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E D IT O R IA L S

D ata Needed on Education
'T 'H E  American Institute of Chemical Engineers has given
-*■ much attention to chemical engineering education, 

and has recently been engaged in preparing a recommended 
course of study, a standardized curriculum, for the beneficial 
guidance of institutions tha t offer professional training in 
chemical engineering. The conclusions of the institute 
may be expected to be received with respect, and their recog
nition and adoption by the leading universities and schools of 
technology will mark a forward step in the direction of chem- 
ico-cducational reform. Even then, however, many advances 
will be necessary to place both chemical education and chemi
cal engineering education in strong positions, comparable 
with, say, medical education.

The chemical profession has self but not legal existence, 
and there does not seem to be a need a t present for the 
provision of licensure by statute of chemical practitioners and 
consultants. The profession can, however, stabilize and 
strengthen its body by the improvement of certain of its 
educational practices. I t  can collate statistics relating to 
chemical education. I t  can publish information regarding 
the number and qualifications of chemists as they complete 
their training. I t  can make available descriptive summaries 
of the character of chemical schools from the educational view
point. Would not particulars of these types throw an in
structively helpful sidelight on the qualifications of the 
product coming from chemical schools? Certainly they would 
be of value in attempting to improve courses of instruction, 
methods of teaching, and procedures of laboratory adminis
tration.

There aTe a number of American institutions tha t have ex
cellent undergraduate professional courses in chemistry and 
in chemical engineering. W hat are they and which ones are 
the best, are questions that are not answered in the literature 
of chemical pedagogy. Graduate instruction in chemistry is 
better known to the profession, because the various schools of 
importance and the specialties of their faculty members are 
recognized much more definitely. Perhaps the explanation 
of this condition is found in a statement of Henry S. Pritchett 
tha t “Every college and university covets the reputation of 
being a center of research. I t  is more anxious that its teachers 
should have the name of conducting scientific investiga
tions than tha t they should be able to teach fruitfully and 
successfully.”

Can the schools of chemistry and of chemical engineering 
be classified and graded according to teaching and research 
strength? Can an appraisal be made of their relative im
portance with respect to intellectual and physical equipment? 
Are we in a position to rank our professional schools along the 
general linę followed by the medical and dental and legal 
professions? Would the chemical profession be benefited by 
this information, assuming its statistical accuracy?

I t  is as true today as in Daniel Webster’s time tha t “Costly 
apparatus and splendid cabinets have no magical power to 
make scholars.” I t  is also as true today as in the time of 
Berzelius that able lectures must be supplemented by thor
ough laboratory instruction and practice to train young men 
for the profession of chemistry. I t  is not thought, however, 
that the time has come when the chemical profession is able 
properly to evaluate its schools. I t  lacks the statistical 
ground work, and it does not have the authority th a t legisla

tion has conferred on the medical and dental and legal pro
fessions. Otherwise such an investigation would be oppor
tune. A large number of American educational institutions 
have been subjecting themselves to critical examination and 
they have been aided and abetted in this task by extramural 
criticism. Recently there has been a diligent stock taking, 
not only of the methods but also of the aims of education in 
general. These institutions are growing in size and in num
bers. The rapid progress of science has multiplied many 
fold the possible numbers of subjects to be pursued and the 
extent to which each may be taught and investigated most 
advantageously.

Chemical science and chemical education have made re
markable progress in the United States during the last twenty- 
five years. The goal, however, is not yet attained and there 
will undoubtedly continue to be a broadening of scope and a 
shifting of emphasis. Laboratories and other equipment 
have been improved enormously during this period. Chem
istry is rapidly becoming, not so much th e 1 training of the 
analyst, industrial chemist, and research man, as the most 
serious and important study of a branch of science, and it is 
calling to its support the allied sciences, physics and biology.

In this there is a call for service on the part of the S o c i e t y .  
I t  can be rendered now under better auspices than formerly, 
and we recommend tha t our Division of Chemical Education 
consider the possibilities and perhaps go forward with a com
mittee dominated by that division but upon which there shall 
be representatives of some of the other divisions and sections 
concerned. I t  appeals to us as a constructive piece of work 
which will not duplicate the efforts of the American Institute 
of Chemical Engineers.

Textile Education for Laymen
QEV ERA L attem pts have been made in the past to have 
^  the ultimate consumer, the public, take an intelligent 
interest in the selection and purchase of textiles. Since on 
the average a third of one’s income is expended on textiles and 
other items of clothing, it seems reasonable to expect the 
buyer to be concerned with such questions as the relation of 
fibers, and the method of their construction into cloth, to 
wear. Several department stores have found laboratories 
to be an advantage in making their guarantee less of a li
ability, but it  has been difficult really to interest the textile 
purchaser. The question of style causes many a decision to 
be madi in favor of a less serviceable garment. In the days 
of petticoats one department store found tha t even where 
the results of physical tests and the analysis were available, 
an extra ruffle on a garment of inferior material would insure 
its sale in competition with a plainer one of superior silk.

M any a purchaser with some knowledge of materials has 
had cause to complain of higher prices for plainer garments 
than for those of the mode of the moment. The former, of 
better material, are made in smaller quantities; the latter 
need only last while styles are being changed.

