible both for fermentation and for 
th e  souring of the dough that resulted when they worked too  
long  within its midst.

Inconspicuous as he was— a laboratory research m an when he 
m ade this discovery— it brought the French governm ent to 
liim  w ith the problem that, perhaps, set him  upon the major 
trails of his long and useful life.

"If yeasts are separate' living organisms within dough that 
sour it ,” he argued, when the governm ent asked him w hat he 
could do w ith soured wine, of which the French fleet’s sailors were 
bitterly  complaining, “ perhaps w e can save the w ine by heating  
i t  until its yeasts are killed. Perhaps the same treatm ent given  
bread when baked will make it  possible for the French war fleets 
to  put to  sea with good wine, and still have good wine in what 
casks are unconsumed when the fleet returns.”

Pasteur was a devotee of applied science. H e found out at 
w hat temperature wine yeasts and acetic acid bacteria could be 
killed in wine, so that if it  was kept free from access of air it 
would remain permanently sweet. The French sailors then  
w ent to sea w ith a  cheer for their wine supply, and Pasteur ap
plied him self to other problems just as practical as this.

W e m ay alm ost say that modern medicine, in its power to  
control contagion, is a by-product of Pasteur’s experiments in 
the nature of fermentation. A t that tim e throughout the world 
of medicine it was believed that putrefactions and degeneration

of human tissue occurred spontaneously from elem ents w ithin the 
human body.

W hile he was working as a chem ist he happened by accident to  
see litters being carried into a building adjacent to  his laboratory. 
Later he saw coffins being carried out. Upon inquiry he found 
that the building was an annex to a m aternity hospital. I t  set 
him to thinking and he wished to try out the theory that was 
already beginning to form in his mind— that there were air-borne 
bacteria which leavened bread if they fell upon dough from the 
air and spoiled wine if they fell into it  from the air. H e w ent 
to  the hospital—and on the very first visit of his life to a hospital 
he qualified as the father of antiseptic medicine and the father of 
modern sanitation. He noticed the way the surgeons used their 
instruments and the nurses their bandages, made out of old, 
unsterilized sheets. H e took the instruments from a surgeon’s 
hands and passed them  through a flame. H e took the bandages 
from a reluctant nurse and baked them , as he had the wine and 
the dough in his previous experiments. The death rate was 
lowered alm ost immediately. Before this tim e those who 
entered the hospital expected to die; after this they expected to 
live.

Perhaps laboratory and clinic were never joined in a common 
cause out of which so much good for hum anity flowed as a t the 
clinical meeting at which Pasteur came from his laboratory to  
the Academy of M edicine and demonstrated to the world by 
means of sick hens suffering from splenic fever or antlirax, the  
tremendous importance of temperature in the control of bacterial"* 
growth. H e had noticed in a barnyard where the cows and the 
pigs died of splenic fever during an epidemic that the hens 
were immune. H e experimented and found he could give 
anthrax to  all farm animals but the poultry.

H e found that the bacteria-producing anthrax would not live  
in the blood of a hen, which is four degrees warmer than the blood 
of mammals. W ith one of those brilliant inspirations which 
come to born scientists, Pasteur conceived the idea that if he 
could reduce a hen’s temperature through chilling her, until her 
blood was at the temperature normal for mammals, her immunity 
to anthrax infection would disappear.

H e promised the Academy of M edicine that he would bring 
its members some dead and dying hens in whose bodies he would 
ask them  to find, through clinical operation, samples of anthrax 
germs. Since he had just been insisting that such a thing was 
impossible, both the Academ y of Science and the Academ y of 
M edicine sent its ablest representatives to  the test. Pasteur 
kept his promise and appeared at the Academy of M edicine 
w ith the hens. H e threw a dead hen down before the master 
physicians, and stated that it had died twenty-nine hours after 
inoculation. H e told of keeping the hen in an ice bath for some 
tim e previous to inoculation.

"All,” said som e of the Academicians, “ death might have re
sulted from the chill.”

“Then” said Pasteur, as Vallery-Radot, his biographer, records 
the great meeting, “I will show you this gray hen. She was in 
the bath as long as the other one which died, but she was not 
thereafter inoculated.” The gray hen was lively, happy, and 
normal.

Thus Pasteur has awakened the world to the importance of the 
infinitely small. H e was now on the track of finding important 
controls for this bacterial life, and in noticing the tremendous
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consequences of a  difference of four degrees he had struck a t  the  
heart of one of the m ost important m ethods of control even yet 
discovered.

There were still some flings at Pasteur, even as an accepted  
Academician. W ith great passion Pasteur turned upon his de
tractors in the Academy. H e cried out:
I  say it  with no sham modesty, I  have considered that m y only 
right to a seat in this place is that given m e by your great kind
ness, for I have no medical knowledge. I, therefore, consider 
that I must be more scrupulously exact than anyone else in the  
presentations which I have the honor to  make to  you. I  should 
promptly lose all credit if I brought you erroneous or merely 
doubtful facts. If ever I am mistaken— a thing which m ay hap
pen to the m ost scrupulous— it is because m y good faith has been 
greatly surprised. I have come among you w ith a program to  
follow which demands accuracy at every step. I can tell you m y  
program in two words. I have sought for tw enty years, and I am  
still seeking "spontaneous generation,” properly so called.

If God permit I shall seek for tw enty years and more the spon
taneous generation of transmissible diseases. In these difficult 
researches, while sternly depreciating frivolous contradictions, I 
only feel esteem  and gratitude towards those who m ay warn me 
if I should be in error.

Thus Pasteur laid down the platform of every research 
chemist, as he stood at the threshold of his career as a medical 
Academician.

T he hospital from now on claimed him  more than did his 
physiological laboratory. H e attacked the problem of bubonic 
plague; in the humble farmyards he found hens dead on 
their nests from chicken cholera. H e had a  heart for poor 
farmers, for his ancestors had been serfs. H e isolated the chicken 
cholera germ and observed "the prodigious faculty of m ulti
plication of microorganisms” when grown in a suitable culture  
medium. H e noticed that the sm allest drop of the infected 
culture medium on a crumb of bread caused the death of a hen. 
H e noticed that the bacteria grew in the hen’s intestinal canal 
and in the excreta spread infection to other hens. H e was 
now on the trail of the m ethod of the spread of typhoid, and yet

m any physicians had sneered at his ideas by declaring that "such 
mad gossip would one day lead to  the notion that even typhoid  
was a germ disease.”

Pasteur’s genius for observation now brought out into the light 
one of the m ost im portant of medical discoveries. I t  marks the 
passing of his interests from the laboratory to  the clinic, and 
marks the initiation of an entirely new field of medical technic.

Pasteur accidentally inoculated a  hen w ith  chicken cholera 
microbes that had stood in the laboratory for several weeks. 
H e saw her become ill and then recover. I t  was a new experience, 
and he im m ediately reinoculated the hen w ith  fresh virus. 
Fresh virus had never before failed to  kill a  hen, but this tim e  
it did fail. W hat could have attenuated the activ ity  of the m i
crobe?

Looking backward, w e can easily see th at here Pasteur first 
picked up the trail of discovering the nature of vaccine. Inocu
lation of the attenuated germs made it  impossible for the fresh- 
culture germs to  kill the vaccinated hens although all others speed
ily  died. In a spirit of incomparable enthusiasm  and happiness 
he set to work to  apply w hat he had found in a  farmyard to  the  
contagious ills of mankind.

M ankind has always feared death by a mad dog’s bite. In  
M exico overseers of brush cutters go into the brush and sim ulate 
the cry of a mad coyote to  make their workmen leap to  tasks that 
m ust be accomplished before they can quit th a t neighborhood. 
W hat a glad day for the world, then, was it  for fond parents to  
lead the victim  of a mad dog’s bite to  Pasteur and have him  
cured! T he method had already been discovered in the case of 
chicken cholera and had been applied in the case of a splenic  
fever plague.

For his work on carrying the theory on over into the case of 
rabies, Pasteur won him self a place as a world-wide hero. N o  
wonder H uxley declared in a  lecture a t the London R oyal So
ciety: "Pasteur’s discoveries alone suffice to  cover the war 
indem nity of five milliards paid by France to  Germany in 1870.”

Priestley Centennial, Northumberland, Pa., Ju ly  31 to 
A ugust 1, 1874

Among the m ost prized of the historical relics in the Chandler 
Chemical M useum  of Columbia University are seven photograph 
negatives (6 X 8  in.) taken by Prof. Louis H. Laudy, of Columbia 
College, a t the Priestley Centennial a t Northumberland, Pa., 
in 1874. These negatives, which are the earliest photographic 
reminiscences of any m eeting of American chemists, are the 
remainder and the more valuable of the original twelve plates 
described on page 465 of Vol. V of the Am erican Chemist 
(1874-1875). T hey comprise (1) a  large group of 70 attending  
chem ists and visitors (see opposite page), (2) a  small Columbia 
College group of 19 chem ists and visitors, (3) a photograph of 
two tables of chemical apparatus that belonged to Dr. Joseph 
Priestley, the discoverer of oxygen, (4) a photograph of a table 
of Priestley’s electrical apparatus, (5) a photograph of a table of 
miscellaneous apparatus (telescope, magic lantern, orrery, etc.) 
that belonged to  Priestley, (6 ) a photograph of manuscripts, 
books, and other Priestley relics, with the Stewart portrait of 
Priestley, (7) a smaller ( 5 X 6  in.) photograph of an old print 
showing the destruction of Priestley’s house and laboratory 
during the Birmingham riots of July 14, 1791.

The Chandler M useum  has arranged th at members and 
friends of the A m e r i c a n  C h e m i c a l  S o c i e t y  m ay obtain un
mounted m at prints from these interesting old but clear nega
tives a t a nominal cost of 35 cents apiece, including first-class 
postage and packing. The two group photographs m ake excel

lent enlargements for a  laboratory, office, or lecture room ; th ey  
can be obtained for the 14 X  17 in. size a t $1.50 a piece, including' 
postage and packing.

Of the chem ists and visitors in the large group, about 55 of 
the 70 have been identified. Among those identified are T . S. 
H unt, J. L. Smith, F. W . Clarke, C. F . Chandler (all of these  
former presidents of the A merican Chemical S ociety), E . N . 
Horsford, B . Silliman, Jr., H. C. Bolton, E . Waller, E . L. 
Youman, C. A. Joy, S. P. Sharpies, R . C. Kedzie, T. M . Drowne, 
P. W . Bedford, A. A. Breneman, W. H. Chandler, J. P . Rem ing
ton, and m any others. Owing to  the fact that all the attend
ing chem ists were not in the group and that several unknown 
visitors were included in the picture, the identification of all 
the faces has not been possible. I t  is hoped th at w ith the dis
tribution of the picture am ong American chem ists, other iden
tifications m ay be made. Of the Columbia group, 18 of the 19 
have been identified. A key to each of the group photographs 
ordered will be included along w ith the print.

Applications w ith rem ittances for the photographs should be 
addressed to T . L. Schultze, 297 Fulton St., Brooklyn, N . Y . 
In  ordering photographs, the number of the negative according 
to the foregoing list should be indicated. These negatives will 
be left in the hands of the photographer only until M arch 1 
next. Orders to be filled by him  m ust be received before that 
date. [C. A. B r o w n e  a n d  R a l p h  H . M c K e e . ]
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1— B .  S. H k d r ic k
2 — E .  N .  H o r s f o r d

3 — T .  S . H u n t

4— J . L . S m it h  
6— B . S il l im a n

6— H . Coppute
7— R e v . T .  R .  P y n c h o n

8— T h o s . L y o n

9 — C o n y e r s  B u t t o n

1 0 —
1 1 —
1 2 — W . M . I l e s
1 3 —
14— E .  J .  H a l l o c k

1 5 — W . H . S .  T h o r b u r n

16— J o h n  A. C h u r c h
17—
1 8 — S . S t . J o h n

1 9 — H . C . B o l t o n

2 0 — C . F .  C h a n d l e r

2 1 — E . W a l l e r

2 2 — A r t h u r  M ac y

2 3 — H . G. T o r r b y
2 4 — E . L - Y o u m a n s

2 5 — W . K .  K e d z ib

2 6 — C . A . J o y

2 7 — M . S .  T h o m p s o n

2 8 — S . P .  S h a r p l e s

2 9 —
3 0 —
3 1 — J . P r ie s t l e y

3 2 — S . H . D o u c l a s s
3 3 — J . M . M a is c h

3 4 — R . C . K e d z ib

3 5 — ;M . B . P r ie s t l e y

36— D a v id  T a g g a r t

37— F .  H o f f m a n
38—E. T . Cox
39— C . G. W h e e l e r
40—
41—
42—
4 3 — P . W . B e d f o r d

44— W . W . D a n i e l s
45— H . B . N a s o n
46— A . P .  S . S t e w a r t
47— T . G. W o r m lk y
48— F . W . C l a r k e  
40— A . A . B r b n e m a n
50— C . S .  A l l e n

51—
52—
5 3 — H . E n d e m a n

54—

55— P . F r a z e r , J r .
5 6 — A . H . G a l l a t in

5 7 — C . H .  C h a n d l e r

5 8 — T r a il l  G r e e n

59—
60 — W . H .  C h a n d l e r

61—
6 2 — J  P . R e m in g t o n

6 3 —
6 4 — E . W . H h .g a r d

65— A . R .  L e e d s

66—

6 7 — T .  M .  D r o w n s

68— P . H . V a n d e r - W e y d e
6 9 —
7 0 —
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S C IE N T IF IC  S O C IE T IE S

New Haven, Yale, and the A. C. S. Spring Meeting
(This m ateria l has been furnished by  the  New H aven Section and by th e  Yale S ecretary 's  Office)

When the A m e r i c a n  C h e m i c a l  S o c i e t y  m eets in N ew  H aven  
next April, its members will find not only the usual functions 
of such a meeting, but also m any things of interest to  see in the 
historic c ity  of N ew  H aven. A t th a t tim e Y ale University will 
open her beautiful buildings and grounds and all the famous 
collections of the university. The program will be arranged 
so that time and. leisure will be afforded the visitor for the en
joym ent of these things.

N ew  H aven was founded in 1638 by a com pany of English  
Puritans, who landed at Quinnipiack, the Indian nam e mean
ing "Long River P lace,” and laid out a settlem ent. Of the nine 
equal squares into which the settlem ent was divided, the central 
square remains in its original dimensions as the "Green.” Oc
cupied by three churchcs which preserve colonial architecture 
at its best, this open space in the heart of the business district 
adds a distinctive charm to the city..

Upon the accession of Charles II  to  the English throne, the 
lives of the judges who had condemned Charles I to  death were 
demanded. Three regicides, W halley, Goffe, and Dixwell, were 
harbored and protected by the Puritans of N ew  H aven, the cave

in which they  were hid
den on the sum m it of 
W est R ock being still 
k n  o w n  as "Judges 
C ave.” The event is 
also fixed in the tradi
tions of the city by the  
nam ing of three streets, 
which come together 
near the business center, 
for the three hunted  
judges.

During the Revolu
tionary War, owing to 
the stou t defense by the 
citizens of N ew  H aven  
and by Yale students, 
invading British troops 
were repelled and pre
vented from burning 
the city. I t  is related 
on this occasion that 
President D aggett of 
Yale College, who had 
b e e n  captured and 
forced to act as a  guide, 
was compelled by the  
British forces to offer 
prayer for the King. 
H e said "Oh, Lord, bless 
T hy servant, K i n g  
George, and grant him  
wisdom, for Thou know- 
est, Oh, Lord, he needs 
it .”

For m any years N ew  
H aven was a shipping 

E n t r a n c e  t o  H a r k n e s s  Q u a d r a n g l e  center, but after the

War of 1812 its activities became largely manufacturing. 
To-day it  possesses some eight hundred industries, employing 
over thirty thousand workmen. The products which come from  
its factories are varied, finished m etal products all the w ay from 
steam boilers to machine tools and insulated wire being repre
sented. The first rubber shoe factory th a t ever operated in the 
United States is located in N ew  H aven and has grown into a  large 
institution. The m ost extensive single industry is th at of 
firearms, ammunition, and hardware m ade by the W inchester 
Repeating Arms Company. T he population of N ew  H aven, 
including outlying suburbs and villages, is nearly 2 0 0 ,0 0 0 , this 
being the largest city  in the state  of Connecticut.

W o o l s b v  H a l l

The city derives to a  considerable extent its character and 
standing from the university which has for two centuries entered 
so intim ately into the life of N ew  H aven. A t the sam e tim e. 
Yale University is best understood in its relation to its  historical 
environment.

In 1701, a group of ministers each donated an armful of books 
and founded atSaybrook the "Collegiate School of Connecticut.” 
Fifteen years later the institution was m oved to N ew  H aven. 
In 1718, Elihu Yale, an English merchant who had spent his 
boyhood in N ew  Haven, m ade a liberal donation of m oney and 
books, and in recognition of this the name of Y ale College was 
given to the school.

In 1759, a dormitory bearing the name of Connecticut H all was 
added, up to that tim e all the college activities being centered in 
one building. Connecticut Hall, restored to its original form, 
still stands and is in  daily use. In this building N athan  Hale lived  
as a student, and just outside the room he once occupied stands a  
statue of the young patriot and martyr.

Y ale University, now well into the third century of its history, 
has an endowment of nearly $33,000,000. In addition to this 
there is a fund of $20,000,000, a bequest of the late John W . Ster
ling, a graduate of Y ale College. This fund is being used for 
memorial buildings, the founding of lectureships and scholar
ships, and for endowment of professorships. The great Ster
ling Chemistry Laboratory, now just com pleted at a cost of 
$2 ,0 0 0 ,0 0 0 , is the first building to  be erected from this fund. 
The Sterling Hall of M edicine is now being built.
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N e w  H a v e n  G r e e n

Notable in the equipment of Yale are the Artillery Armory, 
the Gymnasium, the Carnegie Swimming Pool, the extensive 
athletic fields, and the great Yale Bowl, where nearly eighty  
thousand people can be gathered to  w itness the traditional 
Yale-Harvard and Yale-Princeton football games.

Further equipment of Yale includes great laboratories for the  
sciences, engineering and medicine, a library of a million and a 
quarter books, a handsome auditorium and commons, buildings 

used by the art, music, forestry, and law  
schools, and a  large number of beauti
ful dormitories. Chief among these is 
the famous M emorial Quadrangle with  
its courts and its great tower. This is 
the gift of Mrs. Stephen V. Harkness, of 
N ew  York, and the work of James Gam
ble Rogers, architect. I t  is described 
by com petent critics as one of the finest 
examples of Gothic architecture in the  
world, and is the m ost beautiful group 
of college buildings in America.

Following the war period, thorough
going changes were made in the educa
tional organization of Yale University. 
The freshman classes of the college and 
the scientific school were joined into a 
common freshman class, in charge of a 
separate dean and faculty. The course 
of the scientific school was extended to  
four years. All graduate work was cen
tered in the graduate school. The de
velopm ent of graduate instruction has 
been especially noteworthy, and it  is par
ticularly gratifying to those interested in 
chemistry to  note the prominent place 
which this science plays in the gradu
ate school. The enrollment of graduate 
students in chemistry, physiological chem

S t a t u e  o p  
N a t h a n  H a l e

istry, and metallurgy is over eighty, or tw enty per cent of the 
total enrollment in the Graduate School. This is in addition to  
a number of research fellows and associates w ith doctorate 
degrees.

The spring meeting of the A m e r i c a n  C h e m i c a l  S o c i e t y  is the 
week of April 2 to 7. This is just a t the close of the Easter  
recess a t Yale, and the visitor will have an opportunity of seeing 
the university in full running order. The public meetings wilt 
be held in W oolsey Hall, which has a seating capacity of 3000; 
the Yale Commons, seating 2500, will be used for entertain
ment; and the Section meetings will be in the lecture rooms 
of the Sterling Chemistry Laboratory and those of nearby 
laboratories. All the buildings and collections of Y ale will be 
open to  visitors. Special guide service will be provided under 
the direction of the Yale chapter of Alpha Chi Sigma.

The people of N ew  Haven, the N ew  H aven and Connecticut 
Valley Sections of the A m e r i c a n  C h e m i c a l  S o c i e t y ,  and Y ale  
University, all are making extensive plans for carrying on the 
spring meeting in such a way th a t all who attend will enjoy  
every minute of the time they spend at the meeting and take 
away pleasant memories of New H aven and Yale.

W . T . R e a d ,  Chairman, 
Publicity Committee

N e w  H a v e n , C o n n .