Now comes another effort at education in the selection and 
conservation of textiles, which should be successful. The 
Department of Research of the Laundryowners National 
Association has issued a series of leaflets, the primary purpose 
of which is to relate some of the results of efforts to determine 
causes of failure in fabrics. The information given in the leaf
lets touches points with which every purchaser should be fa
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miliar, and while the assistance of the laboratory is necessary 
in running down some of the real causes of unsatisfactory 
service, when the consuming public knows that these things 
can be determined with certainty there is no reason why they 
should not demand this information from the distributor, 
who is in position to maintain or at least consult the chemical 
laboratory. The introductory leaflet states:

On whose judgm ent do you rely when you purchase textiles? 
Are you able to  detect fraud in textile construction? Can you  
recognize weaving im perfections th a t place a fabric among 
seconds? Are you able to trace the cause of the failure of a gar
ment to its true source?

■' . .1
The relation of weaving to wear, the importance of knots in 

threads, the relation of,threads of unequal size or weight to 
the strength of the fabric, the part played by short fibers, the 
question of shrinkage, the use of sizing or finish to hide de
fects, the importance of the proper application of dyes, are 
typical points discussed in these leaflets. Although intended 
for distribution by members of the Laundryowners National 
Association to their present and prospective patrons, the leaf
lets contain information which may be serviceable in the hands 
of many teachers and those interested in some examples of the 
everyday service of the chemical laboratory.

A Chemical M onth
S E P T E M B E R  of this year holds in store an unusual treat 

for scientists, and particularly for chemists. Our an
nual meeting a t Ithaca will be one of unusual importance, 
not only because of matters coming before the Council, such 
as the final report of Mr. Hoskins’ committee on the classi
fication of membership, but also because of the excellence of 
the scientific program. We are again to have the pleasure of 
hearing from distinguished fellow chemists from abroad, and 
there is now required only the enthusiastic attendance of large 
numbers to place the Ithaca meeting high among those which 
have been successful.

Beginning on September 17 the Franklin Institute will hold 
a memorable celebration. Besides being the centenary of the 
founding of the institute, the inauguration exercises of the 
Bartol Research Foundation are to be held. These exercises 
will be marked by addresses by men whose names are in them
selves an attraction,"as well as the subjects upon which they 
will speak. To mention those whom chemists will delight to 
hear would be to reprint the program which has been distrib
uted. The meetings will be open to all who may care to hear 
the discussions and we trust that in the various audiences will 
be found a large number of 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 .

One Hundred Million Pounds
A SK the average man when the largest single order for 

explosives was placed and he is fairly sure to say, 
“During the World W ar.” At any rate, 100 per cent of the 
pacifists would so reply. Most people consider the manu
facture of explosives primarily a war-time activity, and pow
der manufacturers have frequently been charged unjustly 
with fomenting international friction.

But the largest contract, one for one hundred million 
pounds, has just been awarded by the Government to the 
du Pont Company, the lowest bidders, and involves the prep
aration of one hundred million pounds of explosives to be used 
for the construction of highways, for agricultural purposes, 
and for other peaceful industrial pursuits.

This information should reach the general public and be 
emphasized, for it illustrates the point, so often made, that 
chemistry becomes a destructive agency only when so re
quired in the defense of the nation.

Helium—Safety and Conservation
n P H E  daily press carried some comments following our
-*■ recent editorial on “Helium vs. Hydrogen,” and one of 

the proponents of hydrogen, notwithstanding his official con
nection at the time with the Bureau of Aeronautics, United 
States Navy, went so far as to criticize the assumed action of 
the crew of the Dixinudc. Without the details in possession 
of French officials, he ventured to state that tha t great 
dirigible was not destroyed because of the inflammability of 
hydrogen. His interest in commercial aviation is so evident 
that we need no further comment at this time.

Since then Dr. C. Leroy Meissinger of the United States 
Weather Bureau and Lieut. James T. Neely lost their lives 
when lightning struck their balloon. This adds another to an 
already long list of dirigibles and balloons filled with hydrogen 
and destroyed by fire or explosion.

I t  is true that many thousands of people have been carried 
safely in hydrogen-filled balloons, but why take unnecessary 
risks in times of peace when we know of something better? 
The Navy is steadfast for the use of helium in the Shenandoah, 
and in an editorial in the New York Times for June 6 , Rear 
Admiral Moffett is quoted in the m atter of costs which are 
usually cited by those who favor hydrogen. Admiral Moffett 
says, “When it is considered that it is possible to purify helium 
at a cost of approximately one dollar and a half per thousand 
and that on the other hand it is not safe nor practical to 
purify hydrogen, the conclusion is that the cost of forty 
dollars for helium would be as cheap in the end as hydrogen 
a t fifteen dollars.”

The ZR-3, a dirigible with a capacity less than 20 per cent 
greater than the Shenandoah, and being built in Germany as a 
part of the reparations, will doubtless be brought overseas 
with hydrogen. This will be a t the property risk of the Ger
man Government, but we may be sure that once the United 
States Government assumes responsibility for this new giant, 
the gas compartments will be filled with helium.