Calendar of Meetings
American Ceramic Society— Annual M eeting, Pittsburgh, Pa., 

February 12 to 17, 1923.
American Institute of M ining and M etallurgical Engineers—  

Annual M eeting, N ew  York City, February 19 to 24, 1923. 
American Chemical Society— 65th M eeting, N ew  H aven, Conn., 

April 2  to 7, 1923.
American Electrochemical Society— 43rd Semiannual M eeting, 

N ew  York C ity, M ay 3 to 5, 1923.
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American Institute of Chemical 
Engineers

Eighty-five members and guests of the American Institute of 
Chem ical Engineers m et a t the H otel Jefferson, Richm ond, Va., 
December 6 , 7, and 8 , and devoted the 9th to inspection of plants 
a t  Hopewell, Va., and points of interest about historic Peters
burg.

The first session opened w ith Vice President A. W . Smith  
presiding in the absence of President Howard. W . H , Adams, 
chairman of the Board of Aldermen, acting for the M ayor of 
Richmond, welcomed the members and guests; he was followed 
by Allen J. Saville, director of Public Works, who spoke on the  
advantages Richmond offers to chemical industries. H e de
scribed the developm ent of the present city  w ith a population of
170,000 from the utter waste which was left by the Civil War, 
and emphasized the active services offered by the c ity  to those  
contemplating the establishm ent of new industries. T . M. 
Carrington, president of the Tobacco Association of the United  
States, followed w ith an address on the tobacco industry, treating  
first the cultivation of the plant and continuing with a compre
hensive survey of the econom ic features of the industry.

P. C. Kingsbury, chief engineer of the General Ceramics Co., 
gave an interesting and well-illustrated paper on the application  
■of stoneware to  the chemical industry. T he first pieces of chemi
ca l stoneware in this country were made in 1816 by potters who 
were not specialists, but actual production for chemical purposes 
w as started in 1836. Prior to  1915, 80 per cent of the clays 
required were imported from Cilicia, but since the World War 
•domestic sources for all needed clays, w ith the exception of less 
than 5 per cent of English ball clay, have been utilized. The  
necessity for aging some clays as long as five years for the making 
•of stoneware coils and m ost clay for at least two years for other 
shapes, was mentioned, but thus far no satisfactory explanation 
has been offered for the increase in plasticity which is secured. 
T he old time- and fuel-consuming periodic kiln probably will be 
replaced by regenerative continuous kilns, recently demonstrated  
and now in successful operation. I t  is believed that these kilns 
will not only reduce the tim e cycle of kiln operation, which is 
now three to  four weeks, but will also reduce breakage. M any  
problems of a  purely physical nature remain to  be solved. Glaz
ing is applied for finish only, for ordinarily glazers are less resis
tan t to corrosive action than is the body of the vessel. Expan
sion troubles are largely overcome b y  rounding corners, etc. 
Thus far, efforts to increase therm oconductivity to  approach that 
of m etal have been unsuccessful. Accomplishments, both in 
regard to  form and size, are illustrated b y  the present manufac
ture of filter presses, tanks of large capacity, pipe coils, cooling 
pipe units up to  fourteen feet in length, pump parts, etc.

Dr. Clarence W . Balke, chemical director of the Fansteel 
Products Co., Inc., spoke on "D uctile Tantalum .” D uc
tile tantalum  can be obtained only by separation from colum- 
bium as the fluoride and reduction from the fluoride or a double 
fluoride w ith an alkali m etal by a private process. Reduction  
from the oxide gives a brittle product w ith any reducing medium. 
The ductile product is remarkably resistant to  hydrochloric and 
nitric acids separately or as aqua regia. Hydrofluoric acid  
attacks it  slowly, but rapidly when mixed w ith nitric acid. 
The m etal readily absorbs hydrogen, nitrogen, or oxygen, but 
m ust be com pletely melted to  expel them . I t  is very brittle  
when containing absorbed gases. The wrought m etal has a 
density of 16.6 and m elts a t 2850° C. It m ay be drawn from 
Vs in. to  filament size without annealing between, although some 
strain hardening was noted. It has a very high tensile strength, 
low coefficient of expansion, a  thermal conductivity of 0.13, and 
can be spot-welded to  itself and possibly other m etals, although  
these experiments are not complete. I t  has a com paratively

low oxidation temperature and no structural changes were noted  
below the temperature of burning. Its m ost remarkable prop
erty, and probably its m ost useful one, is the resistance to current 
flow when it is used as the anode in a cell and the ease of current 
flow when it  is the cathode. Results of preliminary experi
ments seem to  indicate that it  will form better rectifiers than  
aluminium when used w ith lead plates. T he commercial product 
is 99.5 per cent pure and costs now about $1.00 per gram, al
though widening use will probably decrease this cost very  
considerably.

On W ednesday afternoon three excursions were held— sight
seeing in Richmond, a  v isit to  the Standard Paper M anufactur
ing Company and Richmond Car Works, and a v isit to the South
ern M anufacturing Company and the Cheek-Neal Coffee Com
pany plants. The ladies were entertained on W ednesday after
noon at a musical and tea given by the W om an’s Club. On W ed
nesday evening a  reception was given a t the H otel Jefferson, 
where the guests were entertained by a negro double quartet 
singing old negro melodies.

On Thursday morning J. V. N . Dorr, in discussing wood, 
presented a number of special uses to  which wood has been placed 
in the chemical industry. In addition to  tanks protected by  
various methods of coating, general construction, and 'the ordi
nary uses of wood, he mentioned wood linings for centrifugals 
and pumps. Reference was made to  the difference in rate of 
attack upon various woods by different acids and alkalies, and 
it  was stated that cypress and redwood had been found best 
where weak inorganic acids were concerned. Redwood appears 
to  resist organic acids satisfactorily. The use of sheet m etals, 
such as lead, for the lining of wood containers, and the use of 
concrete and of para rubber were also discussed. Largely be
cause of the cracks which develop in.bakelite w ith a  change in 
volum e of wood and the absence of elasticity, it  has been found 
unsatisfactory as a protective coating for wood. In some 
equipment containers m ust withstand, not only the corrosive 
action of liquids but abrasion as well, and recently constructed  
alum tanks were cited as an example where lead lining and lead  
coating for agitator plates had been found necessary. H . K. 
Moore pointed out the advantage of wood in connection w ith  
electrical circuits, and the use of wood pipes, wood spigots, and 
other parts of the system  used to  convey brine solutions. He also 
mentioned the use of maple in cylinders working in bleach solu
tions, the fibers having sufficient felting properties to pick up 
bleach fibers from the solution. Crosby Field, in his discussion 
of the paper, developed the desirability of providing satisfactory 
treatm ent to  render wood at least slow burning, and pointed 
out that in chemical plants wood is frequently used advanta
geously as compared w ith m etal because of its resistance to  
corrosion. H enry Howard called attention to  established  
practice in ship-building, which if applied by inland carpenters 
in the installation of wooden equipment could obviate the use 
of m etal fastenings, etc., and be a decided advantage.

M ax Y . Seaton, in discussing magnesia and Sorel cem ent, 
referred to  the initiation of the use of magnesium oxychloride 
cem ents by Sorel in 1867, and the various attem pts to use the  
material for artificial stone, floors, stucco, etc., before the material 
had been really understood. T he work of the last ten years has 
cleared up m any questions and led to a w idely extended use of 
plastic calcined magnesium oxide for this purpose. The low  
volum e changes, the early developm ent of strength, and the  
ability to bind materials to  wood fibers are among the advantages 
of this material. Mr. Seaton’s paper stressed the control of 
time and temperature necessary in burning m agnesite where the  
carefully sized ore is heated to  1100° C. in a rotary kiln. The  
quality of the ore is controlled by chemical analysis where special 
attention is given to  iron, alumina, and silica. The calcined 
material is ground in ring roll mills, using air separation, but the  
best results are obtained w ith the old style Burr mill. The
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principal source of magnesium chloride is the salt wells of M ichi
gan. The selection of aggregate, which must be dry, was stressed, 
and present-day applications of the magnesium oxychloride 
cem ents indicated.

F. C. Zeisberg, in his paper on "Glass Rings— a N ew  
Filling M aterial for Towers,” described the use of small glass 
rings ranging 1 2  mm. and less in diameter for packing rectifying  
columns. These were found to give satisfactory results on ac
count of large surface exposed per cubic foot, low heat conduc
tiv ity , and cleanliness. Two thousand pounds of 90 per cent 
alcohol were distilled from a column 9 in. in diameter and 13 
ft. high filled with such rings 1 1  mm. in diameter w ithout undue 
crowding.

The paper on “ Glass” by A. E. Marshall, which followed, will 
be printed in full in the February number of T iiis J o u r n a l .

A t the first business session a hearty vote of thanks was ex
tended to the local com mittee for its efforts in contributing to  
the success of the meeting. During the year the following com 
m ittees have been appointed: patent, educational, on appeal of 
N ew  York engineers on registration law. The action of the  
Council in authorizing student branches and the organization of 
the first branch at the University of M ichigan were announced. 
T he treasurer’s report showed a surplus over previous years, and 
in view  of the improved financial condition it  was announced  
th a t the dues for 1923 would be reduced to  $18 for active m em 
bers and $12 for junior members. The Council announced 
favorable action on the request for financial support for the 
Annual Tables of Constants and Num erical D ata. The secre
tary reported 451 active members, 113 junior members, and 2 
honorary members of the Institute. I t  was voted to  continue 
membership in the Federated American Engineering Societies, 
w ith H. E. Howe as representative and A. E . Marshall as alter
nate. Brief reports were made by the membership and educa
tional com mittees, and at a later business m eeting the recom
m endations of the publication committee, of which F. C. Zeisberg 
was m ade chairman, were adopted. T o raise the standard of 
the papers to  be presented before the Institute and to facilitate 
the publication, it  was voted that hereafter manuscripts in 
duplicate m ust be in the hands of the secretary two months 
prior to the meeting, that a t the discretion of the publication  
com m ittee preprints of the papers or extended abstracts of them  
are to  be circulated before the meeting. A t the meeting, papers

are to be presented in general in abstract, to allow time for ex
tended discussion, and further regulations provided for prompt 
handling of notes of the m eeting and galleys of the proceedings 
to insure prompt publication. The Institute voted to  w ith
draw from the M etric Association, and the following resolution 
was passed with respect to the licensing of chemical engineers:

Resolved, that the American Institute of Chemical Engineers 
reiterates its opposition in principle to the licensing of chemical 
engineers and to the activities of those agencies that are fostering 
this movement.

Be it further resolved, that the American Institute of Chemical 
Engineers encourage and lend its moral support to all legitim ate  
efforts to the defeat or repeal of such legislation as far as chemical 
engineers are concerned.

I t  was also moved that in the future the secretary shall ascer
tain in advance whether manufacturers are willing to  have 
guests of the Institute visit their plants, and if not, due notice 
shall be printed in the program.

The following officers were elected for 1923:

President: H e n r y  H o w a r d .
Secretary: J o h n  C .  O l s e n .
Treasurer: F .  W . F r e r i c h .
Auditor: C h a r g e s  F .  M cK e n n a .
Directors (for three  years): E d w a r d  B a r t o w , J .  V. N . D o r r , pnd R. H .

M c K e e .

The Council voted to hold the June 1923 m eeting in W ilming
ton, Del., and the June 1924 meeting in Denver, Col.

In his paper on "An Extension of the Theory of Gas Absorp
tion Towers” immediately after the business session, Wallace 
B. Van Arsdel, of the Brown Co., developed formulas on 
the basis of the absorption of sulfur dioxide in a liquid, consider
ing temperature and gas velocity as the chief variables, which 
proved out in experimental towers. Several other factors were 
introduced which made the formulas highly complicated in m ost 
cases, depending on whether the heat of solution was positive, 
negative, or negligible.

F . C. Blake, in his paper on "Resistance of Packing to  Fluid 
Flow ,” applied the accepted formulas for fluid flow in pipes to flow 
of gases and liquids through packed towers by the introduction 
of a viscosity factor. These formulas were found to give fairly ac
curate results w ith air, water, and carbon dioxide in an experi
m ental tower. The variation between different towers and
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between different methods of packing the same tower were noted  
as nullifying the formulas.

The excursions Thursday afternoon included visits to the  
plants of Liggett & M yers Tobacco Co., P. Lorrilard Tobacco  
Co., and Larus Bros, and Company. T he ladies visited  the  
flavoring extract plant of the C. F. Sauer Co., where they  had 
luncheon, and were served tea at the Richm ond Country Club.

The paper by Haslam, Ryan, and Weber, "Absorption and 
Scrubbing Tower Design,” given Thursday evening, developed  
and applied to  practice formulas for the calculation of the design 
of scrubbing towers based on plant experiments. Gerard Oster- 
hof and James R. W ithrow followed w ith a paper on "The D en
sity of Lime as a  Function of Burning Conditions.” Burning 
of lime at high temperatures does not always give the densest 
product, although ordinarily considered so. Sm all am ounts of 
impurities, especially alumina, iron oxide, silica, and magnesium, 
have marked influence. This paper was in the nature of report 
on work still in progress.

The third paper, on "The U se of Propane for Refrigeration,” 
was given by H. D. Edwards. Propane offers decided advantages 
in producing cold at temperatures below those obtainable with  
carbon dioxide, ammonia, and other agents now used. The  
cost of it is too great to warrant its application, except in special 
cases. I t  is now available from casinghead gas in extreme 
purity.

The fourth paper, "Asbestos-Protected M etal; Its Develop
ment, Manufacture, and U se,” by J. H. Young, described the 
developm ent of the commercial product from experimental be
ginnings to its present form, the detailed method of manufacture, 
and illustrations of its use. A. C. Irwin’s paper, on "The Use  
of Concrete in Chemical W orks,” detailed the preparation of 
concrete mixes and the use of "gunite” as a dense coating.

The papers by A. H. W hite, on "Integral W aterproofing of 
Concrete,” and by W. B. Pratt, on "Oil Sulfur Substitution  
Compounds,” which were presented on Friday morning, will be 
printed in full in the February issue of T h i s  J o u r n a l ,  as will 
also the paper on "The Importance of Im purities” by Jerome 
Alexander.

In his paper on “Some Engine Experiments w ith Oxidized 
Oils,” J. H . James outlined experiments w ith partially oxidized 
gasoline, and kerosene in an automobile, which gave superior 
results to unoxidized fuels. T est runs of ninety miles were made. 
J. C. Wood, E. R. W hittemore, and W . L. Badger, in their paper, 
"A M ethod of Analysis of Stirrer Performance and Its Applica
tion to a Common T ype of Paddle Stirrer,” outlined experiments 
for the measurement of stirrer performance based on simul
taneous readings of electrolytic cells in various parts of a vessel 
in  which salt was being dissolved. A series of curves derived 
from the experimental data gathered was presented. The  
efficiency of a  simple paddle type stirrer was found to be sur
prisingly high, even at slow speeds.

Edward Bartow, in his paper “Purification of Sewage by  
Aeration in the Presence of Activated Sludge— IV ,” discussed 
developm ents during the last two years in this field, w ith illus
trations of typical installations.

On Friday afternoon, trips were taken to the Virginia-Carolina 
Chemical Company’s Richmond Chemical Works and the 
Richmond Cedar Works, and the ladies, husbands, and the  
Council were entertained at luncheon at the Valentine Museum.

The banquet was held Friday evening a t the H otel Jefferson, 
during which President Howard announced the election of W m. 
H . N ichols to honorary membership in the Institute. Speeches 
were made by Arthur Glascow, a  consulting engineer from  
London, H ugh K, Moore, of the Brown Co., Vice President Smith, 
and Chas. L. Reese.

On Saturday those of the party who remained were taken by  
autom obile to  H opewell and Petersburg, where they visited the  
plant of the Hummel-Ross Fiber Corporation and various other

points of interest, w ith luncheon at the C ity Point Inn, where 
they received a cordial welcome from representatives of the  
local Chambers of Commerce.

The party returned to Richmond and departed for their homes 
with a universal expression of pleasure a? to the results of the 
meeting and a memory of southern hospitality unsurpassed.

Symposium on Materials of Chemical 
Equipment Construction

M any prominent chemists have suggested from tim e to tim e  
that a symposium should be held upon the subject relating to  
materials as applied to construction and equipment in the in
dustry. Therefore, a t the spring m eeting it  has been decided 
to hold a symposium entitled "M aterials of Chemical Equip
m ent Construction.”

The literature upon this subject is widely scattered and pub
lished in m any journals inaccessible to the average chemist, so  
that in m any cases much tim e m ust be spent in duplicating 
work which has already been done. The symposium will tend  
to bring together such m atter for which chemists are constantly  
in search.

The officers of the Industrial Division have secured Philip A. 
Singer, a consulting engineer of the Singer-Perlstein Co., Chi
cago, 111., to act as chairman of this symposium. This choice is 
especially fortunate in view  of Mr. Singer’s experience in the  
design, construction, and operation of chemical plants.

The subject m atter of the symposium m il cover woods, 
metals, vitreous materials, coatings, rubber, fabrics, etc., and 
will deal w ith the resisting properties of these m aterials to  acids 
and alkalies, their resistance to  temperature, oxidation charac
teristics, cost, chemical composition, etc.

I t  is hoped that industrial chemists and university professors 
will cooperate in every possible way w ith Mr. Singer by writing 
to him directly, stating on w hat phase of the subject they would 
like to present papers a t the N ew  H aven meeting.

Western New York Section Program
The program for the remaining m eetings of the season of the  

W estern N ew  York Section of the A m e r i c a n  C h e m i c a l  S o c i e t y  
is as fo llow s:

January 2: A t N iagara  Falls. C onvivial N igh t. F . A. L i d b u r y .
February 6: A t Canisius College, Buffalo. G. L. C o y l e , on “ R eorganiza

tion of th e  A. C. S .”
March 6: A t N iagara  Falls. W . D . B a n c r o f t , on "T h e  C hem istry of 

C erta in  Colors.”
A pril IQ: A t Technical High School, Buffalo. H . C. P a r m ELEE. Subject 

open.
M ay 1: P robab ly  a t  G rosvenor L ibrary  A uditorium , Buffalo. C h a s . H .  

H e r t y  m ay be the  speaker.
(The N iagara Falls m eetings a re  usually  held a t  th e  C ham ber of Com m erce.)

Two other speakers of the season will be E. C. Franklin, of 
Leland Stanford University, and Thom as M idgley, Jr., of the 
General M otors Research Corporation.

Rochester Section Program
The Rochester Section of the A m e r i c a n  C h e m i c a l  S o c i e t y  

has announced the following speakers for its m eetings for the  
remainder of the year 1922-1923:

January  22: P r o f e s s o r  C h a m b e r s , U niversity  of R ochester.
February 5: M r . F e r g u s o n , Je ll-0  Com pany.
February IP: D r .  W r i g h t , G eophysical L aborato ry .
March 6: Open.
March 19: D r. S k i n n e r , B ureau of Chem isty.
A p ril 2: P r o f e s s o r  T a y l o r , Princeton  U niversity .
A p ril (16?): P r o f e s s o r  F r a n k l i n , Leland S tanford  U niversity .
M ay 7: M r . B u r r o w s , E astm an  K odak Com pany.
M ay 21: Open.
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Division of Physical and Inorganic 
Chemistry

A t  the Pittsburgh m eeting of the A m e r i c a n  C h e m i c a l  S o c i e t y ,  
September 4  to 8 , 1922, the Division of Physical and Inorganic 
Chemistry passed a resolution instructing its executive com mittee 
to arrange for the printing of edited abstracts of all papers to be 
presented at its meetings, and the distribution, of such abstracts 
to  all members before the meetings. T o cover the cost of these 
abstracts it is necessary to charge a fee of S I.50 to each member 
of the Division, which will entitle him to receive abstracts of 
papers for both of the 1923 meetings.

Since the present membership list of the Division of Physical 
and Inorganic Chemistry is very fragmentary, a letter is being 
mailed to all old members, and to many others not previously 
affiliated w ith the Division, in order to  give them the opportunity  
of receiving abstracts of all papers presented a t the divisional 
meeting. The mailing list, however, is m ost incomplete, and the 
present notice is to request all members of the S o c i e t y  who m ay 
desire to be enrolled in this Division, and to receive abstracts of 
papers, to send their names, with check for SI.50, to the secretary 
of the Division.

In order that sufficient time be allowed for the distribution of 
these abstracts, it is essential that an abstract of each paper to  
be presented at the N ew  H aven meeting be sent to the secretary

with the title, and that such abstract be in his hands not later 
than March 10, 1923.