There is a reason to believe that a cost of forty dollars per 
thousand cubic feet for helium will soon be attained. The pos
sibility of purification has been demonstrated. The necessity 
of replacing hydrogen on the average twenty-two times per year 
gives a basis for the statement that the question of cost is no 
longer a consideration, granting for the sake of argument tha t 
it ever was. The wasteful practice of valving should soon be 
stopped in the Shenandoah, now that the condenser problem 
has been solved. One hundred and ten pounds of water can 
be recovered for each hundred pounds of gasoline burned. 
The solution of this heat transfer problem is discussed in this 
issue of I n d u s t r i a l  a n d  E n g i n e e r i n g  C h e m i s t r y ,  and 
some of the Shenandoah’s engines have already been equipped 
with these condensers.

There is no intention of hampering the commercial devel
opment of dirigibles. We have reason to believe tha t com
mercial companies could develop their own sources of helium, 
and we are certain that one of the disasters which may a t 
any moment overtake a hydrogen-filled gas bag would be suffi
cient, not only to make commercial development impossible, 
but sadly to retard our military program being developed as a 
defense measure. The military establishment in emergen
cies may be justified in occasionally risking observers and crew 
in hydrogen-filled ships, but the commercial operation of 
hydrogen-filled dirigibles will never be successful when the 
man in the street knows tha t safety is to be had only with 
helium.

The subject of helium will be brought prominently before 
Congress when it reconvenes in December by H. R. 5722 and 
Senate Bill 2166, both having to do with the conservation, 
production, and exploitation of helium gas. These bills 
aim first a t the conservation of helium by authorizing the
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Secretary of the Interior to acquire land or interest in land by 
purchase, lease, or condemnation where necessary, and to 
explore for, conserve, and extract helium gas, and give the 
Government the ownership and right to extract helium from 
all gas produced from public lands. Under these bills conserva
tion would be effected largely by gaining possession of such 
geological formations as now hold the gas, and keeping it 
there imprisoned until needed. The bills also provide funds 
to erect plants to extract, purify, and supply helium to the 
Army and Navy, and also to lease to American citizens or 
American corporations under suitable regulations, any surplus 
helium not needed by the Government, moneys derived from 
this source being credited to a helium production account, with 
residual gas after helium extraction being sold for the benefit 
of the miscellaneous receipts of the Treasury. The bills also 
forbid the exportation of helium from the United States or 
its possessions without express permission from the Secretary 
of the Interior. They further endeavor to combine the ac
tivities of the Army and Navy with those of the Department 
of the Interior in carrying out a constructive helium program.

The bills do not interfere with the private development of 
helium, and their enactment would not create a condition in 
any way harmful to commercial aeronautics.- We are in 
accord with the spirit of these bills, and chemists, appreciating 
the importance of this element, are sympathetic toward any 
program designed to effect conservation through scientific 
development and efficient use.

Travel of Scientists
A T  TH E Washington meeting the Council passed resolutions 

favoring more liberal regulations and laws governing the 
attendance of scientific workers in Government departments 
upon scientific conventions and -congresses. These resolu
tions were sent to the several departments involved and have 
met in most instances with sympathetic reception. At least 
two of the great Government departments have stated that 
they will continue to send scientific workers to conventions 
and congresses whenever possible under the limitations of 
available appropriations and where it is clear tha t these ex
penditures are made in the public interest. We quote from 
one of the official responses:

I am very much pleased to  note the action of your Society  
and that of other associations and trust that your efforts will re
sult in a more universal understanding of the benefits to  be de
rived from this system . W e have, in expressing the m atter to  
Congressional com m ittees, stated that it is impossible for the  
D epartm ent to m aintain national leadership if its representatives 
are not present a t the conferences in which policies and programs 
of action are being worked out, and we have found an alm ost 
universal appreciation and support of the sentim ent.

The present practice which greatly limits the attendance of 
scientific men upon these meetings is said to have originated, as 
nearly all restrictions do, in an abuse of privileges. The story 
is that some years ago two members of the Washington police 
force made a junket a t Government expense which so aroused 
some members of Congress tha t restrictions were put in force.

The practice of allowing only those scientists to attend 
meetings who have papers upon the program is not always 
satisfactory. Some have even thought tha t it has led to the 
presentation of summaries without introduction of new results 
or the reports of uncompleted work, whereas results might have 
been better had the paper been delayed until the data were 
complete. Often procedure upon a piece of uncompleted 
research may be influenced directly by one of those formal 
or informal discussions such as characterize our meetings;

The extent of research under Government auspices and the 
variety of topics in hand is-such that no scientific meeting 
is complete without a reasonable representation from the

Government laboratories. We hope ways and means may 
be found to increase the number who can attend.

We have frequently emphasized the returns possible in the 
case of corporations paying expenses of their scientists to 
such meetings, and these same arguments hold true not only 
in the case of Government employees but also where insti
tutions of learning are involved. One of the best ways of 
inducing narrowness is to confine a scientist to his laboratory 
or his study and keep him out of contact with his fellows 
with whom he has a common interest.

Chemistry Not W arlike
TN T H E IR  effort to give full credit to the part played by 

chemistry during the Great War, our daily, weekly, and 
monthly press has succeeded in giving the science a reputation 
which it does not deserve. Chemistry becomes destructive 
only of those things which threaten our lives and when called 
upon to act in self-defense.