U n i v e r s i t y , V a . G r a h a m  E d g a r ,  Secretary

Textile Chemists and Colorists
The 2nd annual meeting of the American Association of 

Textile Chemists and Colorists was held at the Hotel Pennsyl
vania, New York City, December 2, 1922. There were 160 in 
attendance. The amendments to the constitution which had 
previously been proposed were adopted as drafted, w ith the 
single exception that the section pertaining to  the duties of 
local secretaries was changed to provide that the annual reports 
of local secretaries shall be submitted to the secretary of the As
sociation each year, before February 1 of the same year in place 
of before February 1  of the succeeding year, as originally recom
mended.

The following officers were reelected for another year:
President: L ou is  A . O l n e y .
Vice Presidents: W il i . ia m  D .  L i v e r m o r e  a n d  W i l l i a m  I I .  C a d y .
Secretary: W a l t e r  E .  H a d l e y .
Treasurer: W i n t i i r o p  C , D u r p e e .
Councilors: E l m e r  C .  B e r t o l e t , A r t h u r  E .  H i r s t , G e o r g e  A .  

M o h a n , W il l ia m  K .  R o b b i n s , a n d  W a l t e r  M .  S c o t t .

W . R. Morehouse was elected an additional councilor for a period 
of three years.

N O T E S  A N D  C O R R E S P O N D E N C E

Comment on America’s P art in the 
International Congress of Com

bustible Liquids
E ditor of Industrial and Engineering Chemistry:

* * * * * I am sorry that our people in the United States 
did not feel enough interest in the affair to take a more active  
part in it. It is a shame that we do not a t least do as much in 
the m atter of cooperating in these affairs as is done by other coun
tries. Mr. Gérard knew of the presence in Paris of Prof. John  
Frazer, of the University of Pennsylvania, exchange professor 
to  France this year, and myself, and sent us invitations to be 
present. The only other Americans who were here were three 
representatives of the Standard Oil Co., headed by a Mr. 
Cobb, and Dr. Gray, of the Texas Oil Co., who was sent over 
by his com pany especially for the m eeting; the Standard Oil 
men were here on other matters. I should think that as a 
genera] principle the United States should be as much inter
ested in developing the better utilization of liquid fuels, and, as 
the French express it, of a "Carburant N ational,” as the other 
nations of the world; in fact, more so since we are the principal 
producers, and it should be our business to  improve the methods 
of utilization, and extend the application of these fuels.

* * * * *

A t the banquet Dr. Gray responded for America, and was the 
only representative of about fifteen countries called who did not 
speak in French. I do not say  that I could have done so, but 
I certainly hope that some day I m ay be able to make a better 
showing for m y country than I have seen m ade so far during m y  
sojourn here.

A t h e r t o n  S e id e l l

P a r i s

October 15, 1922

Say “ Diatomaceous E arth”
Editor of Industrial and Engineering Chemistry:

I would like to call your attention to the confusion often aris
ing in technical and scientific literature through the use of trade 
names in place of “ Diatomaceous Earth,” the correct descrip
tive  name for the material in question.

This valuable heat-insulating material and filter aid, aside 
from bearing the burden of numerous trade names, has been de
scribed in the literature by such names as Celite, Kieselguhr, 
Infusorial Earth, Diatomite, Fossil Meal, Fossil Flour, Desmid  
Earth, Molera, W hite Peat, Tellurine, Randanite, Ceyssatite, 
Tripoli, English Rotten Stone, Bergmehl, etc. M any of these  
names are correctly applied to other materials, and their use in 
place of "Diatomaceous Earth” is both confusing and misleading.

Diatomaceous Earth, as it appears on the American market, 
is composed almost entirely of the fossilized remains of diatoms, 
either fresh water or marine, or a mixture of the two types. 
Radiolarian remains and sponge spicules may be present in minor 
proportions.

When the use of trade names is essential to the clarity of a 
technical article, much confusion can be eliminated if the true 
nature of the material also be indicated by the use of the proper 
descriptive name, "Diatomaceous E arth.”

N o r r is  G o o d w in

F e a t h e r - S t o n e  I n s u l a t i o n  C o m p a n y  
L o s  A n g e l e s , C a l i f ., N ovem ber 23, 1922

Plioto-Engravers Cooperate
The following resolution was recently adopted by the Photo- 

Engravers’ Board of Trade of N ew  York, In c .:
Resolved, th a t  the  Photo-E ngravers’ Board of T rade  of New York, Inc., 

endorse and approve the  action taken  by  the  Am erican Chem ical Society in 
the ir endeavor to  bring abou t a  sim pler and more workable adm inistra tion  of 
th e  provisions of the  Volstead A ct as ailecting industries requiring alcohol 
for m anufacturing  purposes.
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Needs of the Library of the Chemists’ Club
T he accompanying list shows some of the more im portant 

vacancies in the files of journal literature available to  the chem 
ists of the country through the library of the Chem ists’ Club, 
N ew  York City. It is earnestly requested that you look through

American Food Journal. New York.
Vols. 1-3 (1906-1908)

American Journal o f Science. New H aven, C onn.
Ser. 1, Vol. 2 (1820)

Vols. 5 -7  (1822-1824)
Vols. 10-11 (1826)
Vols. 14-15 (1828-1829)
Vol. 49 (1845)

Ser. 2, Vols. 20-21 (1855-1856)
Vols. 23-24 (1857)

American Mineralogist. Philadelphia, Pa.
Vols. 1-4 (1916-1919)

American Perfumer and Essential Oil Review.
New York.

Vols. 1-4 (1906-1909)
Vol. 13 (1918-1919), index only 
Vol. 14 (1919-1920), index only 
Vol. 15 (1920). to  date  

Anales de la sociedad quimica Argentina  (now 
Anales de la asociacion quimica Argentina).
Buenos Aires.

Vol. 8 (1920), to date  
Analyst. London.

Vols. 46-47 (1921-1922)
General index, Vols. 21-30 (1S96-1905). 1906 

Annalen der P hysik  und Chemie, ed. by Poggen- 
dorff. Leipzig.

Vols. 9-160 (1826-1876)
Annales de chimie analytique appliquée a l ’indus

trie. Paris.
Vols. 3-12 (1898-1907)

Annales des falsifications. Paris.
Vols. 1-3 (1908-1910)
Vol. 8 (1915), to  da te  

Arbeiten aus dem kaiserlichen Gesundheilsamte 
(now Arbeiten  aus dem Reichsgesundheit
samte).

Vols. 17-31 (1900-1907)
Vol. 49 (1916), to  da te  

Archtef voor de Su ikenndustrie  in  Nederlandsch- 
Indi'è. Soerabaja, Java .

Vols. 1-17 (1893-1909)
Vols. 27-28 (1919-1920)

Archiv fü r  Chemie und M ikroskopie. W ien.
Vols. 1-2 (190S-1909)
Vol. 8 (1915), to  d a te  when publication  

ceased.
Asphalt und Teerindustrie. Berlin.

Vol. 3 (1903)
Vol. 10 (1910), d a te  of la te s t volum e un

known
Beiblätter zu deft Annalen der Physik. B raun

schweig.
Vols. 41-43 (1917-1919)

Biedermann's Zentralblatt fü r  Agriculturchemie.
Leipzig.

Vols. 1-30 (1S72-1901)
Vol. 41 (1912) to d a te  

Biochemical Bulletin. New York.
Vol. 4 (1915) to  da te  

Biochemische Zeitschrift (form erly Beiträge zur 
chemischen Physiologie und Pathologie).
Berlin. (Conc’d nex t colum n)

your own library and offer such duplicates as m ay help fill these 
gaps to the librarian, 52 E ast 41st St., N ew  York City, for it  is 
only in this w ay that these volum es m ay be made available to  
the profession as a whole.

Vol. 23 (XS77)
Vol. 25 (1878)
Vol. 41 (1886), index only 
Vol. 45 (1888)
Vol. 57 (1894)
Vol. 60 (1895), index only 

Färber-Zeitung. Ed. by Lehne. Berlin.
A pparen tly  f 1870-1872 1 Called R eim ann’s 

no volum e I 1879 ) Färber-Zeitung
num bers 1 1881-1888 
used { 1905-1915 

Vol. 28 (1917)
Farben Zeitung. Berlin.

Vols. 1-16 (1895-1910)
Fortschritte der P hysik. Braunschweig.

Vols. 40-56 (1884-1900)
Vol. 68 (1912) to  th e  volum e for 1919 

Gas Journal, form erly (a) Gas Lighting Journal; 
(6; Journal o f Gas Lighting. London.

Vol. 116 (1911)
Vols. 121-125 (1913-1914)
Vols. 129-130 (1915)
Vols. 133-148 (1916-1919), indexes only 
Vols. 149-154 (1920-1921)

Gazzetta chimica italiana. Rom e.
Vol. 50 (1920) to  date  

In d ia  Rubber and Gutta-Percha and Electrical 
Trades' Journal, now In d ia  Rubber Jour
nal). London.

Vols. 1-40 (1884-1910)
In d ia  Rubber Journal. London.

Vol. 41 (1911)
Vol. 43 (1912)
Vols. 48-53 (1914-1917)
Vol. 54 (1917), index only 
Vol. 57 (1919)
Vol. 58 (1919), index only 
Vol. 59 (1920)
Vol. 60 (1920), index only 
Vol. 62 (1921), index only 

In d ia  Rubber World. N ew  York.
Vols. 1-27 (1889-1902)
Vols. 28-30 (1903-1904), indexes only 
Vols. 35-42 (1906-1910)

Jahrbuch fü r  Acetylen und Carbid. H alle.
Vol. 4 (1902), d a te  of la te s t volum e unknow n 

Jahrbuch der Elektrochemie. H alle.
Vol. 16(1909), d a te  of la te s t volume unknown 

Jahrbuch der Radioaktivatät und Elektronik. 
Leipzig.

Vol. 3 (1906), to  da te  
Jahresbericht über die Fortschritte ¿er Agricultur

chemie. Berlin.
Ser. 3, Vols. 10-11 (1907-1908)

Vol. 13 (1910), d a te  of la te s t volume 
unknown

Jahresbericht über die Fortschritte der Chemie. 
Braunschweig.

1911, d a te  of la te s t volum e unknow n 
Jahresbericht über die Fortschritte der Thierchemie. 

W eisbaden.
Vol. 39 (1909), d a te  of la te s t volum e un

known

Vol. 4 (1904) > _
Vol. 7 (1005) 1 Bn,raSC
Vols. 49-58 (1913)
Vols. 72-77 (1915-1916)
Vols. 79-84 (1917)
Vols. 93-100 (1918-1919)

Brennstoff-Chemie. Essen.
Vols. 1 -2  (1920-21)

Bulletin o f the Im perial Institute. London.
Vols. 1-7 (1903-1909)

Bulletin o f the Philosophical Society o f Washington. 
W ashington.

Vol. 15 (1906)
Bulletin de la société industrielle de Mulhouse. 

M ulhouse, France.
Vols. 1-33 (1826-1863)
Vol. 36 (1866, M arch) 'j or
Vol. 74 (1904, Septem ber) 1 com plété
Vol. 77 (1907, April-M ay) | volumes
Vols. 83-85 (1913-1919) J 

Le Caoutchouc la gutta-percha. Paris.
Vols. 1-5 (1904-1908)
Vol. 15 (1918), index only 
Vol. 16 (1918)

Centralblatt fü r  Bakteriologie, Parasitenkunde und  
Infekliotiskrankheilen, I I  Abt. Jena. 

Vols. 1-22 (1S95-1909)
Vols. 25-50 (1910-1920)

Chemical Trade Journal. London.
Vols. 1-44 (1887-1909)
Vol. 47 (1910)

Chemiker-Zeitung. Cöthen.
Vols. 1-2 (1877-187S)

Chemische Industrie, Die, Berlin.
Vols. 37-42 (1914-1919)

Chemische Revue über die Fett-und H arz-Industrie  
(now Chemische Umschau a u f dem Gebiete 
der Fette, Oele, Wachse, und Harze). 
S tu ttg a r t.

Vols. 1-3 (1894-1896)
Vol. 5 (1898), index only 
Voîs. 6 -8  (1899-1901)
Vol. 9 (1902), index only 
Vol. 11 (1904)

Chemische Umschau a u f dem Gebiete der Fette, 
Ocle, Wachse, und Harze form erly Chem
ische Revue. . .). S tu ttg a r t.

Vols. 26-27 (1919-1920)
Chemisches Zentralblatt. Berlin.

Vol. 86, No. 23 (1915), or com plété vol. 
G eneral R egister (1902-1906). 1907 

Deutsche Färber-Zeitung. Leipzig.
Vols. 1-56 (1865-1920)
N o te : Vols. 1-4 (1S65-1868) called Thür

inger MusUrzeitung fü r  Färberei 
Dinglers polytechnisches Journal. Berlin.

Vol. 325 (1910)
Elektrochemische Zeitschrift. Berlin.

Vol. 22 (1915)
Vols. 25-26 (1918-1919)

Engineering and M in ing  Journal. New Y ork. 
Vols. 1-14 (1866-1872)
Vols. 17—18 (1874) (Conc‘d nex t column)

Research on the Corrosion of Steel Pipe

The National Tube Co., of Pittsburgh, Pa., has an
nounced the establishm ent of an Industrial Fellowship in the  
M ellon Institute of Industrial Research of the University of 
Pittsburgh, Pittsburgh, Pa.

The purpose of this fellowship is a system atic study of prac
tical m ethods for the prevention of corrosion in hot-water sup
ply system s. I t  is also giving attention to  the classification of

waters of various chemical composition w ith respect to their 
relative corrosive action upon iron and steel, particularly in the 
form of pipe lines, boiler economizers, tubes, etc.

The present incum bent of this fellowship is Clifford R. Texter, 
who for the past several years has been carrying out research on 
the corrosion of iron and steel, where not exposed directly to  
the atmosphere. M r. Texter will be glad to  correspond with en
gineers and manufacturers interested in the field to which his 
fellowship relates
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An Aid to Petroleum Chemists
Editor of Industrial and Engineering Chemistry:

M ay I have a little space in your journal to  emphasize one of 
the points made by Dr. Dean in his recent review of Brooks’s 
"Chemistry of the Non-benzenoid Hydrocarbons?”

The fact was mentioned that the author has brought together 
the literature of his subject from a large number of journals, 
some of which are not easily accessible. This painstaking work 
required a great am ount of effort, which w as justified by the  
importance of the subject. The recent activity in the study of 
the chemistry of petroleum is leading to uses of these hydrocar
bons in the preparation of substances of importance in indus
trial organic chemistry, and I am of the opinion that further 
work will eventually place petroleum in a position similar to that 
of coal tar as an industrial raw material.

The appearance of Dr. Brooks’s book a t this tim e serves to  
facilitate markedly research in this field, and will, no doubt, 
inspire investigations which would never be undertaken if such 
an admirable review of past work were not available.

The book has been of great service to both m y students and 
myself.

J a m b s . F .  N o r r is

M a s s a c h u s e t t s  I n s t i t u t e  o k  T e c h n o l o g y  
C a m b r i d g e , M a s s .
N ovem ber 29, 1922

The Classification of Coal
Editor of Industrial and Engineering Chemistry:

In the October issue of the journal, Prof. S. W. Parr has 
brought up again this m ost interesting subject and has made a 
valuable contribution to it. There is now a widespread interest 
in the classification of coal, since it is being appreciated that the  
high prices paid for coal are in part a t least due to poor market
ing and that this in turn depends in part on poor classification. 
A satisfactory use of classification of coals properly applied would 
cut down the nation’s fuel bill materially. Bridging the gap from 
a scientific to a market grouping of any category of goods is a 
long step, but no step can be taken save from a starting point and 
a rational scientific classification; one which places the various 
coals according to natural groupings and at the sam e tim e is 
easily and quickly applied would afford such a point.

As Professor Parr shows in his brief historical introduction, 
the subject is not new. Horace C. Porter in 19151 gave a more 
detailed review of the developm ent of ideas along this line, and 
following that, in the same paper, O. C. Ralston illustrated on 
trilinear diagrams the groupings developed by recalculation of 
3000 analyses of coals made in the government laboratories. 
H e showed that when ultim ate analyses of coals are reduced to  
moisture- and ash-free basis (less nitrogen and sulfur), the vari
ous ranks fall in definite areas of a trilinear diagram on which 
carbon, hydrogen, and oxygen contents have been plotted. H e  
also developed "isovolatile” and “isocalorific” lines running in 
divergent directions across the diagram, but with such relations 
that the position of the coal could be predicted either from the 
ultim ate analysis or the calorific value and volatile content. 
The latter is the basis used by Professor Parr, and the difference 
in appearance of the diagrams is incident mainly to the use in the  
trilinear of lines crossing at an obtuse angle as against those at 
right angles to each other in Professor Parr’s figures. Any stu
dent of the subject will w ant to have both before him. The  
Parr diagrams are admirably clear and simple and w ith the coals 
he has plotted show good definition of groups, except between 
eastern and western bituminous where too much is not to be

1 Bur. M tnes, Tech. Faper 93.

expected. Possibly, if all the analyses used by Ralston had been 
plotted, the shading of one group into another m ight be more 
pronounced.

Professor Parr and his associates have given us much to think 
of on the classification of coals. N ow  can some one tie their 
work with uses of coal and so furnish a basis for a market classi
fication ?

I I .  F o s t e r  B a in
B u r s a u  o p  M i n e s

W a s h i n g t o n , D. C.
N ovem ber 28, 1922

Admissions to U. S. Pharmacopeia
A list of additional admissions to the U. S. Pharmacopeia 

(10th Revision), and an additional list of U. S. P. (9th R evi
sion) titles which it  is recommended not to  adm it to  the  
U. S. P. X ., has recently been issued. These represent reports 
from the Subcommittee on Scope submitted since the first lists 
were made public, some months ago.

Comments are invited on these recommendations and careful 
consideration will be given to all communications b y  the Special 
Referee Committee on Scope, which consists of the twenty-one  
physicians of the General Committee of Revision.

Where the recommendations of the subcom m ittee do not m eet 
with approval, and a protest is submitted, this should be accom 
panied by evidence and facts to substantiate the claim, that the 
referees m ay have all evidence before them.

There are a few questions of admission and deletion not yet 
announced by the Subcommittee on Scope.

Information concerning these lists m ay be obtained from, and 
comments should be sent to E. Fullerton Cook, Chairman, 636 
So. Franklin Square, Philadelphia, Pa.

H eat Transfer by Conduction and Convec
tion. I I —Liquids Flowing through 

Pipes—Correction
In the article under the above title [T ins J o u r n a l ,  14 (1922), 

1 1 0 1 ] the following errors should be noted:

Page 1102, 2nd col., E q. 7, th e  te rra  (pun) should be (pu)n.
Page 1102, 2nd col., E q . 7b, the  term  (p m)0-93 should read  (pu)o.M.
Page 1103, 2nd col., first line a fter E q. 10a, change “ w hich”  to  “ Eq.

10.”
Pages 1103 and  1104, E quations 96 and  9c, b should read  B.
Page 1104, Col. 1, th e  line preceding the  tab le should read  “T he range 

of the values for water is as follows:”
Page 1104, N om enclature T able:

B =  C onstant.
Change first p to  P =  In te n s ity  of absolute pressure, etc. 
y  =• Exponent.
n *» Absolute viscosity of liquid at average film  temperature, as lbs. 

per sec. per ft. =* 0.0672 tim es film viscosity  as poises.
W . H .  M cA d a m s  

T .  H .  F r o s t

M a s s a c h u s e t t s  I n s t i t u t b  o p  T b c h n o i . o o y  
C a m b r i d g e , M a s s .
D ecem ber 13, 1922

Report of the Viscosity Committee of the 
Cellulose Division—Correction

In this report, published in T h i s  J o u r n a l ,  14 (1922), 1164, in
the list of specifications, the eighth item  should read:

T em peratu re  of so lution to  be m aintained
by a  w ater jack e t w ith in .  .............   .25° C. ±  5 .

G. J. E s s e x e n ,  J r . ,  
Chairman

B o s t o n , M a s s .
Decem ber 13, 1922
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W A S H IN G T O N  N O T E S

D i s t i n g u i s h e d  S e r v i c e  A w a r d s

The men listed below, formerly connected w ith or assigned to 
the Chemical Warfare Service, have been awarded Distinguished  
Service M edals for exceptionally meritorious and distinguished  
service in the following particulars:

R aym ond F . Bacon, Colonel, C. W . S., Chief of Technical Division, 
A. E. F . U ntiring  energy, m arked scientific a tta in m en t, and  com prehen
sive technical knowledge in the  organization and  operation  of laborato ry  
units and proving-ground tests.

K arl Connell, M ajor, M edical Corps. Exposed him self unhesitatingly  
to h ighest concentrations of deadly  gases while working w ith  experim ental 
models and  masks. Inven ted , tested  ou t, and perfected a  new type  of gas 
mask superior to  any  then  in existence.

H arry  L. G ilchrist, L ieu tenan t Colonel, Chief of the  M edical Section, 
C. W. S., A. E . F . N o t only perform ed services of the  u tm o st value, bo th  
to  the M edical D epartm en t and  th e  Chem ical W arfare  Service, b u t developed 
a  degassing un it for trea ting  men exposed to  m ustard  gas w hich proved so 
successful th a t  i t  was adop ted  for the  en tire  Am erican E xped itionary  Forces.

‘Byron C. Goss, L ieu tenan t Colonel, C. W . S., chem ical adviser. Office 
of Chief, C. W . S., la te r as Chief G as Officer of 1st C orps, and  finally, of 
2nd A rm y. E xceptional ab ility  and  wide knowledge of gases; connected 
w ith p ractically  every  b a ttle  in which Am erican troops were engaged.

Joel H . H ildebrand, L ieu tenan t Colonel, C. W . S., C om m andant, 
C. W. S., Experim ental Field, A. E . F . Profound knowledge of chem istry, 
coupled w ith  rapid  grasp of m ilitary  problem s, enabled  him  to  render ser
vices of value in determ ining th e  best m eans of using gas and gas m aterials 
in the field.

Edw ard  N . Johnston , Colonel, Corps of Engineers, A ssistan t to  Chief, 
C. W. S., in France from  June  to  D ecem ber 1918. A bility  of high order in 
supervision of operations of all gas troops. L a te r also, to  Ju n e , 1919, as 
Acting Chief of C. W . S. abroad, showed keen business ab ility  and  sound 
judgm en t in closing th e  chem ical w arfare activ ities of th e  A m erican Expedi
tionary  Forces.

G ilbert N . Lewis, L ieu tenan t Colonel, C . W . S. Secured first-hand 
d a ta  in uses and  effects of gas and  subm itted  repo rts  of such value th a t  
they  became fundam entals upon gas w arfare policies of the  American 
Expeditionary  Forces. As Chief of the  Defense Division, he was in s tru 
m ental in securing more effective gas production , especially m usta rd  gas.

Augustin M . Prentiss, M ajor, G eneral Staff Corps, then  M ajor, C. W . S. 
Knowledge of supplies and  m aterial, especially in p roper choice of gases, gas 
shells, and  o th e r m ateria ls used by  gas troops and  artillery .

John  W . N . Schulz, Colonel, C orps of Engineers, represen tative ,
C. W . S., a t  G eneral H eadquarters. Service in th e  so lution of many 
problem s relating  to  th e  offensive use of gas and  also in planning more 
effective m ethod for issuance of equipm ent and tra in ing  in  gas warfare. 
L a ter, as Chief G as Officer of 1st A rm y, had  entire  responsibility  of gas w ar
fare in th a t  a rm y  during S t. M ihiel and  M euse-Argonne offensives.

R ichm ond M ayo-Sm ith, L ieu tenan t Colonel, C. W . S., Chief of Supply 
Section. B uilt and  adm inistered supply organization consisting of tw elve 
seaport, in term ediate, and front-line depots, which fully m et a t  all tim es the  
dem ands of chem ical w arfare supplies which active  operations b rought upon 
the  service.

Joaquin  E . Z anetti, L ieu tenan t Colonel, C. W . S., Chief Liaison Officer,
C. W. S., w ith  F rench forces. Fam ilia rity  w ith  F rench  language and 
m ethods and superior technical ab ility  enabled him  to  ga th e r an enorm ous 
am ount of detailed inform ation concerning the  m anufactu re , handling, 
and use of gases.

C a l c iu m  A r s e n a t e  S it u a t i o n

Government officials and manufacturers of white arsenic and 
calcium arsenate held a conference a t the H otel Astor, N ew  York, 
N . Y ., on December 13, to discuss the prospects of increasing the  
supply of calcium arsenate to  check the ravages of the boll 
weevil. The sentim ent of those attending the conference 
seemed to be that the shortage is not so acute as some reports 
indicated and is the result of inactivity in the lead and copper 
sm elting industry. Apparently, consumers are doing every
thing possible to  increase domestic production, but appreciable 
results from these efforts can hardly be expected for about six 
months. B. R . Coad, of the Departm ent of Agriculture, in 
outlining the probable calcium arsenate needs for the coming 
year, said that whereas some 3200 tons had been used during the 
past year, the estim ated requirements for 1923 would be three 
tim es that amount. These figures are exclusive of the quantities 
for other products in which arsenic is needed.

The following com mittee was appointed to investigate and 
subm it a report on the situation: B. R . Coad, Departm ent of

Agriculture, chairman; G. F . Loughlin, Geological Survey; 
Ham ilton Bush, American Sm elting and Refining Company; 
P. Y . Robinson, United Sm elting Company; Frank Hemingway, 
Sherwin-W illiams Company; R . N . Chipman, Chipman M anu
facturing Company; W. O. Tuck, Pittsburgh P late Glass Com
pany; and O. A. Hasse, Glidden Company.
I n d u s t r y  a n d  G o v e r n m e n t  C o o p e r a t e  i n  W o o l  R e s e a r c h

A s a result of a conference between representatives of the 
National Association of W ool M anufacturers, the American 
Association of W oolen and W orsted Manufacturers, and the  
Bureau of Standards, arrangements have been made by which  
the Textile Division of that bureau will conduct special scientific 
investigations w ith the textile industry. An elaborate program 
of work is planned and seven specific investigations have been 
authorized, which have to do w ith the setting of standard nom en
clature in wools; the filling quantities of wool; oils used for the  
emulsion of wools in the manufacture of yarns; the cffect of 
scouring raw wools and finished fabrics, and standardization of 
m ethods of testing scouring processes; wearing qualities of 
woolens; determination of the value of reworked wools and  
fibers and the construction of fabrics; determ ination of the  
relative fastness of various textile materials; and the establish
ment of standards of moisture and oils in yarns and fabrics. 
M eetings will be held from tim e to tim e to  consider progress on 
the surveys under w ay and to  formulate plans for future inves
tigations which m ay be of practical aid to  the industry.

L e a t h e r  I n v e s t ig a t io n s

The Bureau of Chem istry has com pleted some of its  coopera
tive work with the War Departm ent on shoe leathers which 
was started during the war. A report in which the following 
general conclusions are drawn has been filed w ith the War D e
partment, and will also be published as a bulletin of the D epart
ment of Agriculture:

U nder the  conditions of these tests, bark-tanned  upper lea ther was no t 
as satisfactory  as were the  o ther types of upper lea ther; fiber soles, while 
showing a  very  high resistance to  wear, were n o t su itab le, m ain ly  because 
of developm ent of physical fa ilu re; during  service; oak , ches tnu t, and  hem 
lock sole lea ther tannages showed practically  th e  sam e average w ear resis
tance, while belting lea ther indicated  a  slightly  g rea te r serviceability; chrom e 
sole leathers outw ore the  vegetable tannages, w ith  unw axed chrom e showing 
the  highest w ear resistance. T here  was p ractically  no difference in the  
wear of loaded and  unloaded leathers; well-rolled leathers showed a b o u t 
16 per cent more w ear th a n  unrolled ones. Soles from  th e  shoulder end of 
the bend did n o t show an  average w ear equal to  those from  th e  b u t t  end. 
Extensive d a ta  on th e  com parative chem ical com position of th e  original 
leathers and p arts  of the worn soles are given.

J o in t  M e e t i n g s  o f  S e c t io n s

On Novem ber 24, the W ashington and M aryland Sections 
of the A m e r i c a n  C h e m i c a l  S o c i e t y  held a joint m eeting in 
Baltimore. The W ashington chem ists arrived in  Baltimore at  
2  p.m ., and were taken in autom obiles to  the new plant of the  
American Sugar Refining Company. The remainder of the  
afternoon was spent in inspecting this plant,_ which is said to be 
the largest and m ost up-to-date sugar refining unit in the world. 
Few, if any, questioned the truth of this statem ent after making 
the round of inspection.

Dinner was served at the Engineers’ Club, following which 
addresses were made by R. C. W ells, chairman of the W ashing
ton Section, and H. E. Howe. The address of the evening was 
delivered by C. L. Huttlinger, superintendent of the sugar plant, 
who gave an interesting review of the history of sugar growing 
and refining.

About fifty members of the W ashington Section, twenty-five  
students from College Park, thirty students from Johns H op
kins University, and between forty and fifty members of the 
M aryland Section attended the dinner.

D y e  A d v is o r y  C o m m it t e e  M e e t s

The D ye Advisory Com m ittee, consisting of G. W. K night 
and Peter Feiberger of the Customs Service, N ew  York, N . Y ., 
W. N . W atson of the Tariff Commission, and W. D . Appel of the 
Bureau of Standards, held a m eeting in the Appraisers’ Stores, 
in N ew  York, on December 19, 1922, to consider certain features 
of the dye standardization work.

Decem ber 19, 1922
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P A R IS  L E T T E R
By C h a r l e s  L o r m a n d , 4 Avenue de l’O bservatoire, Paris, F rance

I n t e r n a t io n a l  C o n f e r e n c e  o n  R e f r ig e r a t i o n

The International Conference on Refrigeration has just m et 
in Paris. Of the 45 countries represented 24 ratified the cre
ation of the International Institute of Refrigeration. J. F. 
Nickerson, general director of the American Association of Ice 
and Refrigeration, was appointed a member of the administra
tive council.

G o v e r n m e n t  S o d a  a n d  A m m o n ia  W o r k s

During the war the topographic situation of soda factories in 
France was greatly criticized. These factories are, indeed, 
situated in the northeast of France, in the Lorraine region, and 
their proximity to the war zone slackened their production. 
These soda works belong to the Solvay Society, which has a 
monopoly on soda in France.

The French government, in order to escape from this monopoly, 
considered establishing a soda factory which should be the 
property of the government, under the direction of the Powder 
Service. This project has been abandoned and the government 
has favored the establishm ent of a soda factory in the southwest 
of France, in the vicinity of Bayonne. This is the factory of 
Mouguerre where Briscous sodium chloride waters are treated. 
These waters were analyzed during the war to see if there was 
any possibility of extracting in notable quantities the bromine 
which it contains.

The State has advanced to the society for the construction of 
this factory a capital of 8  million francs. In this factory sodium  
carbonate will be manufactured by the ammonia process. The  
yield will be 1 0 0  tons per day of sodium carbonate capable of 
being converted into 75 tons of caustic soda.

The participation of the State in the installation of this fac
tory is an indication that the French government intends to 
have control of factories useful in case of war. T hat which has 
just .been done in the case of soda has also been done in the  
case of ammonia.

The Finance Committee of the House has approved the project 
on the manufacture of synthetic ammonia. The contract of 
1919 between the M inistry of Industrial Reconstruction and the 
Badische Anilin und Soda Fabrik has just been carried out—  
that is, the ancient powder mill of Toulouse has been equipped 
to produce nitrogen by the Haber process.

The society is formed with a capital of 50 million francs, 
which has been subscribed by the syndicates, corporations, 
and agricultural associations, by the Chambers o [ Commerce, 
the syndicates of chemical products and the workmen’s syndi
cates, of 20 million; the other 30 million were furnished by .the 
State. The society will be governed by a council of administra
tion formed of technicians and representatives of consumers of 
nitrogenous fertilizer.

This form of constitution of the society is evidently a compro
mise between a monopoly pure and simple, such as exists over 
the Powder Service, and administration by a private society. 
In France, at the present time, monopolies are being strongly 
opposed; those of pow’ders and matches, for example, are being 
severely attacked, and it has been demanded that these monopo
lies be leased to the commercial societies. The ammonia proj
ect is a compromise between the two system s until absolute  
control of the State is admitted in the society; but it appeals to 
the capital coming from the consumers’ societies, and especially 
from cooperative societies where only the small capitalists are 
represented. This project will probably be opposed by a certain 
portion of Parliament, who consider it too much of an under
taking for the State.

The scarcity of nitrogen in France is great, since Germany 
imports some of it  by right of the reparations. The wheat 
crop having been deficient this year, during the discussion of 
the budget of the M inistry of Agriculture the deputies insisted  
on the necessity of obtaining a new source of fertilizer supply. 
The calcium phosphates from the region of the Bourgogne have 
been recommended as a substitute for superphosphates, which, 
used in a very finely powdered condition, would give results 
analogous to  the superphosphates, but the cost of pulverization 
of this calcium phosphate is such that the superphosphates seem  
at the present tim e to be less objectionable.

In connection with this superphosphate industry, it is known 
that one of the great inconveniences of this industry is in the use

of sacks of cloth or jute, which because of the acidity of the su
perphosphate cannot be used for any length of time. Mr. 
Bruno, general inspector of the laboratory of the M inistry of 

• Agriculture, has perfected a process for treating these sacks 
using a sizing of algae or seaweed; the sacks thus treated can 
be put in contact with the acid superphosphates without being 
destroyed, and are used a great number of times. This process 
is now used on a large scale by the factory at St. Gobain.

A l s a t ia n  P o t a s h

In regard to Alsatian potash also the government project 
has just been settled. I t  provides for the formation of a society  
composed of the professional syndicates of consumers of potash 
which will be the property of the mines under the control of 
the State. The agricultural syndicates will have 50 per cent of 
the proprietary rights of the mines; 1 0  per cent will be given to 
the French chemical industries; 20 per cent to the departments 
of the Chambers of Commerce of Haut-Rhin, Bas-Rhin, and 
Moselle; 15 per cent to the particular holders of the parts or 
"kuxes” possessed previously by them; and finally, 5 per cent of 
the property will be given to  the personnel operating the mine. 
The selling price will be fixed by the State, and exportation will 
only be authorized after the needs of our own country are assured.

I n t e r n a t io n a l  F o o d s t u f f s  L a b o r a t o r y

The French government, in carrying out the international 
conventions passed in 1913, is going to establish the international 
laboratory for the purpose of standardizing the methods of analy
sis of foodstuffs used in the different countries.

The chem ists of all nations will work at this laboratory. 
Although America has not yet agreed to this convention, it would 
be desirable that American chemists having worked in the lab
oratories of W ashington (Bureau of Chemistry) be assigned to this 
laboratory. There has also been installed in the Service of the 
Institute of Agronomic Research, someone in charge of studying 
the rational utilization of foods for men and animals. The 
calorimetric m ethods of Atwarter and all the American studies 
on the chemistry of nutrition will be largely investigated in these 
new services.

I n s t i t u t e  o f  C e l l u l o s e

T he establishment of an Institute of Cellulose is being con
sidered in France. The large quantities of wood which we have 
in our colonies ought to make it possible for us to obtain cel
lulose in abundant quantities. Heim, Rorick, and Maheu have 
just been studying the oaks of Indo-China. The cellulose con
tent of these oaks varies between 30 and 40 per cent.

The studies on cellulose will be centralized in the region of 
Grenoble where the Institute of Cellulose will be situated. 
This Institute will include an office of documentation for the 
cellulose industry, a laboratory for the preparation of the cel
lulose with models illustrating the processes of electrolytic 
bleaching, by sulfite, etc. This laboratory will study also the 
manufacture of viscose and of artificial silks, as well as the 
nitrocelluloses, cellulose acetates, and celluloid. The moving 
picture industry ought to contribute in large part to the estab
lishm ent of this Institute.

Mr. Lemoine, dean of the Section of Chemistry of the Academy 
of Science, has recently died. A mining engineer and professor 
at the Polytechnic School, Mr. Lemoiu has published several 
books on the allotropy of phosphorus and its sulfide. To him  
also we owe excellent studies on chemical equilibrium and dis
sociation.

December 1, 1922

The American Paper and Pulp Association has voted to raise 
$ 1 0 , 0 0 0  to finance a study of the relation of the degree of decay 
to the pulping value of wood, w ith special reference to improv
ing present methods of grading pulp wood. T he investigation  
is to be carried out in cooperation w ith the Forest Products 
Laboratory. The action was taken at a recent meeting of the 
woodlands section and was based on a tentative outline for the 
proposed investigation which had been prepared by the labora
tory.
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Personals Industrials
Mr. M . G. Donk has reported for duty w ith the Chemical 

Division of the Tariff Commission and probably will be assigned 
to special work on heavy chemicals.

Dr. W . Grenville Horsch has resigned as research associate in 
the Research Laboratory of Applied Chemistry of the M assa
chusetts Institute of Technology, to  accept a responsible research 
position in the laboratory of the Chile Exploration Company in 
N ew  York City.

Dr. P eter Feiberger, a color specialist, has been appointed  
chief of the D ye Investigation Laboratory of the Customs D ivi
sion of the Treasury Departm ent in N ew  York. H e will be in 
charge of the comparative tests on coal-tar products, which are 
necessary under the new Tariff Act, and will also assist in the 
tariff standardization work. Three assistant chem ists will be 
appointed to assist him  in his work.

Mr. F. W. M cSperron, of W ilmington, Del., has been appointed  
specialist in chemical cost accounting in the Chemical Division  
of the Tariff Commission.

Prof. Robert T. H aslam , director of the School of Chemical 
Engineering Practice, has been appointed director of the R e
search Laboratory of Applied Chemistry of the M assachusetts 
Institute of Technology, to succeed Dr. R. E. W ilson who re
cently resigned.

Dr.'J. E. Teeple will sail for Europe on January 2 on a business 
trip and will be gone about four weeks.

Mr. J. M . W eiss, director of developm ent of The Barrett Co., 
and Mr. Charles R. Dow ns, a t one tim e chief chem ist of The 
Barrett Company and more recently research group head of the 
National Aniline and Chemical Co., have formed a partnership, 
effective January 1, with offices in N ew  York. T hey will specialize 
in coal-tar manufacture and utilization, and in general catalytic  
processes. Chemical engineering will be a feature of their 
activities.

Mr. Jerome Alexander has opened an office in the Chem ists’ 
Building, N ew  York City, as consulting chem ist and chemical en
gineer, w ith special experience in colloid chem istry and its appli
cation.

Prof. W alter G. W hitman, formerly assistant professor of 
chemical engineering, has been appointed assistant director of 
the Research Laboratory of Applied Chem istry of the M assachu
setts Institute of Technology.

M r. A. A. H eller has taken over the m anagem ent of the Inter
national Oxygen Company. H e succeeds Mr. L. W. Hench, 
secretary and general manager, who has resigned.

M rs. Florence Burlingame, formerly research assistant with 
the War Trade Board, has joined the Chemical D ivision of the 
Tariff Commission. Mrs. Burlingame specialized in the chemi
cal dye statistical work in the War Trade Board, and her work 
a t the Tariff Commission will be along similar lines.

Mr. Gaston D u Bois, president of the M onsanto Chemical 
Works, sailed from N ew  York for Europe on Novem ber 7 for a 
six weeks’ business trip.

M r. C. S . Gwynne has resigned as chem ist in the Forest Prod
ucts Laboratory to become chief chem ist for the Arrowhead 
Mills, Inc., Fulton, N . Y.

Dr. Victor Yngve has resigned his position with the Hydrol 
Co., Niagara Falls, N . Y ., to accept a research fellowship in 
Cryogenic Engineering at Harvard University.

Dr. M innie A. Graham, who has been acting professor of 
chem istry at W ells College during the past year has been ap
pointed associate professor of chem istry a t M ills College in  
California.

Prof. L. A. Fitz has resigned his position at the Kansas State  
M illing Departm ent to accept a position w ith The Fleischmann  
Co., N ew  York, N . Y ., where he will be in charge of wheat, 
flour, and bread research work. .

Mr. W illiam C. M clndoe has joined the technical staff of the 
Portland Gas & Coke Company. H e is also acting as assistant 
to the professor of mechanics and testing materials a t Oregon 
Agricultural College.

Dr. Frank C. Gephart, analytical and consulting chem ist, has 
established a laboratory and office at 23 E ast 31st St., N ew  York, 
N . Y.

Dr. Calvin Adam Buehler, of the Ohio S tate  U niversity, has 
been appointed assistant professor of chem istry in the Univer
sity  of Tennessee, Knoxville, Tenn.