The Harvard. Alumni Bulletin in a recent number comments 
editorially upon chemistry and medicine with special reference 
to “Chemistry in the Service of Medicine,” a pamphlet issued 
by the Committee to Extend the National Service of Harvard 
University. As the editorial points out, “One of the minor 
consequences of the war has been tha t in the minds of many 
people the work of chemists is associated with destructive 
discoveries and inventions. The idea tha t laboratory ex
periments are concerned to a large extent with an effort to 
increase the deadliness of poison gas and the power of high 
explosives is prevalent. Chemists are looked upon as persons 
who are in cold blood preparing weapons with which mankind 
may eventually exterminate itself.” The pamphlet discusses 
typical problems in the solution of which chemistry has been 
important, and indicates some of the accomplishments that 
may be expected if research is adequately supported in future.

The presence in this country of a former expert in the 
Chemical Division of the British Army, who believes he has a 
method for the eradication of the famous cotton boll weevil, 
brings to mind another example of the peace-time applica
tion of knowledge gained in chemical warfare service.

Still another is the use of chloropicrin to displace heat in 
smothering silkworm cocoons, the process being superior as 
far as cost is concerned and easier to control than heat. 
The silk obtainable from cocoons smothered by chloropicrin 
differs in no way as regards elasticity, tenacity, and ease of 
degumming from that obtained from cocoons killed by heat.

A further illustx-ation may be taken from the extensive work 
performed by our Chemical Warfare Service on the protection 
of marine piling and other structures from the toredo borer, 
which in one harbor in a single year recently did damage es
timated at nineteen million dollars. The fight against the 
borer, in progress for many years, has, until now, met with 
indifferent success. I t  is doubtful whether such preparations 
as have shown themselves highly effective in large-scale trials 
would have been developed without the acquisition of that 
great mass of special toxicological information which has been 
brought together a t Edgewood.

With these and many other accomplishments to the credit 
of peace-time activities of the chemists in the Chemical War
fare Service, it  seems a pity that the name of tha t corps was 
not chosen to avoid placing arguments on the lips of those who 
see only the word “warfare,” and do not comprehend its real 
chemical service. Had the Medical Corps been called the 
Medical Warfare Service, we wonder what stories the paci
fists might have devised. I t  is probably too late to make a 
change in the name of the Chemical Warfare Service, but it 
is never too late to have the public understand the real nature 
of its work and the real importance of its information.
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Heat Transfer in the Condensation of W ater from Engine 
Exhaust Gas1,2

T HE work on which 
this paper is based 
was done a t the re

quest and with the support 
of the United States Army 
Air Service. I t  was oc
casioned largely by the pro
posed use of helium as a 
lifting gas in lighter-than- 
air craft. On account of 
its noncombustible nature, 
helium is exceedingly im
portant from the military 
standpoint, and is in fact 
a virtual military monopoly, 
inasmuch as nearly all the 
known world supply is found 
in this country. •

There has always been a great loss of lifting gas in air
ships during extended flights, due to the necessity of main
taining static equilibrium by valving gas when the total load 
has been decreased by consumption of fuel. This waste 
might be tolerated when hydrogen is used, but must be nearly 
eliminated before a gas so rare and expensive as helium can 
be put into general use.

The problem then, is tha t of maintaining a constant 
total load in order that change of load may not have to be 
compensated for by change of lift. To this end a survey of the 
possible means was made and resulted in the adoption of the 
method indicated in the title of this paper, condensation of 
water from engine exhaust gas.

The exhaust from a gasoline engine contains about 1.4 
pounds of water per pound of fuel burned, and to compen
sate wholly for the loss of fuel weight it is necessary only to 
cool the exhaust products sufficiently and separate and collect 
the condensed water.

Various cooling systems were considered, but the method 
finally adopted was tha t of 
direct air cooling by passing 
the exhaust gas through 
long, thin-walled p ip e s , 
whose outer surfaces were 
exposed to the air flowing 
past the ship. Iii order to 
prevent the escape of en
trained moisture, the gas 
leaving the cooling tubes 
was passed through a baffle 
type separator.

Two condensers of this 
type were designed, built,

1 Presented before th e  D ivi
sion of In d u stria l and  Engineering 
C hem istry a t  th e  67 th  M eeting  of 
the A m erican Chem ical Society,- 
W ashington, D . C ., A pril 21 to  26,
1924.

3 Published by  perm ission of 
the D irector, Ui S. B ureau  of 
S tandards.

and subjected to ground 
test. The first of these was 
later installed on the army 
Airship D-3 and given a 
flying test of over 50 hours. 
The performance closely 
approximated that expected 
from theoretical consider
ations. Similar apparatus 
is to be used as sendee 
equipment on all new army 
ships intended for long
distance flying.

The Model I  condenser 
installed on the D-3 is 
shown in Fig. 1 sus
pended between the en
velope and car. I t  is ap

proximately 21 feet long, weighs, installed, about 450 pounds, 
and comprises over 3000 feet of 1-inch aluminium tubing.

T h e o r y  o f  W a t e k  R e c o v e r y

In  reviewing the theory involved in the process of obtain
ing water from the engine exhaust gas, it may be well, in order 
to avoid confusion, first to discuss the nomenclature used.

Reference is made to the chart, Fig. 2, in which vertical 
distances represent weights of the quantities indicated.

The fuel burned is, of course, the basis upon which the 
other quantities are determined. The total water in the 
exhaust gas is the sum of water of combustion and the mois
ture entering with the carburetor air. This quantity de
pends upon the kind of fuel and, to a small extent, upon the 
mixture ratio (air fuel) and relative humidity.