The Board of Governors of the Synthetic Organic Chemical 
Manufacturers Association of the United States has elected  
H . F. W ilm ot technical advisor to  the association in m atters 
involving administration of Customs D uties under the present 
Tariff Act. Mr. W ilmot was president and a director of the 
T ine Tura Laboratories, Brooklyn, N . Y ., and has severed his 
connections w ith that organization in order to devote his entire 
time to his new duties w ith the association. H is office will be 
Room 1648, Equitable Building, 120 Broadway, N ew  York City.

The Supreme Court of N orth Carolina has rendered a decision 
of interest to  all fertilizer concerns doing business in that state. 
The statutes of N orth Carolina provide that no claim for damage 
to a crop by commercial fertilizers can be maintained unless a 
sample of the fertilizer was properly drawn and analyzed by the 
state chemist. A farmer who had failed to  have such an analysis 
made refused to pay his fertilizer note and brought a counterclaim  
against the fertilizer com pany for damage to his crop supposed to 
have been caused by the presence of borax in the fertilizer. 
The court decided in favor of the fertilizer company, and the  
decision has now been confirmed by the Supreme Court.

I t  is reported that Arghan, the new textile fiber discovered by  
Sir H enry W eckham, the pioneer of the plantation-rubber 
industry, has qualities unsurpassed by any other textile, being as 
strong as steel, bulk for bulk. Its tensile power is recorded as 
50 per cent superior to that of the best flax and hemp. The  
cloth is very firm and takes dyes well.

A German corporation has been organized, w ith the participa
tion of the Badische Anilin und Soda Fabrik and a number of 
German textile producers of the lines which are interested in the  
production of high-grade substitute fabrics, to exploit in Germany 
and surrounding countries the textile inventions of Dr. W ilhelm  
Schweitzer. It is stated that an English com pany has been 
formed to  exploit the processes in China and Japan. One proc
ess relates to the manufacture of a fabric similar to  raw silk  
from vegetable substitutes claimed to be immune to water baths. 
The second process is intended to enable the manufacture of high- 
grade yarns out of all sorts of the low-grade wool and wool waste. 
The product is claimed to have appearance and texture of pure 
silk, and to have warming qualities higher than ordinary wool. 
T he third process relates to the manufacture of artificial silk  
from cheap and medium-priced wool and animal fibers in com 
bination w ith waste products of the artificial silk and pure silk 
industry. The fourth process enables manufacturers of arti
ficial silk to  give it the luster, feel, and appearance of high- 
quality silk. B y the fifth process, flax fibers are to be made into 
artificial raw silk.

Agronomists of five tnidwestern states— Ohio, Indiana, M ich
igan, M issouri, and W isconsin— have agreed on a list of 13 
standard fertilizer formulas in addition to straight acid phos
phate, which will m eet all the fertilizer requirements of their 
states. Each state college of agriculture is now to  select 1 2  

formulas, including acid phosphate, and to urge farmers not to 
buy other mixtures, nor to mix at home in any other proportion 
of ammonia, phosphoric acid, and potash. Officials of 13 fer
tilizer companies, consulted as to  the commercial practica
bility of the scientists’ formulas, said all could be mixed and th a t  
standardization on this list will cut costs per unit of plant food 
by elim inating the present m ultiplicity of low-analysis brands. 
N o fertilizer on the list contains less than a total of 16 per cent 
ammonia, phosphoric acid, and potash.

I t  is reported that several fertilizer manufacturers are pro
ducing calcium arsenate as a side line, intending to sell it  only 
for cash, preferably to  their fertilizer customers, a t as low a 
price as possible, the purpose being not to make big profits on  
calcium arsenate, but to  provide protection for the cotton of 
their customers.

The Hartford-Empire Co., of Hartford, Conn., which controls 
the Hartford-Fairmont Co., has contracted for the control of the  
business and patents of the Howard Autom atic Glass Feeder 
Company. The Hartford-Fairm ont Co., which is the chief 
representative in the developm ent of autom atic glass feeding 
machines em ploying the new gob process, has recently been 
am algamated w ith the Empire M achine Co., a leading repre
sentative in developing machinery for blowing and forming 
paste mold ware in general, and especially electric light bulbs. 
The company will be connected by close contract relations 
with the Com ing Glass Works.
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B O O K  R E V IE W S

Van Nostrand’s Chemical Annual. Fifth Issue, 1922. Edited
by J o h n  C. O l s e n .  D . Van Nostrand Co., N ew  York.
Price, $4.00.

One hundred years ago numerical data on chemistry were 
relatively unimportant. To-day tables, charts, and mathematical 
functions ad infinitum  compose the fundamental base from 
which arise the v ast towers of scientific structure. As the 
chemical era progresses in complexity, it  becomes increasingly 
imperative to have easily available these basic data freed from 
the nonpabular quicksands. Thus, "Van N ostrand’s Chemical 
Annual” was conceived in necessity; since 1909 chemists have 
not been w ithout this needed utility in the architecture of their 
science. Such an instrument, now issued for the fifth time, truly 
m ust be of worth.

T he style, general content, and inherent conciseness of the 
Chemical Annual have been commended repeatedly in previous 
reviews in T h i s  J o u r n a l .  The last edition does not vary greatly 
from the former: physical constants, gravimetric factors, calcu
lation aids for volumetric analysis, specific gravity and vapor 
tension tables, measurement equivalents, thermochemistry, 
and stoichiometry. Just here, however, is the difficulty. If 
the book were unrevised, still its value would be great. B ut 
in the processes of revisions, it  has been customary to presume 
concom itantly progressive improvement. W hile the reviewer 
appreciates the Gargantuan attem pt of the editors to digest the 
m any rivulets of scientific information, yet he feels that too much 
of the epitomized content is sim ply predigested material—  
too much is reprinted. Few of the footnotes refer to recent 
literature. Compounds now made in the United States, 
prides of American chemistry, are not mentioned, particularly 
such medicinals as procaine (aminobenzoyl-diethylamino- 
ethanol hydrochloride), barbital (diethylbarbituric acid), 
dnchophen, bcnzocaine, benzyl succinate; even arsphenamine 
is omitted, about which more chemistry has been written than 
probably any other compound. There seems to be little value 
in the numerous problems in stoichiometry; they are reminiscent 
of the classic "ponies.” N or is there need of so much valuable 
space devoted to the list of new books; instead, tables on various 
pH  values or partition coefficients would be of decided help. 
The equations for volumetric com putations are at times too rigid 
and their genesis is of the "paper chem istry” protype; it is sug
gested th a t in future editions some of the equations could be 
explained better from the electronic viewpoint.

One fault, the inconsistency of us scientists, is revealed 
by this book. Our organizations and leaders are encouraging 
the universal em ploym ent of the metric system . Yet, in actual 
practice we stand condemned. Tables used every day are 
printed side by side in Fahrenheit and Centigrade, while specific 
gravities occur a t two or three "standard” temperatures.

N otw ithstanding the criticisms, the book deserves high praise: 
it is undoubtedly valuable; it  is compact; it is reasonable in 
price. The technologic make-up is excellent, reflecting to the 
credit of both the editors and the printers. Particularly pleas
ing is the dedicatory courtesy—an excellent photogravure 
reproduction of Theodore W. Richards. John Tulloch has 
well said: "Scientific facts, unlike facts of mere contingency or 
incident, are truths of nature which, once discovered, adm it of 
repeated verification.” So to Dr. Richards, workers in scientific 
realms are glad to join w ith the editors of scientific data to pay  
homage for the "truths of nature,” he has given us; they will

constitute precious contributions in future editions of such 
books as "Van Nostrand’s Chemical Annual.”

P a u l  N ic h o l a s  L e e c h

Liquid Fuel and Its Apparatus. B y  W. H. B o o t h ,  F. G. S. 2nd
edition. E. P. D utton & Co., N ew  York. Price, $4.00.

The first edition of this treatise was published in 1912 as an 
abridgment of the author’s larger work, "Liquid Fuel and Its 
Combustion” (Constable & Co., 1902). The plates of the  
first edition have been used, without even the correction of 
rather numerous typographical errors and incorrect statem ents. 
N ew  material equal to about four pages has been added as 
paragraphs at the ends of some of the chapters where blank 
space was available and as inserted pages (265-A  and 269-A ). 
These sections are dated 1921.

Inaccuracies and careless statem ents are frequent, particularly 
in those sections dealing w ith chemical subjects. On page 50, 
Russian petroleum is stated to be composed of hydrocarbons 
of the olefin series, while Beaum ont (Texas) petroleum is said 
to be characterized by the presence of members of the acetylene  
and benzine (sic) series. The "Bombe” calorimeter is men
tioned on page 63. The surprising statem ent that there are 
thirty different hydrocarbons in crude petroleum appears on  
page 64. The distillation of petroleum with steam  is described 
as a solution of the petroleum by the steam, an effect peculiar 
to steam (page 64).

In attem pting to  cover such subjects as materials of con
struction (steel, refractories, flue gas analysis, etc.), it  has been 
necessary to lim it the space assigned to more important topics. 
The description of the various types of liquid fuels available is 
inadequate. The common misstatem ent that Texas and Cal
ifornia petroleums are used principally in the crude form, is 
repeated (page 45).

The second section of the book, "Practice,” is perhaps more 
satisfactory. However, a thoroughgoing revision would un
doubtedly have effected many changes here also. An adequate 
critical discussion of the various types of burners and furnaces 
is lacking. \v .  F .  F a r a g h e r

A. S. T. M . Tentative Standards, 1922 . 774 pp. Illustrated.
American Society for Testing Materials, Philadelphia, 1922.
Paper, $7.00; cloth, $8.00.

The method adopted by the A. S. T . M . for arriving a t its 
standards by inviting criticisms of tentative standards is too  
well known to require comment here. The present volume 
presents 163 tentative standards chosen by the various committees 
of the society as best in each case treated, to  which the attention  
of workers in the several fields is directed. The classifications 
covered by these tentative standards are: Ferrous M etals, Non- 
ferrous M etals, Cement, Lime, Gypsum and Plaster, Preserva
tive Coatings, Petroleum Products and Lubricants, Road M a
terials, Coal and Coke, Waterproofing, Insulating Materials, 
Shipping Containers, Rubber Products, Textile M aterials, and 
Miscellaneous. Under these headings are given methods of 
analysis and tentative specifications for these materials. In  
this connection it m ight be noted that approximately half of 
the tentative standards here published are either new or have 
been revised for this volume. Suggested revisions and criti
cisms occupy a small section of the book. Certainly this pub
lication represents the latest and best compilation o t  m atter of 
the kind at present available.
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The Properties of Electrically Conducting Systems. Mono
graph No. 7. B y C h a r l e s  A. K r a u s .  415 pp. The Chemical 
Catalog Co., Inc., New York. Price, $4.50.

Another valuable contribution has been made to the Mono
graph Series. As the author indicates in his preface, the 
importance of "our conceptions of matter in the ionic condition” 
may readily be shown to account for the rapid strides made in 
the last few decades in the development of chemistry and molec
ular physics. The author has collected and correlated a vast 
amount of literature, together with the result of much work 
that he personally has done or been in direct contact with.

Owing to the meager data available on this subject, much of 
the matter presented is purely empiric, but careful consideration 
and analysis are given to the various theories advanced in re
cent years, so that a clearer understanding may be had of the 
various conclusions reached by many investigators in their at
tempts to establish laws relating to ionization. Obviously, the 
greater part of the book is devoted to the properties of electro
lytic solutions.

The conductance of gaseous systems is not discussed, since 
"they have been treated extensively in treatises” dealing ex
clusively with gaseous conducting systems: Metallic con
ductors are discussed in the closing chapter of the book. The 
properties of metallic systems are less widely known than elec
trolytic solutions, but the author carefully outlines the relations 
between conductance temperature, composition, and pressure 
of metals, both solid and liquid. The author closes his text with 
scant reference to theories of metallic conductance, referring the 
reader to the references given by Koenigsberger.

The various theories relating to electrolytic solutions are 
clearly explained in the text and their limitations pointed out. 
It is made plain that no one theory is adequate to explain the 
multiplicity of phenomena occurring in electrolytic solutions. 
References to original work are given fully and frequently 
throughout the text.

Mathematical derivations are given with the usual familiar 
symbols, and the equations arc clearly set forth and can be 
readily referred to.

More care could have been used in the preparation of graphs. 
The value of those as given would be mainly for illustration of 
the various phenomena described, and not for detailed use.

As a textbook, this volume should be of great value for in
struction in the theory of ionization as a part of the student’s 
training in physical chemistry, as well as a reference for all 
those interested in ionization phenomena.

P .  E. L a n d o l t

Physical and Chemical Examination of Paints, Varnishes, and 
Colors. By H. A. G a r d n e r .  215 pp. and appendix. Pub
lished by Scientific Section, Paint Manufacturers’ Association 
of the United States, Washington, D. C. Price, $9.00.

There is a need in the paint and varnish industry for a more 
thorough standardization of specifications for both raw materials 
and finished products. Such standardization naturally involves 
the development of methods of physical and chemical examina
tion which will be accurate in the hands of the average analyst.

The Scientific Section, Educational Bureau, Paint Manufac
turers’ Association of the United States, under H. A. Gardner as 
director, has been active in advocating such standardization, 
and through its extensive cooperative work has been an im
portant factor in the success of the efforts of the American So
ciety for Testing Materials, the Federal Specifications Board, 
State Regulatory Laboratories, and other agencies interested in 
the standardization of methods for evaluating paints and paint
ing materials. The copies of the IS U. S. Interdepartmental 
Specifications appearing as an appendix to the book furnish 
evidence of the success of this cooperative work.

The volume is practically a compilation of methods and data

presented from time to time through bulletins by the author as 
director of the Scientific Section. The methods and apparatus 
described are those in use in the author’s laboratory and, while 
not all of them have been accepted by the trade in general, 
their presentation in this form has served a useful purpose if the 
book proves to be instrumental in bringing more closely together 
the producer and consumer of paint and varnish products.

E. E. W a r s

The Chemical Engineering Library. Benn Brothers, Ltd., Lon
don, 1922. Price, 3s. net, each.

Every chemist entering a plant and every man already in a 
plant feels at one time or another the need of some knowledge of 
the wide field of plant equipment in fields other than the narrow 
one in which he works. Frequently, plant men of various classes 
are well informed on the actual operation of the machines under 
their immediate charge, but are completely ignorant of the fun
damental principles involved and their application to other ma
chines. This applies as well to the laboratory worker, who is 
accustomed to carry out extensive researches in glass with little 
or no thought of later plant equipment, as to the plant worker, 
whose attention is devoted solely to the operation of a single 
tool carrying out a single reaction. It is to fill the need of these 
men that the Chemical Engineering Library is being compiled.

The individual units of the series, of which five have been 
published, are compact in make-up both as to thought and bind
ing. Possibly they lack something in durability, being bound 
rather for the library or desk than for withstanding the wear and 
tear of the reader’s pocket. The titles so far published include: 
“ The General Principles of Chemical Engineering Design,”  
by Hugh Griffiths; "Materials of Construction: Nonmetals,” 
by Hugh Griffiths; "Weighing and Measuring of Chemical 
Substances,” by H. L. Malan and A. I. Robinson; “ The Flow of 
Liquids in Pipes,” by Norman Swindin, and "Chemical Works 
Pumping,” by Norman Swindin.

The Chemical Engineering Catalog. 7th Annual Edition. 1187
pp. quarto. The Chemical Catalog Co., New York, 1922. Price,
$10.00. Leasing fee, $2.00.

The place of the Chemical Engineering Catalog in the working 
libraries of chemical men has been too well established by the 
first six annual editions to call for comment here. The com
pilation of engineering data on chemical plant equipment is 
the only one of its kind in the world, and serves admirably to 
give the prospective purchaser of such materials a proper per
spective of his sources of supply. Second in importance to this 
feature is the catalog of chemical products and raw materials, 
together with their sources of supply. These two sections of 
the book are well indexed in a preceding section of about 220 
pages. In this index is to be found the real improvement of this 
edition over those previously offered. References and cross 
references both to equipment and materials have been greatly 
amplified and the list of sources expanded. A  change in the 
system of indexing to a more logical arrangement of the names of 
chemical compounds has made the finding of any item sought 
much easier.

The book section of the catalog has shown a gradual growth, 
and offers a list of most recent books of interest to the chemical 
profession, together with short summaries of each. The ser
vice offered by the publishers of the catalog in supplying books 
of any publishers at publishers’ prices is gaining in popularity.

The effect of the unfortunate financial condition of the in
dustry is noted in the slight reduction in the number of pages 
in this edition. However, the growing popularity of the cata
log as a reference work and the continued use to which it is put 
are well illustrated by the fact that the reduction in this instance 
is considerably less than the proportionate reduction in space 
taken in other advertising mediums.
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N o tic e — Commerce Reports are received by all large libraries and may be 
consulted there, or single numbers can be secured by application to the Bureau  
o f Foreign and Domestic Commerce, Department o f Commerce, Washington,
D . C. The regular subscription rate fo r  these Commerce Reports mailed 
weekly is tJ.OO per year (10 cents per single copy), payable in  advance to the 
Superintendent o f Documents, Government Printing Office, Washington, D . C .

November
T he month of October marked a  sharp decrease in Chilean 

nitrate sales. (Pp. 328-9)
T he United States supplied 62 per cent of the world’s produc

tion of crude petroleum in 1921 and imported an additional 17 
per cent, chiefly from M exico. W hile official statistics showing 
1921 imports are not available for all countries, it  is estim ated  
th at approxim ately 58 per cent of the world’s importation of 
mineral oils in 1921 came from the United States. (Pp. 338-40)

Large distributors of petroleum products in the United K ing
dom have made drastic cuts in prices of gasoline, kerosene, and 
aviation spirit. (P. 341)

A new and valuable deposit of iron ore lias just been discovered 
near Ipoh in the Federated M alay State of Perak. (P. 350)

Basic slag containing 15 to  20 per cent of phosphoric acid is 
produced by the Thomas steel factories in Belgium a t the rate 
of about 1 ton of slag to every 4  tons of steel. (Pp. 355-6)

T he price on citrate of lim e in Ita ly  has been fixed for the 
seasons of 1922 and 1923 a t 600 lire per 100 kilos. (P. 356)

French quotations for African phosphate rock are cited. (P. 
356)

T he production of crude petroleum in Formosa during 1920 
and 1921 was 333,500 gal. each year, w'ith a value of $108,175 
in 1920 and $93,135 in 1921.