Since the amount of water lost as vapor depends upon the 
final temperature of the exhaust gas, and since, in an air- 
cooled system, the limit of cooling is the air temperature 
itself, it a t once becomes apparent tha t the recoverable

water is the total minus the 
vapor necessary to saturate 
the gaseous exhaust prod
ucts a t air temperature.

The designed recovery is, 
of course, limited by the 
recoverable water as deter
mined by an assumed air 
temperature. I t  may be 
arbitrarily placed a t any 
value less than tha t of the 
r e c o v e ra b le  water, but 
would not ordinarily be less 
than the fuel burned. : 

Since the designed re
covery is based upon a de
signed final exhaust tem
perature, it is evident th a t 
error in design assumptions 
or changes in flying speed 
o r■ air- temperatures will 
change this final tempera

B y Robert F. Kohr and Lucinthia Butler

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

Extended use of gas-filled airships by ihe United Slates A rm y  
A ir  Service has emphasized the necessity of developing some means 
of compensating for ihe loss of weight due to fu e l consumption dur
ing flight, in order that excessive waste of lifting gas m ay be avoided. 
‘‘Valving" or releasing lifting gas in order to m aintain static equi
librium is in any case extremely wasteful, and must be avoided i f  
helium is to be used.

The exhaust from  a gasoline engine contains more than a pound of 
water per pound of gasoline burned, owing to the combination of 
hydrogen in the fu e l with the oxygen of the air. The Bureau of 
Standards has devised apparatus to condense a large part of this 
water, thus making it possible continually to compensate during 
flight fo r  the weight of fu e l burned. The apparatus weighs about 
1.5 pounds per horsepower of the engine served, and this weight can 
be wholly compensated fo r by a  corresponding decrease in the weight 
of ballast previously carried.

F ia  1
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ture and therefore the amount of water actually con
densed. The water condensed may be either greater or less 
than the designed recovery, but is represented as showing a

loss.
In  the collection of 

the water condensed, 
leaks of any land, as 
well as faulty separa
tion of entrained mois
ture, will lower the 
quantity available as 
ballast. The water 
collected is therefore 
always less than that 
actually condensed.

T h e  q u a n t i t i e s  
shown, when expressed 
as per cent, are based 
upon the weight of fuel 
burned.

The design of the 
condensing apparatus 
is dependent upon a 
large number of vari
ables, which may be
best taken up as they 

F ic . 2 appear.
I t  is a t once apparent tha t the water condensed is depen

dent upon the composition of the exhaust gas and its final 
temperature. The first of these is readily determined when 
the chemical composition of the fuel, ratio of air to fuel, and 
relative humidity and temperature of the air are known. 
The final exhaust temperature, however, is a function of 
the length, diameter, spacing, and number of condenser 
tubes, mass flow and initial temperature of exhaust gas, 
and the velocity and temperature of the air flowing past the 
tubes.

The influence of different fuels is shown in Fig. 3, in which 
the water condensed is plotted against final exhaust tempera
ture for each of the fuels considered. These curves were ob
tained by adding the water of combustion to the water entering 
with the carburetor a irland  subtracting the weight of vapor

this country for the whole year, for altitudes less than 5000 
feet. As a basis of comparison of the different fuels, their 
chemically correct air-fuel ratios were used.

Since it is improbable that, any fuel having exactly the com
position of one of those shown in Fig. 3 will ever be put 
into service use, this figure is supplemented by Fig. 4, showing 
the final temperature to which the exhaust gas must be cooled 
in order to condense 1 pound of water per pound of hydro
carbon fuel burned. This curve was derived by plotting the 
points where curves such as those of Fig. 3 cross the 100 per 
cent condensation line.

All the curves thus far shown are based on the theoretical 
combining mixture ratios of air to fuel, which correspond to 
extremely lean carburetor settings and give the economy 
so vitally important in the operation of airships. Some multi
cylinder engines are unable to operate on mixtures quite as 
lean as those shown, but since the leaner mixtures are less 
advantageous as regards water recovery, the curves are based 
on the worst expected condition and should be on the safe 
side.

The effect of mixture ratio upon water condensed is shown in 
Fig. 5. The fuel in this case was assumed to be gasoline 
having a 15 per cent hydrogen content, which closely approxi
mates the fuel now in service use. Fig. 6 shows the effect 
of mixture ratio upon the final temperature to which the ex
haust gas must be cooled in order to condense 1 pound of water 
per pound of gasoline burned.

Since the humidity is uncontrolled, it is possible that 
for special cases some value other than the average one of 
60 per cent should be applied. The curves of Fig. 7 indicate 
the limits for the humidity range between 0 and 100 per cent. 
I t  will be seen tha t a t a temperature corresponding to 100 
per cent condensation with saturated air, the decrease due to a 
change to dry ah-is about 29 per cent. The points plotted 
in this figure are average values obtained during a 90-hour 
endurance test of the Model I  condenser. These points 
represent actual water collected, and it will be readily rec
ognized tha t faulty separation of entrained moisture or any 
leakage of either exhaust gas or water would lower the ap
parent condensation (water collected).

I t  is obvious from the foregoing paragraphs and curves that

F ig . 3 4

necessary to saturate the gaseous exhaust products at the it  is a relatively simple m atter to determine a desirable
temperatures indicated. The entering air temperature in final exhaust temperature, having assumed the kind of fuel,
each case was assumed to be 15° C. lower than tha t of the mixture ratio, air temperature, and relative humidity. From
cooled exhaust gas, and its relative humidity was taken as 60 this point on, the task is to so select and arrange the cooling
per cent, which is an approximate average for all parts of system as to arrive a t the desired final temperature.
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H e a t  T r a n s f e r

In  an apparatus consisting of a bank of tubes parallel to 
the direction of flow of the cooling air stream, it is evident 
that the conditions of heat transfer are different for those 
tubes a t the center of the bank and those in the outer rows.

where <?/, =  coefficient of surface heat transfer between ex-.

haust gas and pipe w a ll, ,  •-seconds X C. X[sq.cm,..
p  =  perimeter of pipe, cm. 
p  dx =  element of surface area, sq. cm.
0U =  temperature of wall, ° C.

Similarly, the heat dissipated by the pipe wall is
Sc- P dx (0„ -  0 C)

and tha t heat taken up by the external air stream

H e dx 
dx

where qc =  coefficient of surface heat transfer betw een pipe wall
. . , caloriesand air stream,  ; -----------------

seconds X C. X sq. cm.
H c =  M eCc =  heat capacity of the mass of air stream

which passes any point in unit tim e, ------ -I01 'C!S, ■ -
seconds X C.

M c =  mass flow of air past any point along the pipe, 
grams per second

Cc =  specific heat of air at constant pressure, — calories
grams X  C.

0„ =  temperature of air stream , 0 C.

The conditions stated above then give the three equations 
dQh

F ig . 3

For the purpose of design computations one tube a t the cen
ter of the bank is considered. Inasmuch as the outer tubes 
are (better cooled, this admittedly inaccurate method is a t 
least on the safe side. The amount of cooling air flowing 
past each pipe is determined by the spacing of the tubes.

The equations for heat transfer which are the basis of the 
design of the exhaust cooling system have been derived 
under the following assumptions: (a) the surface temperature 
of the pipe is the same inside and out a t any given point in the 
length of the pipe and is uniform around the circumference; 
(b) the cooling air flows with uniform velocity in a direction 
parallel to the axis of the pipe, is turbulent, and of temperature, 
density, pressure, and humidity characterizing normal atmos
pheric conditions.

In  a given length of pipe for steady conditions, the heat 
given up by the passing exhaust gas is equal to tha t taken up 
by the pipe wall, which is equal to tha t dissipated by the 
pipe wall, and is equal, in turn, to th a t taken up by the ex
ternal air stream. The loss of heat from the gas to the wall 
per element of length dx a t any point along the pipe is

r n dQh J TT dQh J
— M hCh —  dx  or —H h —  dx 

ax ax
where M h =  mass of exhaust gas passing any point along the  

pipe, grams per second
Ch =  specific heat of the gas at constant pressure,

calories 
grams X ° C.

J h  =  M hCh =  heat capacity of the m ass of exhaust gas 
which passes any point in unit tim e in

calories 
seconds X 0 C.

0 A =  temperature of exhaust gas, 0 C.
x  =  coordinate along length of pipe, positive in the 

direction of exhaust gas flow
dQ
—  =  change in temperature per unit length of pipe

dQ
dx  =  change in temperature per elem ent of length

The sign is negative since the total heat of the exhaust de
creases as x  increases.

The heat taken up by the pipe wall per element of length is
P dx (0 A -  0 „)

H c dx =  qc p  dx (©„

Qh P dx (0* — 0„) 

0C)

( 1 )

(2)

5h (0* — 0») = 1c (0i» — 0«) (3)
Combining these eliminates one variable, 0„, and leaves two 
simultaneous differential equations in 0 a,  0 c, and x.

0» ‘ (4)
Hh d(h  i H e dQe Q 
p q h dx p  qc dx h

(5)

\
\ j
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\
1

/7/k*»£ S x ^ /t t /s r  raw? De*. C.

F i g . 6

These can be solved to give 0* and 0 £ as functions of x.
Qh =  A enx +  B  (0)

0» =  -  A j f e " *  +  B  (7)

where e =  base of natural logarithms
h M e  , 1 \

* -  { n h +  H c)+  1e
A  and B =  constants of integration

To eliminate these constants the following end conditions 
are applied:
For counterflow of exhaust gas and air 

0* =  T .
0c  =  k

when x = 0
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^  =  ]'h [ when x  — L  Oc = t„ )
For parallel flow

=  f °  |  when x- =  0 Qc = ta \

= J b [ when x = LBe = h  S
where Ta =  initial exhaust temperature, 0 C.

I \  =  final exhaust temperature, ° C.
ta =  initial air temperature, ° C.
tb =  final air temperature, ° C.
L  =  length of pipe, cm.

The resulting equations arranged in a form convenient for 
design work are:
For counterfiow

(8>
For parallel flow

log. ^ 4 °  =  P ( j F +  J f )  L  (9)
Ti, — ti, q_h +  Qc \ H h  H e )

The values for q\ and qc are obtained from the Lanchester- 
Stanton relation3 combined with Lees’ equation for skin 
friction

3 =  Cpm j^0.0765 +  0.0009J  (10)

in which
Cp — specific heat a t constant pressure 
M =  viscosity, poises

„ grams
m  =  m ass flow ,--------r— ;-------------

seconds X  sq. cm.
D  =  diameter of tube, cm.