T he British Government Petroleum Departm ent on first of 
October became a section of the Board of Trade. (P. 403)

Gasoline is sold in the c ity  of Brest and its environs a t a much 
higher price than in m ost other centers of France. I t  is believed 
that if it  were imported directly into Brest, instead of passing 
through an intermediary point, there would be a good oppor
tun ity  for trade in that district. (P. 403)

Continued improvement is shown in the United States export 
trade in chemicals. Exports of chemicals and allied products 
for the first 9 mo. of 1922 still fall below the totals for the 
corresponding period of 1921, but the proportion of decreases 
continues to diminish until the margin is only one-half of 1  per 
cent. (P. 404)

T he use of American chemical fertilizers in Sicily has shown a 
marked increase during the past few years, and American prod
ucts have a ready sale and good reputation. (P. 405)

Plans are being perfected for the further developm ent of an 
atmospheric nitrogen products industiy  in British Columbia. 
(P. 405)

Conditions in the German wood-pulp and paper industry are 
described. (Pp. 418-9)

Japanese pulp production has been restricted by suspending 
the operations of two factories, and the manufacture of bleached 
pulp will be undertaken with a  view  to checking importations. 
(P. 419)

A schedule of modifications in the Spanish custom s tariff is 
cited for the following products: pulp wood; crude cod-liver 
oil; refined cod-liver oil; other crude animal oils, including 
whale oil; oxalic acid and commercial oxalates; nitrate of soda. 
(P. 430)

T he import prohibition on coal-tar products into Italy has 
been removed. Fuel oil has been placed on the free list and 
im portant changes have been made in the import duties on coal- 
tar dyes and intermediates. - (P. 431)

Italy  has removed her export embargo on aluminium scrap. 
(P. 431)

The Bureau of Public H ealth in Peru is authorized to super
vise and standardize the sale of drugs and m edicines. (P. 436)

A compilation of Berlin chemical w ages is given which illus
trates the rapidity w ith which such wages have increased since 
June 1922. (P. 440)

Germany’s imports of Chilean nitrates showed a marked 
decline in 1921, which is explained by the enforcement of a more 
rigid import control and by a loss of purchasing power, as well 
as by the developm ent of domestic production through air 
fixation. Her present estimated production of nitrates for 
fertilizers is about 350,000 tons of pure nitrogen content an
nually. Inland consumption absorbs by far the greater part of 
the home production, as the needs of German agriculture were 
never greater. (P. 471)

A recent survey of the local drug, chemical, and pharmaceuti
cal market has brought out the fact that German manufacturers 
are firmly established in Sicily in all lines. (Pp. 471-2)

Another advance was made by the German Carbide Syndicate 
during September in the price of calcium, the new price being 
three tim es that which prevailed August 1, 1922. (P. 472)

There is a great difference of opinion in Germany as to the 
use of acid phosphate as a fertilizer. Before the war 650,000 
tons annually were used, while the present dom estic supply is
175.000 tons, m ostly Thom as slag. From experiments made 
during the past 1 0  years it  appears that the soil in various parts 
of Germany is such as to call for the use of little  or no acid 
phosphate for years a t a tim e. (P. 472)

The directors of the Anilin Interressen Gem einschaft have 
agreed to the long-expected increase in the capital stocks of the 
constituent concerns. (P. 472)

Because of the great demand from farmers, the importation of
200.000 tons of Chilean saltpeter has been sanctioned by the 
German Food M inistry. (P. 472)

A method of waterproofing cloth by means of the direct appli
cation of fresh latex, or sap, is practiced in the Departm ent of 
Beni, Bolivia. Further details of the process m ay be obtained 
from the Textile Division of the Bureau of Foreign and Domestic 
Commerce. (P. 478)

Successful experiments have been conducted in Germany in 
obtaining gas from peat. This gas produces a higher tempera
ture than is produced through the combustion of bituminous 
coal. (P. 482)

As the result of numerous tests made by the experimental 
plant a t Stockholm for the extraction of mineral oil from shale 
the general impression seems to be that the problem of profitably 
producing mineral oils from shale in Sweden has been solved, 
although the Swedish Academy of Engineering has reserved 
judgm ent pending additional tests. (P. 484)

Under the Safeguarding of Industries A ct of the United King
dom, gallic acid is dutiable a t 33 Vs per cent. (P. 502)

Because of its textile, paper, and leather industries, Czechoslo
vakia is an important consumer of coal-tar dyestuffs. Through 
long business connections and known quality of product, Ger
man dyes have an advantage. There is a certain prejudice 
against American colors because they are not known and because 
immediately after the war some American dyestuffs of poor 
quality were received. I t  is believed that this prejudice can be 
overcome, and probably the best opening for American dyes is 
in direct blacks, blues, reds, and acid colors. (P. 542)

Chile has issued a decision regarding the conditional reduction 
of import duty on naphtha and gasoline. (P. 559)

Ita ly  has removed her export embargo on pyrites. (P. 559)

S t a t i s t i c s  o f  E x p o r t s  t o  T ir e  U n i t e d  S t a t u s  

M adras— (P. 355) Bolivia— (P. 391)
N ux  vomica Tin

Sweden— (P. 363) A ustria— (P. 411)
Sulfite Copper
K ra ft pulp Lead
Sulfate pulp  Zinc

S p e c i a l  S u p p l e m e n t  I s s u e d  

Spanish T rade  in Petroleum  Products . Trade Information Bulletin  72.
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N EW  BO O K S

A ircraft S tee ls  and  M aterials . R .  K .  B a g n a l i . - W i l d , L e s l i e  A i t c i i i s o n , 
A . A .  R e m i n g t o n , A . J . R o w l e d g e , a n d  W .  A .  T i i a i n . 210 pp. 
I llu stra ted . Price, 16s. net. C onstable & Co., L td ., London.

Allotropy: T he Theory of Allotropy. A . S m it s .  3 9 7  p p . Price, $ 7 .0 0 .  
Longm ans, Green & Co., New York.

Chem ical R eactions and  T heir E quations. I n g o  W . D . I I a c k h . 13S pp. 
Price, 6s. C hapm an & H all, London.

C hem icals a nd  Allied P roducts , 1919 and  1920. 150 pp . Dom inion B ureau
of S ta tis tics, O ttaw a, C anada.

C hem istry: Cours de Chim ie. E . C h a r a b o t  a n d  C .  M i l h a u . 2nd edition. 
370 pp . Price, 11fr. D unod, Paris.

C hem istry of D ental M aterials . C. S. G i b s o n .  170 pp . Price, 12s. 6d. 
Benn Bros., L td ., London.

D efinition of Relativity. 16 pp. D efinition of the  E ther. 16 pp. Defini
tion of E quivalence. 16 pp . D efinition of Iso topes. 20 pp . P . H . 
L o r i n g . Science by  D efinition Series. Price, Is. each. H . O. L loyd 
& Co., L td ., London.

Engine-Room  Chem istry. A u g u s t u s  H .  G i l l . 3rd edition. 174 p p .
Price, $2.00. M cG raw -H ill Book Co., Inc ., New Y ork.

F o o d :  R e p o r t  o f  t h e  F o o d  I n v e s t i g a t i o n  B o a r d  f o r  t h e  Y e a r  1921. D e p a r t 
m e n t  o f  S c i e n t i f i c  a n d  I n d u s t r i a l  R e s e a r c h . 47 pp. P r ic e ,  2s. 
H . M . S t a t i o n a r y  O ff ic e ,  L o n d o n .

G asw orks C hem istry: M odern  G asw orks C hem istry. G e o f f e r y  W e y m a n .
184 pp . Price, 25s. Benn Bros., L td ., London.

G elatin : D ie Fabrikation  von Leim  und  G elatine. L u d w i g  'Th i e l e . 189 
pp. Price, 80 cents. M ax Janecke, Leipzig.

H andbook: A gendas D unod 1 9 2 3 . 1 2  volum es. Price, 10  fr. 4 0  each.
A genda Chimie. E m i le  J a v e t .  4 2 5  p p .  A genda M étallurgie. 
L o u is  D e s c r o i x .  3 1 2  p p . A genda Physique Industrie lle . J . I z a r t .  
3 1 5  p p . D unod, Paris.

Incandescen t Lighting. S. I .  L e v y . 129 pp. Price, 3s. S ir Isaac P itm an  
& Sons, L td ., London.

In te rn a l Com bustion E ngine. H . E . W imperis. 4 th  edition, revised and 
enlarged. 320 pp . I llu stra ted . Price, 12s. Od. net. C onstable & 
Co., L td ., London.

Iron  O re. P a r t  VI. Europe and  Africa (Foreign). Sum m ary of Info rm a
tion  as to the  R ecen t and  Prospective Iron -O re  Supplies of the  W orld. 
I m p e r i a l  M i n e r a l  R e s o u r c e s  B u r e a u .  275 pp. Price, 6s. H . M .  

S ta tionery  Office, London.
L aboratory H andbook of B iochem istry. P .  C. R a i m e n t  a n d  G. L. P e s -  

k e t t . 102 pp. Price, 5s. Edw ard  Arnold & Co., London.

L ubrication  and  L ubricants. J  H .  H y d e . 114 pp. Price, 2s. 6d. E d 
w ard A rnold & Co., London.

M echanical L aboratory M ethods. T he  T esting  of In s tru m en ts  and  M a
chines in th e  M echanical L aboratory and  in P rac tice . J u l i a n  C. 
S m a l l w o o d .  3rd edition, revised an d  enlarged. 437 p p .  112 illus
tra tio n s . Price, $3.50. D . Van N ostrand  Co., New Y ork.

N itrogen Industry . J .  R . P a r t i n g t o n  a n d  L. H . P a r k e r . 335 pp . Illu s
tra te d . P r ic e ,  21s. net. C onstable & Co., L td ., London.

O re: Technical M ethods of O re Analysis for C hem ists and  Colleges.
A l b e r t  II . Low . 348 pp. Price, $3.50. John  W iley & Sons, Inc., 
N ew York.

O rganic Syn theses. Vol. I I . J a m e s  B r y a n t  C o n a n t , H a n s  T h a c h e r  
C l a r k e , R o g e r  A d a m s , a n d  O l i v e r  K a m m , E ditors. 100 pp . Price, 
$1.50. John  W iley & Sons, Inc ., New York.

P rac tica l Chem ical Physiology. W . W . T a y l o r . 70 p p .  Price, 4s.
E dw ard  A rnold & Co., London.

R u b b er: Les Colloïdes dans l’Industrie . Le Caoutchouc. P a u l  B a r y .

255 pp . Price, 32 fr. 50. D unod, Paris.

R are  M eta ls: f Les M étaux  des T erres R ares. J . F . S p e n c e r . 2S0 pp .
Price, 36 fr. D unod, Puris.

Supervised S tudy in  M athem atics and  Science. S .  C l a y t o n  S u m n e r . 
241 pp. Price, $1.40. T he  M acm illan C o . ,  N ew Y ork.

Sw iss In d u stry : R apport su r le Com m erce e t l’In d u strie  de la Suisse en
1921. 438 pp . Price, 9 fr. Secré taria t de l'U nion Suisse du  Com
merce e t de l'In d u strie , Zürich.

Synthetic Coloring M atte rs: D yestuffs Derived from  Pyrid ine, Q uinoline, 
Acredine, and  X anthrene. J . T . H e w i t t . 405 pp . ' Price, 14s. Long
m ans, Green & Co., London.

Volatile Oils. Vol. II I . E . G i l d e m e i s t e r  a n d  F r . H o f f m a n . 2nd edition, 
transla ted  by  E. K r e m e r s . 777 pp. Price, 32s. Longm ans, 
Green & Co., London.

R E C E N T  JO U R N A L  A R T IC L E S

Alkaloids: R ecen t Developm ents in the  C hem istry of Alkaloids. N o r m a n  
E v e r s . The Chemical Age (London), Vol. 7 (1922), N o .  176, pp.
594-98.

Atm ospheric D ust. J . S. O w e n s . Journal o f the Society o f Chemical In 
dustry, Vol. 41 (1922), No. 20, pp . 438r-43r.

Biochem ical D ifferentiation of B acteria. H o m e r  W . S m i t h . American  
Journal o f  Hygiene, Vol. 2 (1922), N o. 16, pp . 607-55.

Catalytical Activity of Copper. O . W . B r o w n  a n d  C .  O . H e n k e . Journal 
o f Physical Chemistry, Vol. 26 (1922), N o. 8, pp . 713-27.

Cellulose: L’In d u strie  de la Cellulose en  France. A. R .  d e  V a i n s . Chimie 
et Industrie, Vol. 8 (1922), N o. 4, pp. 767-81.

C hem istiy  as an  Aid in  th e  D etection  of C rim e. H e n r y  L e f f m a n n . Am er
ican Journal o f Pharmacy, Vol. 94 (1922), N o. 11, pp . 691-99.

Chrom e T anning: M odern  P roblem s in Chrom e Tanning. D o n a l d

B u r t o n .  Journal o f the Am erican Leather Chemists Association, Vol. 
17 (1922), No. 11, pp . 555-65.

Coal: Com parison of F ro th  with the  T ren t P rocess. O l i v e r  C. R a l s t o n . 
Coal Age, Vol. 2 2  (1922), No. 23, pp . 911-14.

Coal: Le Chauffage au  C harbon Pulvérisé des C haudières e t des Fours en 
G énéral. P a u l  E r i o n . Chimie et Industrie, Vol. 8 (1922), No. 4, 
pp . 736-57.

Coke: T he  S tiu c tu re  of Coke: Its  Origin an d  D evelopm ent. S i r  G e o r g e  
B e i l b y . Journal o f  the Society o f Chemical Industry, Vol. 41 (1922), 
N o. 21, pp. 341/-47/.

F luorspar and  I ts  U ses. G. H .  J o n e s . Blast Furnace and Steel P lant, V o l. 
10 (1922), N o. 11, pp. 563-67.

G as: T he Sam pling and  Analysis of Autom obile E xhaust G as. A. C. 
F i e l d n e r  a n d  G. W . J o n e s .  Journal o f the F ranklin  Institute, Vol. 
194 (1922), No. 5, pp. 613-44.

Laundry: C hem ical R esearch  in th e  Pow er Laundry  Industry . A. F . 
S i i u p p . American D yestuff Reporter, Vol. 11 (1922), N o . 10, pp . 
336-38.

L ea ther: P lan  de Travail pour l’É tude des deux Q uestions Suivantes. I — 
C aractérisation  A nalytique Individuelle des M atières T annan tes  e t des 
E x tra its. I I —R echerche des M élanges—D écèlem ent des A dultera
tions. M . J a n e t . Journal o f the Society o f  Leather Trades' Chemists, 
Vol. 6 (1922), No. 10, pp . 336-50.

L ea the r: Som e O bservations on the  H istology of B ated Skins. R ô h m  a n d  
H a a s  C o m p a n y . Journal o f the American Leather Chemists Society. 
Vol. 17 (1922), N o. 11, pp . 542-54.

R ubber: Sull’ Invecchiam ento N aturale  ed  Artificiale della G om m a Vul- 
canizzata. C , P e l i z z o l a . Giornale d i Chimica Industriale ed A p p li-  
cata, Vol. 4 (1922), No. 10, pp . 458-60.

Scientific In s tru m en ts : T he C ontrol of W orks O perations by Scientific 
In s tru m en ts . L e o n a r d  L e v y . The Chemical Age (London), Vol. 7 
(1922), No. 180, pp . 734-37.

S tee l: R epeated  S tress Failures of C onstruction S tee l and  T heir R elation 
to the  K rupp R epeated  Im pact T est. F .  R i t t e n i i a u s e n  a n d  F .  P. 
F i s c h e r . Forgitig and Heat Treating, Vol. 8 (1922), No. 11, 519-25. 
T ransla ted  from  Stahl und Eisett.

M A N U F A C T U R E R S ’ T E C H N IC A L  P U B L IC A T IO N S

Zinc: T he  Effect of Im purities on the Oxidation and  Swelling of Zinc Alu
m inium  Alloys. A booklet of 35 pages, paper of B rauer and  Peirce, 
presented  a t  th e  jo in t m eeting of the  In s titu te  of M etals Division of 
the  Am erican In s titu te  of M ining  and  M etallurgical Engineers and  the  
Am erican Foundry  m en’s Association, June  5, 1922. T h e  N e w  J e r s e y  

Z i n c  C o m p a n y , New Y ork, N .  Y.

P a r s o n s  &  P e t i t , selling agents for th e  F reepo rt Su lphur Co., have re 
cently  published a  card which shows on one side pictures of th e  loading 
of sulfur a t  th e  mines and  docks, w ith a  sh o rt description of th e  
origin and  m ining in the  U nited  S ta tes  and  Sicily, an d  s ta tis tic s  cov
ering 1892 to  1921, inclusive, em bodying production , im ports  and 
exports of th e  U nited S ta tes, and  p roduction  and  exports of Sicily. 
T he o ther side shows channels of consum ption, w ith  dom estic exports 
to  th e  different countries during  1913 and  from  1918 to  1921.
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N o tic e — Publications fo r  which price is indicated can be purchased from
the Superintendent o f Documents, Government Prin ting  Office, W ashington,
D. C. Other publications can usually be supplied from  the Bureau or De
partment from  which they originate.

Bureau of M ines

Analysis of K entucky Coals. Technical Paper 308. 92 pp . Paper, 10
cents. 1922.

B ureau  of M ines Investigates Gold in Oil Shales and  I ts  Possible Recovery. 
T h o m a s  V a r lE Y . Reports o f Investigations 2413. 1 0  p p . I s su e d
N ovem ber 1 922 .

C oal-D ust Explosion T ests  in the  E xperim ental M ine 1913 to 1918, In 
clusive. G . S. R i c h , I,. M . J o n e s , W. L. Egy, a n d  H . P. G r e e n w a l d . 
Bulletin  167. 639 pp. Paper, $1.00. 1922.

Coke-O ven A ccidents in the United S ta tes during  the C alendar Year 1921. 
W. W . A d a m s . Technical Paper 318. 34 pp . Paper, 5 cents.

C ontraction and  Shrinkage of N onferrous Alloys as R elated  to Casting 
Practice . R . J .  A n d e r s o n . Reports o f Investigations 2410. 13 pp.
Issued N ovem ber 1922.

D istillation G ases Yielded by T ren t Am algam s, and  E thylene Found  Therein  
as  a Source of Alcohol. J .  D .  D a v i s . Reports o f Investigations 2413. 
8 pp. Issued N ovem ber 1922.

F usibility  of Ash from Coals of the  U nited S tates. Bulletin  209. W . A. 
S e l v i g  a n d  A. C. F i e l d n e r . 119 pp. Paper, 15 cents. 1922.

L essons from  the  G ranite M ountain  Shaft F ire, B utte , M ontana. D a n i e l  
H a r r i n g t o n . Bulletin  188. 50 pp . Paper, 15 cents.

M ethods for D eterm ining Sedim ent in Fuel Oils. A . D .  B a u e r . Reports 
o f Investigations 2408. 4 pp . Issued October 1922.

P roperties  of Typical C rude Oils from  the  P roducing F ields of Southern  
L ouisiana and Southern  Texas. (A bstract.) N . A. C . S m i t h , A. D .  
B a u e r ,  a n d  N .  1?. L e J u e n e .  Reports o f Investigations 2 4 1 6 . 2  p p .
Issued N ovem ber 1 9 2 2 .

R eduction M ills in the  Various W estern  S ta tes in 1920. Reports o f I n 
vestigations 2287. 1 p. Issued October 1922.

T he P roduction  of Carbon Black from  N atural G as by the  H igh Voltage 
Arc. J .  J .  J a k o w s k y . Reports o f Investigations 2417. 10 pp. J s s u e d
N ovem ber 1922.

Value of Coke, A nthracite, and  B itum inous Coal for G enerating  S team  in 
A L ow -Pressure , C ast-Iron  Boiler. J . B u z a r d , J . N e i l , a n d  F . C. 
H o u g h t e n . Technical Paper 303. 56 pp. Paper, 10 cents. 1922.

Bureau of Standards

C austic M agnesia Cem ent. Circular 135. Paper, 5 cents. Issued Decem
ber 1922.

P roperties  of E lectrical Insu la ting  M aterials of the  Lam inated , P heno l- 
m ethylene Type. J . H . D e l l i n g e r  a n d  J . L‘. P r e s t o n .  Technologic 
Paper 216. P a p e r ,  30 c e n t s .

R eclam ation of U sed Pe tro leum  Lubricating Oils. W . II . H e r s c h e l  a n d  
A . H .  A n d e r s o n . Technologic Paper 223. 16 pp. Issued October
21, 1922. Paper, 5 cents.

Relative U sefulness of G ases of D ifferent H eating  Value and  A djustm ents 
of B urners for C hanges in H eating  Value and  Specific Gravity. W . M .  
B e r r y , I . V. B r u m b a u g h , J . H . E i s e m a n , G. F . M o u l t o n , a n d  G. B .  
S h a w n . Technologic Paper 222. Paper, 25 cents. Issued Decem ber 
1922.

Specification for N um bered  Cotton D uck for G overnm ent and  Com m ercial 
U se. Circular 136. 4 pp . Paper, 5 cents. 1922.

S tructu re  and  R elated  P roperties  of M etals. Circular 113. 2nd ed. 104 
pp. Paper, 25 cents. 1922.

T he Action of C harred  P ap er on the  Photographic P la te  and  a  M ethod  of 
D eciphering C harred  R ecords. R a y m o n d  D a v i s . Scientific Paper 
4 5 4 .  Paper, 5 cents. Issued D ecem ber 1922.

T he M agnetic Susceptibility and  Iron  C ontent of C ast R ed B rass. L. H . 
M a r s h a l l  a n d  R . L. S a n f o r d . Technologic Paper 221. Paper, 5 
cents. Issued Decem ber 1922.

U nited S ta tes G overnm ent Specification for Fire-E xtinguishing  Liquid 
(C arbon T etrachloride  B ase). Federal Specifications B oard S tandard  
Specification 36. Circular 134. 4 pp. Paper, 5 cents. 1922.

Bureau of the Census

P a in t and  V arnish, L inseed Oil, and  Bone, Carbon, and  Lamp Black. 14th 
C ensus of the  United S ta tes; M anufactu res, 1919. Prepared  under 
the  supervision of E . F . H a r t l e y .  22 pp . 1922.

Congress

M uscle Shoals Proposition. M inority Views. H . R . 1084, P a rt 2. 12
pp. 1922.

Resolution to Investigate Oil L eases issued under the  A ct approved F eb ru 
ary  25, 1920, en titled  "A n Act to  prom ote the  m ining of coal, phosphate, 
oil, oil shale, gas, and  sodium  on the public dom ain .”  5 . Res. 368. 
In troduced by M r. W alsh, N ovem ber 22, 1922. 5 pp. 1922.