In  working toward a satisfactory heat-dissipating apparatus 
the first determination necessary is the total rate of mass 
flow of exhaust gas coming from the engine. This will be the 
product of the brake-horsepower, the specific fuel consumption 
(pounds per brake-horsepower hour), and the weight of mix
ture taken by the engine per pound of fuel, giving the mass 
flow in pounds per hour.

From consideration of Equations 8  and 9, for maximum 
efficiency of heat transfer, it is desirable that the heat transfer

F ro . 7

coefficients, and hence the mass flows per unit cross-sectional 
area, be approximately the same inside and outside the tube. 
Then, having a known flying speed and air density, the re
sultant mass flow would be the rate of flow for exhaust gas 
most effective for cooling.

* G reat B rita in  C om m ittee for A eronautics, Tech. Repl. 1912-13, p. 45; 
Bur. Standards, Tech. Paper 211, p. 320,

The density of the exhaust gas changes by a factor of 3 as 
the temperature drops from 650° to 30° C., so th a t for a 
given mass flow the velocity a t the hot end is three times that 
a t the cold end. Thus, for an air speed of 45 miles per hour, 
the average cruising speed for airships now in service, the cor-

C&vcvT/yjsa’ Lervsrr* - /*av7-

F i g .  S

responding velocity a t the hot end would be 135 miles per 
hour, which threatened difficulties due to back pressure. A 
compromise resulted in taking 0.017 pound per second per 
square inch (1.195 grams per second per square centimeter) 
as the desirable mass flow inside the pipes.

The selection of the most advantageous size of tubes must 
of necessity be a compromise between heat transfer efficiency 
and mechanical considerations. The effectiveness of the 
apparatus will be found (Equation 10) to be increased as the 
diameter of the tubes is decreased, whereas the smaller the 
tubes, the greater will be the exhaust back pressure and 
liability to clogging, and the less the mechanical strength of 
the tubes, both as self-supporting beams and as long columns.

An indication of the relative resistance to flow with increase 
or decrease of pipe size may easily be obtained, but for the 
purpose of this work it is safe to let the limiting factor in 
reducing tube diameter be the mechanical strength necessary 
in a structure of the type contemplated. Soon after the 
beginning of the design work on the full air-cooled type of 
water recovery apparatus, a tube of 1-inch diameter was as
sumed and the strength of thin tubes of this size was com
puted. This choice of dimensions has been vindicated 
by the ground and flying tests, since tubes of this diameter 
and the thinnest walls commercially obtainable have proved 
amply strong, while the back pressure is nearly a t the al
lowable limit. In  this paper, therefore, only tubing of cir
cular section, 1 inch in diameter, is considered.

Having the assumed tube size, the known total mass flow 
and advantageous mass flow per unit area, the total number of 
tubes and mass flow per tube are easily computed.

Inasmuch as the Lanchester-Stanton equation for film 
coefficients is applicable strictly only to smooth, round pipes, 
it is evident tha t it cannot be expected to give exact results 
when used to determine the heat transfer from the outside of 
the tubes to the air stream. However, as no more reliable 
method was a t hand, this equation was applied, after first 
computing the diameter of a  round pipe equivalent in cross-
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sectional area to the space included by four adjacent--tubes. 
The results later obtained seemed to justify the use of the 
equation in this way.

In  solving Equation 10 for qc, the mass flow of air, m, is 
determined by the air density, flying speed, and spacing, 
and number of tubes, while Dc has a value also determined 
by the tube spacing. The diameter of a circle equivalent in 
area to the space included by four tubes was used as an ap
proximation.

D .  -  ^  -  ¡ V

in which D e =  equivalent diameter in Equation 10 
D h =  diameter of tube  

a  and b =  vertical and transverse spacing of tubes, 
respectively

Since the exhaust gas consists of approximately 10  per cent 
steam, for which Cp = 0.45, and 90 per cent other products of 
combustion, for which Cp = 0.24, the equivalent Ch was 
taken as 0.26.

For the range below 55° C. the effective specific heat is very 
high, owing to the latent heat of condensation. This was 
determined approximately by computing the total heat of 1 
gram of the gas mixture a t frequent temperature intervals 
below 55° C. and finding the rate of change of total heat with 
temperature. This rate of change was taken as the effective 
specific heat with a mean value of 2.83 in the range 55° to 
45° C. and 1.92 in the range 45° to .35° C., or 2.20 for the 
entire range 55° to 35° C. The figure 45° C. for the exhaust 
temperature a t the end of the second condenser bank was 
secured by successive approximations, and is used only to 
determine the effective specific heats over the ranges indicated. 
These values were checked by a more rigorous mathematical 
determination, which can well be omitted here.

The viscosity of the gas changes considerably with tem
perature, but an average value of ¡x over the range 600° to 
55° C. was taken as 2.4 X 10-4  poises, the viscosity of air a t 
150° C. For the range below 55° C. it was assumed the 
effect of the condensing vapor was negligible and the value
2.0 X 10-4  poises for the viscosity of air was used. For 
the air flowing outside the tubes, ¡x — 1.85 X 10 ~4.