Department of Agriculture

A M ethod of D eterm ining G rease and D irt in  Wool. D. A. S p e n c e r , J . I. 
H a r d y , a n d  M .  J .  B r a n d o n . Department Bulletin  1100. 20 pp. 
Paper, 5 cents. Issued Septem ber 1922.

A nnual R eport of the  Acting D irector of the  Fixed N itrogen R esearch 
Laboratory for the  Fiscal Year E nded Ju n e  30, 1922. 10 pp . Issued
Decem ber 1922.

B y-Products from  Citrus F ru its. E. M . C h a c e .  Department Circular 232. 
13  pp. Paper, 5 cents. 1922 .

Chem ical Changes in Calcium A rsenate  during S torage. C. C. M c D o n 
n e l l ,  C . M . S m i t h , a n d  B . R . C o a d . Department Bulletin  1 1 1 5 . 2 8

- pp. Issued N ovem ber 2 8 , 1 9 2 2 . Paper, 10 cents.

Coal-Tar and  W ater-G as T ar C reosotes: T heir Properties and  M ethods of 
Testing. E r n e s t  B a t e m a n . Department Bulletin  1036. 114 pp.
Paper, 20 cents. Issued October 20, 1922.

R eport of the Chem ist. 38 pp. Issued Decem ber 1922.

T ab les for the  M icroscopic Identification of Inorganic Salts. W. H . F r y . 
Department Bulletin  1108. 2 1 p p . Paper, 5 cents. Issued N ovem ber
6, 1922.

T he  M icroscopical Exam ination of F lour. G . L. K e e n a n  a n d  M . A. L y o n s . 
Department Bulletin  839. 1 9 2 2  ed. 3 2  pp. Paper, 5 cents.

Department of Commerce

T en th  A nnual R eport of the  Secretary  of Com m erce, 1922. 231 pp. Paper,
25 cents. 1922.

Geological Survey

Bibliography of N orth Am erican Geology for 1919-1920. J .  M .  N i c k l e s . 
Bulletin  731. 282 pp . 1922.

Copper in 1921 (G eneral R eport). H . A. C. J e n i s o n . Separate from 
M ineral Resources of the  U nited S tates, 1921, P a rt I. 47 pp. P u b 
lished N ovem ber 4, 1922.

G eneral F ea tu res  of the  Brown H em atite  O res of W estern  N orth Carolina.
W . S. B a y l e y . Prepared  in Coôperation w ith the  N o rth  Carolina 
Geological and  Economic Survey. Bulletin  735-F. Separate from 
C ontributions to  Econom ic Geology, 1922, P a rt I. 52 pp. Published 
O ctober 17, 1922.

Gold, Silver, Copper, Lead, and  Zinc in Arizona in 1921. M ines R eport. 
V . C. H b i k e s . Separate  from M ineral Resources of the  U nited States,
1921, P a rt I. 29 pp. Published N ovem ber 28, 1922.

Gold, Silver, Copper, Lead, and  Zinc in M ontana  in 1921. M ines 
R eport. C . N . G e r r y . Separate from M ineral Resources of the 
U nited S tates, 1921, P a r t  I .  29 pp. Published N ovem ber 28, 1922.

M ineral Resources of the  U nited S ta tes, 1919. P a rt I — M etals. 807 pp. 
G. F . L o u g h l i n . C loth binding.

M ineral R esources of the U nited S tates, 1919. P a rt II— N onm etals. R . W. 
S t o n e . 565 pp . C loth binding.

N itra te  Deposits in the  Amargosa Region, S ou theastern  California. L. F . 
N o b l e , G. R . M a n s f i e l d , and  others. Bulletin  724. 99 pp. 1922.

Possibility  of Finding Oil in Laccolithic D om es South of the Little Rocky 
M ountains, M ontana. A. J . C o l l i e r  a n d  S. H .  C a t h c a r t . Bulletin 
736-F. Separate from C ontributions to  Econom ic Geology, 1922, 
P a rt I I .  8 pp. Published October 31, 1922.

Sand and Gravel in 1 9 2 1 . L. M . B e a c h . Separate from  M ineral Resources 
of the  U nited  S ta tes, 1 9 2 1 , P a rt I I .  8 pp . Published N ovem ber 6,
1922.

T he  A laskan M ining Industry  in 1921. A. H . B r o o k s . Bulletin  739-A. 
Separate  from  M ineral Resources of Alaska, 1921, A. 50 pp. 1922.

T he Osage Oil Field, W eston County, W yoming. A. J .  Collier. Bulletin 
736-D. Separate  from C ontributions to  Economic Geology, 1922, 
P a rt I I .  50 pp. Published October 16, 1922.

United States Tariff Commission

Com parison of the  D utiable and F ree  L ists of the  Tariff Acts of 1909, 1913, 
and  1922. W ith Index . Prepared  by  the  U nited S ta tes Tariff Com
mission and  prin ted  for th e  use of the  C om m ittee on W ays and  M eans, 
H ouse of R epresentatives. 339 pp. 1922.

R eport on th e  Em ergency Tariff Act of M ay 27, 1921. Revised ed. 142 
pp. Paper, 10 cents. 1922.
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M A R K E T  R E P O R T —D E C E M B E R , 1 9 2 2
[S u p p l i e d  b y  D r u g

As far as spot business in chemicals is concerned, December 
saw somewhat of a falling off in buying. Contract business for 
delivery over 1923, however, has been active. Consumers, evi
dently warned by the rising prices of the past four months, are 
reported to  have signed up freely for next year’s supplies of many 
items. This m ay have been occasioned by the fact that consu
mers have been short of stocks for some tim e past, and now, ad
m itting that the market has stabilized to  their satisfaction, are 
willing to  contract for goods well in advance. W hen th is is 
compared with the hesitancy of buyers to  cover by contract a 
year ago, the condition in  itself is indicative of the changed 
general situation in the chemical market.

Spot business has been slow primarily because consumers have 
been holding down stocks of raw materials until after inventory 
taking. N o  real lack of demand is evident, as can be concluded 
from the am ount of contract business done and the general sta
bility  of prices. In spite of less demand for spot goods and goods 
for immediate shipm ent, prices have actually advanced during 
the past month. Num erous scarcities have been developed, in 
some cases to the point of acuteness. In m ost products the mar
ket shows that it  is easier to  sell satisfactorily than it  is to  buy, 
particularly in instances like cresylic acid, solvent naphtha, 
arsenic, formaldehyde, m ethanol, phenol, salt cake, Glauber's 
salt, and others. December, like October and Novem ber, was 
alm ost devoid of genuine price declines.

Reports indicate that caustic soda and soda ash are being 
signed up for delivery over 1923 on contract a t approximately 
the same terms as have ruled the spot markets during the greater 
part of 1922. Producers state th a t business has been extremely 
good during the closing weeks of the year. I t  is practically 
impossible to buy salt cake on the open market and has been for 
some weeks past. N iter cake and Glauber’s salt are also in 
small supply on spot and at producing centers. Very limited  
spot stocks of potassium  pnissiate are being held a t higher 
levels by sellers. On the rising m arket for tin m etal, tin  crys
tals have advanced. Two exceptions to the higher price rule 
during December were yellow sodium prussiate and oxalic 
acid, both of which dropped off slightly.

One of the m ost spectacular market developm ents of the past 
few months has been in wood chemicals. The rising tendency of 
all prices in this group continued to  m anifest itself during De-

&  C h e m ic a l  M a r k e t s ]

cember, w ith higher quotations noted for acetate of lime, acetic 
acid, acetone, m ethanol, formaldehyde, and other derivatives. 
Production is curtailed and has been for m any months. Excess 
stocks are about depleted and it is w ith difficulty th a t buyers have 
been able to cover requirements during the month past. Pro
ducers are entering contracts rather warily as they are still un
certain regarding next year’s supplies. Lime acetate is now $3.50, 
acetone 21 cents, m ethanol $1.25, and formaldehyde 16 cents.

Arsenic continues to  play a leading role in the market. January 
delivery is commanding 15 cents a lb. w ith little spot material 
offered. Reports indicate that consumption in 1922 aggregated 
4000 tons of A s20 3, a large portion of which w ent into the pro
duction of some sixteen million pounds of calcium arsenate for 
the cotton fields. N o  residual stocks of either remain. E s
tim ates place the requirements of calcium arseilate for 1923 as 
more than double 1922, but it  is difficult to see where the arsenic 
is coming from to  take care of this demand. Reduced smelting 
operations for several years back, owing to  low prices for both  
copper and arsenic, have permitted all surpluses to be wiped 
out. American smelters will not produce unless there is some 
assurance of a continued fair price. An arsenic shortage during 
1923 is alm ost certain.

Although stocks of cresylic acid are in bond at ports of entry, 
little is to be had on the open market owing to the fact that the 
duty has not as ye t been determined upon by the appraiser’s 
stores. Such small lots as are being sold command 90 cents per 

. gal. for any grade. During December all salicylates w ent up, 
the continued high price of phenol being the cause. T he latter 
moved to 35 cents a lb. inside, w ith only imported goods being 
offered. N o  American producer is ye t known to have resumed 
operations. Denatured alcohols are higher. Supplies of alums 
and aluminium sulfate are som ewhat reduced, w ith consequent 
rising price tendencies in the latter.

Demand for coal-tar intermediates during the m onth has been 
good w ith prices firm. Aniline oil is m oving well a t 17 cents. Di- 
m ethylaniline is firmer on position of methanol. H -acid is 
stronger on reduced, com petition. Anim al and fish oils have 
been steady and prices strong. Cod and menhaden oils are higher 
on scarcity, as the fishing season is now over and stocks are low. 
Demand for anim al oils has been active. Vegetable oils have 
been in fair demand with China-wood and linseed oils higher. 
Turpentine is easier.

Courtesy of Drug ^ C h em ica l Markets
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FIRST-HA N D  PRICKS FOR GOODS IN  ORIGINAL PACK A GES PREV A ILIN G  IN  TH E N E W  YORK M ARK ET

IN O R G A N IC  C H EM IC A L S Dec. 1 Dec. 15 Jan . 1922

Sodium A ceta te .......................... .07M .07M .04
Dec. 1 Dec. 15 Jan . 1922 B icarbonate.................100 lbs. 2 .00 2.00 2 .00

B ichrom ate......................... .07M .0734 .07MAcid, Boric, c ry st. b b ls ..............lb. . l l X .115* .122* .lb . .0 4 # . 0 4 # .0 4 #
H ydrochloric, com m ’l. 20° lb. .0 1 X .0 1 K . o i k .lb . .07 .07 .07MHydrofluoric, 30%  b b ls ..lb . .06 .06 .07 C yanide, 9 0 -9 8 % ............. .23 .23 .28
H ydriodic, sp. gr. 1 .1 5 0 ...lb. 2 .25 2 .25 2 .00 Ih .09M .09M • 09MN itric , 42°, cbys. c/1 wlcs.lb. .0 5 H .05M .06 Hyposulfite, bbls....... 100 lbs. 3 .20 3 .20 3 .50
Phosphoric, 60%  tech ....... lb. .08 .08 .10 N itra te . 95% .............. 100 lbs. 2 .50 2 .57 2 .32M
Sulfuric, C. P ........................ lb. .08 .07 .07 .09 .09 .0 0 ^

66° tk s. wks............... ton 15.00 15.00 16.00 Prussiate, yellow............... .lb . .21 .20 .1 0 HOleum 2 0 % .................ton 18.00 18.00 19.00 Phosphate (di-sod.),tech. .lb . • 04H .0 4 K .0 4 #
Alum, A m m onia, lu m p .............. lb. .0 3 H .03 K .03M .lb . .0 1 H .0 1 H .01M

Potash , lu m p ........................ lb. * .0 3 H * .0 3 H * .0 3 H Sulfide, 00% , fused.......... .lb. .04 .04 .05
C hrom e..........................lb. .00 .06 .07 S trontium  N itra te ........ •........... *.10 *.10 *.10

Soda, g round ........................ lb. .04 .04 .03M 3.00 3 .00 2 .75
A lum inium  Sulfate (iron-free) .lb. . 0 2 ^ .02M .0 2 H 14.00 14.00 16.00
A m m onium  C arbonate, pw d.. .lb . A 0 X .10  X .08 T in  Bichloride, 50%  sol’n ....... .lb . .10M .10H .09  X

Chloride, white gran ...........lb. * .0 7 ^ .07 H • 07H .38 .38 .37
Ammonia, a n h y d ro u s ................ lb. .30 .30 .30 .lb. .20 .20 .35
Am m onia W ater, drum s, 2 6 ° . . .lb . .07 X .07M .07M .lb. .07M .0 7 H .08
Arsenic, w hite ............................... lb. .14 .15 .0 6 ^
B arium  C hloride.........................ton *100.00 *95.00 *53.00

N itra te ....................................lb. *.08 *.08 *.07 O R G A N IC C H EM IC A L S
B arytes, w hite ............................. ton 33.50 33.50 28.00
Bleaching Pow d., 35% , works

.........................................100 lbs. 2 .00 2 .00 2.25 Acetanilide, U. S. P ., bbls........ *.34 *.34 *.29
Borax, cry st., bbls........................lb. .05M .0 5 H .0 5 X A d d , Acetic, 28 p. c ............100 lbs. 3 .17 3 .17 2 .3 7 #
Bromine, pure, wks..................... lb. .29 .29 .23 G lacial......................... .12 .12 .10
Calcium  Chloride, fused, f.o.b. Benzoic, U. S . P .............. .lb . .00 .00 .00

N . Y .......................................ton 24.50 24.50 28.75 Carbolic, cry st., U. S. P .
.00 .06 .06 d ra ............................. .lb. .40 .40 .12

5 .75 5 .75 5.55 50- to  110-lb. t in s . . . .lb . .45 .45 .18
Iodine, resublim ed....................... lb. 4 .40 4.40 3 .80 Citric, crystals, kegs........ .lb . *.50 *.50 *.43
Lead A cetate, white c ry s ta ls . . .lb . .12 .12 .11 Oxalic, cryst., bbls., wks. ..lb. .14 .1 3 H .14

.22 .22 .15 Pyrogallic, resublim ed. . . .lb . 1 .60 1.00 1.75
R e d .......................................... lb. .08 .09 .08 Salicylic, U. S. P . ............. .lb . .38 .38 .24
W hite (C arb .)...................... lb. .08M .0 8 H .07 X T annic , U. S. P ., b b l s . . . .lb . .70 .70 .75

3 .50 3 .50 1.75 T arta ric , cryst., U . S. P . . .lb. * .30 *.30 *.25
M agnesium  C arbonate, te c h ...lb . .07M • 07H .00 Acetone, d ru m s .......................... .lb . .21 .21 .12

55.00 55.00 55.00 Alcohol, denatured , com plete.gal. .40 .40 .45
Phosphorus, yellow ..................... lb. * .28 * .28 *.27 E thy l, 190 proof, b b ls .. .. gal. 4 .75 4 .75 4.75

R e d .......................................... lb. * .30 *.30 *.30 Amyl A ceta te .............................. gal. 2 .3 5 2 .35 2.00
4 .25 4 .25 4 .25 C am phor, Jap , refined, cases.., .lb . .91 .94 .90

Potassium  B ichrom ate............... lb. .10 .10 .1 0 H C arbon Bisulfide, c/1................ .lb . ;O0 .00 . 0 0 #
Brom ide, Im ported ............. lb. * .19 *.19 *.13 T e trach lo rid e .. , ......... .10 .10 .1 0 #
C arbonate, calc., 8 0 -8 5 % .lb. *.05>$ * .05  y2 * .0 4 H Chloroform , U . S. P ., d ru m s .., .lb. .35 .35 .43
C hlorate, c ry s t..................... lb. *.07>* * .0 7 K * .0 5 K Creosote, U. S. P ....................... .lb . .40 .40 .40
H ydroxide, 8 8 -9 2 % ........... lb. * .06 K *.06M *.00 Cresol, U . S. P ............................ .lb . .27 . 27 .14

3 .50 3 .50 2 .90 D extrin , c o rn .......................100 lbs. 3.09 3 .09 2.70
.08 .08 .08 Im ported  P o ta to ............... .lb . .09 .09 .0  OH

*.17 *.17 *.15 E ther, U. S. P ., 100 lbs........... .14 .14 .14
*.95 * .95 *.29 Form aldehyde, bbls.................. .14 .14M .1 0 #
*.39 *.39 *.24 M Glycerol, dynam ite, d ru m s .. . .lb . .17M .17 . 1 4 #

28.00 28.00 17.00 M ethanol, pure, bbls................ gal. 1 .05 1 .20 .75
Silver N itra te ................................oz. .43 .43 .4 4 ^ M ethylene Blue, m ed .............. 3 .00 3 .00 4 .00
Soda Ash, 58% , bags........100 lbs. *1.80 *1.80 *1.85 P etro latum , light am ber. , .lb. .0 4 K • 04 M .0 5 *

C austic, 76% , N . Y . . 100 lbs. 3 .75 3 .75 3 .80 Pyrid ine ........................................ gal. 1 .75 1.80 1.75
S tarch , corn, pow d ........... 100 lbs. 2 .47 2.47 2.13

P ota to , J a p ......................... .07 .07 . 00#
•Resale or Im ported  (not an Am erican m akers’ price). Sago....................................... .0 3 H .03M .04

Courtesy of Drug & Chemical Markets
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O IL S, W AXES, E T C .

Dec. 1 Dec. 15 Jan . 1922

Beeswax, pure, w hite ..................lb. .32 .32 .33
C astor Oil, No. 3 ......................... lb. .12 .12 .1 0 «
Ceresin, yellow ..............................lb. .08 .08 .0 7 «
Corn Oil, crude, tanks, m ills ...lb . .07  « . 0 7 « .0 6 «
C ottonseed Oil, crude, f. o. b.

. 0 8 « .08 « .07
Linseed Oil, raw , c /1 .................gal. .87 .89 .69
M enhaden Oil. crude, m ills., .gal. .53 .46 .35
N e a t’s-foot Oil, 20*.....................lb. .18 .18 .1 6 «
Paraffin, 128-130 m. p ., re f........ lb. .0 3 « . 0 3 « .05
Rosin, " F "  grade, 280 l b s . . . .bb l. 0 .50 6 .35 5.30
Rosin Oil, first r u n . .................. gal. .43 .43 .36
Shellac, T . N .................................. lb. .70 .70 .#6
Sperm Oil, bleached w inter,

38°.......................................... gal. 1 .05 1 .05 1 .70
Stearic Acid, double pressed ., .lb . .1 1 « . 1 1 « . 0 9 «
Tallow  Oil, acidless..................... lb. . 1 1 « . 1 1 « .10
T urpen tine, spirits o f . . . . . . .  .gal. 1.54 1.43 . 8 2 «

M ETA LS

A lum inium , N o. 1, in g o ts ......... lb. .23 .23 .17
Antim ony, o rd in a ry .. . . . .1 0 0  lbs. 6 .5 0 6 .50 4 .55
B ism uth ........................... 2 .60 2 .65 1.80
C opper, e lectro ly tic . . . .............. Ib. . 1 3 « .14 . 1 3 «

L ak e ......................... .14 .14 . 1 3 «
Lead, N . Y ........................ . .  100 lbs. 7 .2 5 7 .2 5 4 .70
N ickel, e le c tro ly tic .. . . .36 .36 .45
P la tinum , refined, soft, 108.00 108.00 78 .00
Quicksilver, flask ........... 75 lbs. ea. 70 .00 71 .00 52.00
Silver, foreign................ . 6 4 « . 6 4 « .6 5 «
T in ..................................... . 3 6 « . 3 7 « .3 2 «
T ungsten  W o lfram ite .. . .  per un it 7 .50 7 .5 0 2.00
Zinc, N . Y ...................... 8 .2 5 8 .25 5.20

F E R T IL IZ E R  M A T E R IA L S

Am m onium  Sulfate, ex p t.. 100 lbs. 3 .55 3 .5 5 2 .60
Blood, dried, f. o. b . N . Y .. . .u n i t 4 .50 4 .6 0 3 .50
Bone, 3 an d  50, ground, raw ., ton 28.00 28.00 30.00
C alcium  C yanam ide, u n it of

2 .25am m o n ia ..................................... 2 .25 2.25
Fish  Scrap , dried, w ks............u n it 5 .15 5 .2 5 3 .2 5  & .10
Phosphate  Rock, f. o. b . m ine: 

Florida Pebble, 68% .........ton 3 .00 3 .00 5 .00
Tennessee, 7 8 -8 0 % ...........ton 1 .0 0 4 .00 8 .00

Potassium  M uria te , 8 0 % . . .  .u n it .70 .70 •■75
T ankage, high-grade, f. o. b.

C hicago ................................ un it 4 .00 & .10 4 .6 0  & .10 3 .0 0  & .10

C O A L -T A R C H EM IC A L S -

C r u d e s

A nthracene, 8 0 -8 5 % ............. . . . l b .
B tn ten e , pure , t a n k s ................ gal.
N aphthalene, flake ....................... lb.
Phenol, d ru m s ......................lb.

.75

.30

.0 6 «

.40

.76

.30

. 0 6 «

.40

.75

.29

. 0 7 «

.11

C r u d e s  (concluded)
Toluene, pure, ta n k s ..................gal.
X ylene, 2 deg. d ist. range, 

ta n k s ...........................

I n te r m e d ia te s  
Acids:

Cleve’s . . 
G am m a.
H........

Ü. S. P . . . .

U. S. P ..........
Schaeffer's S a lt,

Dec. 1

.30

Dec. 15

.30

Jan . 1922

.30

gal. .45 .45 .45

1.10 1.10 1.10
.60 .60 .50

1.50 1.50 1.50
1.80 1.80 2.25

.75 .78 1.00
1.00 1.00 1.60

..lb . 2 .30 2.30 2 .30

. .lb . .60 .60 .65

. .lb . 1 .20 1.15 1.30
.20 .20 .25
.19 .19 .26

1 .30 1.30 2.00
1 .15 1.15 1.15

.16 .16 .17
. .lb . .24 .24 .25
. .lb . 1 .35 1.35 1 .50

.65 .05 .45
. . lb . 1.40 1.40 1 .25

.85 .85 .90

.70 .70 .70
3 .75 3 .75 5 .50
4 .50 4 .50 4 .75

. . lb . .06 .06 .15
.60 .60 .90
.40 .40 .40
.20 .20 .21
.20 .20 .25
.52 .52 .58
.65 .65 .70

. . lb . 1 .15 1 .15 1.35
.08 .08 .10

1 .00 1.00 1.00
.24 .24 .30
.29 .29 .30
.95 .95 1.05
.62 .62 .85
.73 .73 .77

..Ib . .10 .10 .10
.72 .72 .76
.11 .11 .15

. . lb . .60 .60 .70
.90 .90 1 .10

. .lb . 1 .50 1.50 1 .60

. . lb . .35 .35 .38
.55 .55 .60

1 .30 1 .30 1 .50
2 .00 2 .0 0 2 .00

.60 .60 .70
. .lb . .56 .56 .70

.35 .35 .40
. . lb . 1 .15 1.15 1.20
. . lb . .30 .30 .30

.15 .15 .20
. . lb . 1.00 1.00 1.10
. . lb . .95 .95 1.10

.42 .42 .40
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FILTEB-ÇEL

Hard Lead Alloy

A C I M  E T
WITHOUT additional equipment, without 

changes in installation or arrangement,— 
you can improve your filtration process, 

secure greater clarity in your products and reduce 
operating costs.

These results are accomplished simply and easily 
by adding to your liquors prior to filtration a small 
percentage of

T r a d e -M a rk  Reft.

P a te n te d
r/fAOe HARKKOSTIWLD US fHJTMT orrtce

A CELITE PRODUCT
FILTER-CEL is an extremely porous mineral 

powder which has no chemical effect upon the liquids. 
I t  may be used with all types of pressure filters, and 
builds up a cake which retains the most minute 
particles of suspended matter. In addition to greater 
clarity, it  prevents clogging, enables the filter to 
operate in longer cycles and increases the rate of flow.

Test FlIJjER-.CEL at our expense
A quantity sufficient for you to determine results 

will be sent upon request, or we shall be glad to 
filter a sample of your product in our laboratories 
and return to you with a detailed report.

T he experiences o f our chem ical engineers in filtering 
innumerable products o f w idely divergent nature are con
tained in  a  booklet explaining F IL T E R -C E L  in  detail and 
giving typical installations. Sent free upon request from our 
nearest office. U se the coupon.

CELITE PRODUCTS COMPANY
NEW YORK-11 DROADWW DETROIT-BOOK BUILDING DENVER-5YMES BUILDING* 
RIIUDEIPHIABUILETINBLDG CHICAGO-MONADNOCK 3LDG LOSANGELES-VAN NUTS BUXS 
CLEVELAND-BULKLEY BIDG SI LOUIS-RAILWAY EXCHANGE B1.DG SANreAtmttMONAWOaiaDG 
CINCINNATI-UNION CENTRAL BUILDING MINNEAPOLIS-251 SIXTH AVENUE.SOUTK 

NEW ORLEANS- WHITNEY CENTRAL BANK- BUILDING

C E L IT E  PR O D U C T S CO M PANY
Gentlemen: W ithout obligation, send Bulletin IIII-40 

and the additional m atter checked below. W e use

_________________________ for filtering_______________________
( g i v e  n a m e  o f  f i l t e r )  ( l i s t  p r o d u c t s  f i l t e r e d )

□  Send sufficient quantity o f F IL T E R -C E L  for testing.
□  Send bottles, m ailing case and instructions for forwarding 

samples of our products.

Nam e  -----------------------------------------------------------------------------

C om pany------------------------------------------------------------------- ----------

A ddress...........................................................................   -..........

We are prepared to co-operate with our customers in  
all parts of the world. Representation in  foreign countries 
is open for negotiation with responsible concerns.

The Cleveland Brass Mfg. Co
4608 Hamilton Ave. CLEVELAND, OHIO
Pacific Coast Office: M ills Bldg., San Francisco, C alif.
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UNIVERSAL USES
To Fill All Experimental Requirements

Alundum and Crystolon Products Regular 
or Special

To Filter Gases or Liquids
Alundum Discs, Crucibles and Plates

To Encounter High Temperatures
Alundum and Crystolon Refractories

To Standardize Thermocouples
Alundum Standardizing Crucibles

To Ignite Precipitates
Alundum Capsules and Crucibles

To Protect Electrical Porcelain and Pottery
Alundum Saggers

To Diffuse Gases or Aerate Liquors 
Alundum Porous Plates 

To Insulate Heating Wire
Alundum Cements

To Retain Your Steel Sample for Carbon
Alundum Combustion Boats

To Protect Combustion Boats
RR Alundum

To Conserve Heat in Muffled Ovens
Crystolon Muffles

To Repair Your Muffle Furnace
Alundum Cements

To Ash Coal and Flour
Alundum Crucibles, Capsules and Dishes

To Build an Electric Tube Furnace
Alundum or Crystolon Tubes and Cores

To Extract Chocolate or Rubber
Alundum Extraction Thimbles

To Line Oil, Gas or Coal Fire-Boxes
Alundum and Crystolon Bricks

To Protect Your Pyrometer Couples
Alundum Pyrometer Tubes

To Melt Pure Metals
Alundum Melting Crucibles

To Conserve and Concentrate Heat of 
Bunsen Burners

Alundum Flame Collars
To Transfer Heat in Pottery Kilns

Crystolon Muffle Tile
To Insulate Thermocouple Element Wires

Alundum Thermal Couple Tubing
To Lay Up Refractory Constructions

Alundum Cement

Full study will be given special requirements 
with recommendations regarding proper refrac
tories.

NORTON COMPANY
Refractories Sales D epartm ent

WORCESTER, MASS.
_______________________________________  [R-169]

OUR NEW 

GENERAL CATALOG

is r e a d y  for distribution. When re
questing your copy ask for catalog C.

The above Polariscope is one of many new 
instruments listed for the first time in our cata
log. Aside from general laboratory work, this 
instrument is widely used for urine analysis. 
Readings are made by means of the vernier and 
vernier magnifiers to an accuracy of 1/10°.

Write for catalog.

P A L S  C O M P A N Y
Apparatus for In d u stria l and Laboratory Use.

153 W. 23rd Street, New York, N.Y.
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KOERTING
Acid Resisting Spray Nozzles

Tj'OR injecting liquids into 
gases or the absorption 

of acid fumes in chemical 
processes.

Lead body with witclay or 
glass tip; also made of hard 
rubber or of lead with p lati
num lined tip.

Address Chemical Depl.
Catalog 6-C.

¿ m u m

t l C X R T i f l G
11GOTHOMP/ON Stk 

P K l L B D E l P H i f t ' P “

SIN G LE

OILER

SEND FOR CATALOG A 3—

Lammert & Mann Co
Engineers & Machinists

215-21 N. Wood St. Sc t E?jT CHICAGO, ILL.

Lammert Rotary Vacuum Pumps 
and Pressure Blowers

-WIDE RANGE OF TYPES AND SIZES-
A SK  A B O U T T H E  N EW  S IL E N T  D R IV E

Ideal for Laboratory Use
Capacities from ZYa cu. ft. to 700 
cu. ft. of free air per m inute. 
Types for vacuum to within Vio 
inch of the barometer. Adapted 
to air-pressure work up to 25 
pounds.

M OTOR

DRIVEN

PU M P

W ITH

AUTOMATIC

M embers of the  
American Chemical Society 
throughout the U nited States, 
Canada, M exico and elsew here

We send you 
our hearty

N e w  Y e a r ’ s  Q r e e t i n g

I
T  w o u l d  be our pleasure to 
greet personally every user of 

W hatm an Filter Paper, were if 
possible, but they are scattered 
over the w idth of the world. 
W herever you are, be assured 
that your satisfaction is our con
stant endeavor.

T his is evidenced, we believe, 
by the marked improvements in 
all grades since the early mak
ings—  undertaken under the ad
verse circumstances incident to 
the Great W ar, and by the world
wide circle oi satisfied users of 
W hatm an.

s .

I t  w ill afford us pleasure to help 
you with your filtering problems 

embracing the use o f paper.

H. R EEV E  A N G E L  & CO.
I N C O R P O R A T E D

7 - I I  S P R U C E  S T R E E T ,  N E W  Y O R K ,  N .  Y .
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Replaceable Unit Type

CENCO ELECTRIC HEATERS
provide an easily regulated source of heat for

Distilling, Evaporating, Extracting, and Low Temperature Ignitions.

No. 9647A-B. No. 9647C-D.

The design of the Cenco Elecrtic H eaters was suggested by Dr. E . W . Dean, of the U. S. Bureau of M ines, and developed  
by our Engineering Departm ent, in cooperation w ith the Bureau of M ines Laboratory, to provide a  simple, economical heater, 
for use w ith the standard gasoline distillation apparatus specified by Com m ittee D -2 of the American Society for Testing  
M aterials for the determination of the initial boiling and end points of gasoline, naphtha, petroleum oils and paint thinners. 
T he idea of sim plicity, replaceability and efficiency were always kept in mind.

T he heating unit is constructed by a special process (patent applied for), which enables the heating coil of chromel 
wire to be securely held in the form of a conical helix in a solid block of extrem ely efficient heat insulating material by means 
of a refractory cement. The separate turns of wire are in contact w ith the refractory cem ent for only a  small part of their 
circumference, and as a result, the heat wasted by absorption in and radiation from the block is reduced to a minimum. The  
maximum exposure of wire surface, the conical shape of the depression in the block and the high heat radiating qualities of the  
cem ent combine to concentrate the heat upon the opening in the transite top of the heater. D ue to this m ethod of construction  
the Cenco Electric H eater responds readily to changes in current produced by adjusting the rheostat. The heating unit, 
which includes both the heating coil and heat insulating container, can be easily replaced by the user in case of a  burn-out.

A variable rheostat, mounted in the sam e case w ith the heating coil, permits the temperature to be raised or lowered 
at will by turning the adjusting knob on the under side of the heater, which is always cool. Attached to the adjusting knob 
is an index, which enables the operator to judge the am ount of resistance in the circuit. W hen the entire rheostat is in the  
circuit, the heater is operating on low heat w ith a current consumption of 165 w atts, thereby radiating 2440 calories per minute  
into the heating chamber. W hen the entire rheostat is out of the circuit, the heater is operating on high heat w ith a  current 
consumption of 255 watts, thereby radiating 3650 calories per minute.

The Cenco Electric H eater is furnished w ith a clamp, permitting it  to be mounted on any laboratory support stand, 
which enables it  to be used in m any places in the laboratory where a rapid and efficient source of concentrated heat is  required. 
I t  will be found preferable to a gas flame for m any operations.

Since the Cenco Electric H eater was first announced, over 1500 have been placed in laboratories, from which have come 
enthusiastic reports of their performance and of their adaptability for widely varying purposes. A test conducted by the U . S. 
Bureau of M ines on one of the first models gave over 500 hours of continuous use. Since then, improvements have been made 
in method of construction and character of materials used, as a result of which the Bureau of M ines recently reported over 1,000 
hours of use and no evidence of deterioration.

9647. CENCO ELECTRIC HEATER, as used in die A. S. T. M . methods for gasoline distillations, w ith transite top containing 
l } {  inch opening for use in official tests

N o ........................................................................................................................................ A B
For v o lts ...........................................................................................................................  110 220
E ach .................................................................................................................................. S1S.00 S16.00

9647. CENCO ELECTRIC HEATER, same as Nos. 9647A and B, but w ith transite top w ith beveled openings 23^ inches in
diameter, for use w ith distilling flasks, Kjeldahl flasks, evaporating dishes, etc.

N o ........................................................................................................................................ C D
For v o lts ........................................................................................................................... 110 220
E ach .................................................................................................................................. S1S.00 S16.00

9648. HEATING UN ITS, for No. 9647, for replacement.
N o ........................................................................................................................................  A B
E ach ................................................................................................................................... $2.50 S3.00
For further description, send for BULLETINS 93F and 47F.

. L A B O R A T O R Y  w / ' U P P L l E ^ '  
^ l a r a t a r  {¡¡fig Chemicals 

;.Obio St., H C b L c - a t f o ,4 6o  E.Obio S t LUTTA.
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Steam Jacketed

Kettles
for the Laboratory

The Hercules is small brother to many 
of our large kettles. I t  is made in the 5- 
gallon size steam-jacketed and can be 
used to advantage in many laboratories. 
I t  has all the ruggedness of thelargekettles 
and will w ithstand the same pressures.

There is no need of ordering special 
kettles for laboratory or experimental 
work—send for a Hercules.

P la in  iro n  S50.00 P o rc e la in  lin e d  $65.00

F u r n ish ed  w ith  o u t le t  fro m  in n e r  k e t t le  i f  d esired .

The Stuart & Peterson Co. 
Burlington, N. J .

You can "make a h it w ith the boss” if you help him  
in his fight to economize in power and equipment by  
installing the Steam  Trap Sarco.

You can then show him that you saved one-third the 
price'it would have cost to buy ordinary traps. You  
can point out that you eliminated the expense of build
ing platforms and digging pits— for the Sarco is screwed 
right into the pipe line. And you can explain that the 
Sarco will effect a big saving in fuel because, on account 
of its small cost, you were able to trap every point that 
required trapping, thus draining off all condensate as soon 
as it forms.

Furthermore, you can guaran- 
« ■ y fr s jiS g a  tee that Sarco Traps will cut

C f f  down repair bills, for they have
T a * f but five parts compared w ith as

Si s± .j=u, m any as forty-three in some
gE r r r  traps. Consequently, there are
p**" 1 \ - '• ".,'a  fewer parts to carry in stock—
£Zli. r :a .  m t;W fewer parts to wear out and need

III III I replacement.

1 U  You can safeguard your own
I  I j u d g m e n t  until you are sure that 

: I V' the Sarco will do as claimed, as
I  I  '*" • 1 we will ship same on 30 days’ 

/  I  5 ^ 2 :  n  free trial.

High Power Centrifugals 
Laboratory and Commercial

W rite for particulars regard 
ing free trial offer and interest 
ing booklet D-31.

Basket« 
5 '  diam . 

to
3 0 ' diam. 
open top

B elt drive 
or

m o to r drive 
Special Design

6  P ark  P la ce , N ew  Y ork C ity

C lev e lan dB uffa lo C h ic ag o
P h ila d e lp h iaD e tro i t

In t e r n a t i o n a l  E q u i p m e n t  C o
352 W estern  Ave., BR IG H T O N  

BOSTON, 35, MASS.
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cftRLZEISs
J E N A

H a r o l d  M . B e n n e t t
U. S* A g tn t

1 5 3  W e s t  2 3 RD S t r e e t ,  N e w  Y o x k

General D istributing Agents fo r  Canada 
The Hughes Owens Co., L td ., Montreal, Toronto, W innipeg, Ottawa.

Dipping Refractometer and Trough A

New Construction With 
Six Interchangeable Prisms

Greatly increased range with full maintenance of 
the high degree of accuracy characteristic 

of the old model.
Dipping Refractom eter w ithout Prism in case

Price $124.—  f.o.b. N . Y .
♦Prism I (nD =  1.325 to nD =  1.367)

Price $28.—
Prism II (nn =  1.366 to  r>n =  1.396)

Price $28.—
Prism III (nn =  1.396 to nn =  1.421)

Price $28.—
Prism IV  (nD =  1.419 to  hd =  1.449)

Price $33.—
Prism V (hd =  1.445 to nn =  1.472)

Price $33.—
Prism V I (no =  1.468 to  nc =  1.492)

Price $33.—
H eating Trough A with 24 beakers $16.50
Auxiliary prisms, E a c h ................................$6.50

•D ipping refractom eter w ith Prism I is the equivalent 
of the old model.

Platinum for every purpose.

BAKER & CO., INC.

extend to all 

their best wishes 

for a

Happy N ew  Year

M ay you enjoy 

the greatest prosperity 

you have ever known 

throughout 

the New Year.

&  m  a x *
P R E S ID E N T .

B aker P la tin u m  W orks, N ew ark , N . J . ,4U. S. A.
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Í  H E U S S E R 1J THE B A L A N C E  SUPREM E  ^

The pan extractor admits and ejects the 
button while the balance door is  closed. 
D ust and air-currents need neCer enter. 
Readjustment o f the instrum ent is rarely 
necessary.

TWIN BENEFACTORS
THE H EUSSER multiple-Wcight-attachmcnt 

and mec/ianfca/-pan-cj:iracfor are accessories, 
patented, obtainable only in a HEUSSER  
Precision Balance.

They are no more a part of the instrument 
than is the horn a- part of the motor in your 
car.

The wonderfully responsive balance func
tions perfectly without either—yet by the de
pression of a key and the twist of a handle 
both become integral with it.

The rapidity thus obtained, the permanence 
of adjustment, the freedom from extraneous 
influences, the marvelous accuracy of deter
minations—all render these ingenious devices 
real benefactors of the balance user.

And yet—H EU SSERS  cost no more. And 
most dealers have them.

A mighty interesting balance booklet for 
the asking.

The weight attachment perm its the 
instantaneous changing o f weights while 
the balance swings and the door is 
closed. S ince weights are not handled 
their accuracy is nccer impaired. ■

NEW  Y O R K DENVER SA L T  LAK E C IT Y EL PASO SA N  FRANCISCO

TH E PRODUCT OF LABORATORY 
CONTROL IS TH E WARE FOR 
LABORATORY USE.

Thorough 
Laboratory 
Control of 
Our Chemical 
Processes of 
Refining 
Makes Possible 
That Degree 
Of Fineness and 
Freedom From 
Contamination 
In Platinum 
That Finally 
Gives To The 
Chemist In 
His Laboratory 
Work
ThatAssurance 
That Highly 
Standardized 
Materials 
Only Can Give

Platinum 
In All Forms 
Of Laboratory 
Wares.

Metals of 
The Platinum 
Group And 
Their Salts

Wares Remade 
Or Exchanged

Ask For 
Catalog 

F.15

Specific G rav ity  P an  
A .S .T .M . Specifications

American Platinum Works
N. J. R. R. AYE. at OLIVER ST., 

NEWARK, N. J.
N ew  Y o rk  O ffice, C h a r le s  E n g e lh a rd ,  30 C h u r c h  S t r e e t .

FUEL TESTING 
APPARATUS

FOR

POW ER PLANTS 
GAS PLANTS 

OIL R E FIN E R IE S  
CEM EN T MILLS 

RUBBER COMPANIES 
LABORATORIES—

THE

PARR STANDARD CA LORIM ETER
PARR OXYGEN BOMB 

CALORIM ETER
PARR TOTAL CARBON APPARATUS

PARR SULPHUR PH O TO M ETER
PARR SULPHUR BOMBS

The Standard Calorimeter Co.,
EAST MOLINE, ILLINOIS, U .S .A .