Thus, we have constant values for the variables in Equa
tion 10 , so tha t qh and qc, and consequently may be

taken as constant for each range above and below the conden
sation point.

For a three-bank condenser of the general form of Model II, 
it is impossible to compute the necessary L  directly, on ac
count of the changing functions of the variables during 
parallel and counterflow as well as the change of C„ with tem
perature of the exhaust gas. The most convenient method is 
to assume an over-all length for the condenser and solve Equa
tion 8  or 9 for each section given. I t  is, of course, necessary 
to measure or assume the temperature of the exhaust gas 
received by the condenser as well as the air temperature.

I t  will be found tha t an equation in two variables will be 
left in each case, but tha t one of these can be eliminated by 
solving simultaneously with the equation expressing the fact 
that the heat lost by the exhaust is equal to the heat taken up 
by the air.

(r. -  Tt) I h  = (t„ -  t a)  H„
The curves of Fig. 8  show air temperature plotted against 

necessary length of a three-bank condenser for three air 
speeds and four initial exhaust temperatures. These summa
rize the effect of changes-in- the most important variables on 
heat transfer, for a constant final exhaust temperature of 
32° C. This figure represents the conditions necessary for 
the condensation of 1 pound of water per pound of gasoline ' 
burned.

A New Spiral Gas^W ashing B ottle1
B y L. H . M illigan

N o r t o n  C o . ,  W o r c b s t b r , M a s s .

IN AN apparatus for analyzing gaseous mixtures of oxides of 
nitrogen it was necessary to have a gas-absorption bottle 
that would contain a known volume of liquid through 

which the gases could be passed, give excellent contact be
tween the gas and the liquid so that complete absorption 
would result, circulate the liquid thoroughly so tha t all-the 
liquid would be brought into contact with the gas, not trap 
air or gas at any point, and be all glass because the gases were 
corrosive. Requirements of moderate ruggedness and ac
cessibility for washing out completely also had to be met. 
Any bottle that satisfies all these conditions is an almost 
perfect gas-washing bottle for general laboratory purposes.

The spiral gas-washing bottle designed for this use by the 
writer while working a t Cornell University is shown in Fig. 
1. There are three essential parts: B  is a gas inlet tube 
sealed through a ground-glass stopper. C is a cylindrical 
tube open a t both ends, the, walls of which have been pressed • 
in the form of a spiral. This slides on and off over the inlet 
tube, but is held in position, when the bottle is assembled as 
shown in the figure, by the turned-up end of the inlet tube. 
A  is the cylindrical outside bottle; the spiral fits this fairly 
closely and the top of the bottle is closed by the ground- 
glass stopper of the inlet tube.

This bottle is easy to 'make and is 
moderately rugged. At first it was 
feared that the spiral would tend to 
break off the end of the inlet tube by 
falling against it or by being jerked 
against it when the bottle is taken 
apart; but this difficulty was not ex
perienced.

The action of the bottle is simple.
The gas carries the liquid up between 
the outside of the spiral and the inside 
of the bottle, and then the liquid goes 
down between the inside of the spiral 
and the outside of the inlet tube. The 
circulation is good, as can be seen when 
the lines of liquid flow are studied by 
putting a drop of dye solution into one 
of these bottles filled with water and 
then passing air through. There are no 
“dead” spaces to trap gas, and the spiral 
gives excellent contact between the gas and the liquid for a 
considerable period of time. The bottle is compact and con
venient in form, and is easy to take apart and wash out for 
quantitative work. The opening a t the top of the spiral is 
elliptical, so that when gas bubbles tend to lift the spiral it 
is brought to rest against the little bulb at the center of the 
inlet tube. When the bottle is taken apart it is possible to 
slide the spiral off over the end of the inlet tube. This fea^ 
ture makes it easy to pack the bottle for shipment, or possible, 
to replace a broken spiral without getting a new bottle.

1 R eceived Ju n e  25, 1924.

Gas H azards in  S tree t M anholes
' A study of gas hazards in street manholes has been com pleted  
by engineers attached to the Pittsburgh Experim ent Station of 
the Bureau of M ines. Exam inations were m ade of gases found 
in street manholes of Pittsburgh and Philadelphia to determine 
the health and explosion hazards of such gases, particularly from 
the appearance of natural gas, manufactured gas, or other in
flammable substances getting into the manholes.
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A Suggested Mechanism for Antiknock Action1
By G. L. W endt and F. V. Grimm

THE great economic 
promise involved in 
the possibility of gen

eral use of high-compression 
automobile engines makes 
the recent development of 
antiknock compounds by 
the General Motors Re
search Corporation one of 
primary interest to the auto
motive and petroleum in
dustries. M id g le y 2 h as  
shown that the presence of 
as little as 1 molecule of 
tetraethyl lead in over
200 ,000  molecules of a com
bustible mixture of kerosene 
and air exerts a marked ef
fect in the suppression of de
tonation. This pronounced negative action by a gaseous 
catalyst is a new phenomenon, the mechanism of which is still 
entirely unknown, though of vital importance to industry. 
One interesting suggestion for it is based on Perrin’s radia
tion theory. This assumes tha t the propagation of the flame 
itself is dependent on an activating radiation from the react
ing molecules, which travels ahead of the flame front and 
progressively accelerates the flame. This radiation is sup
posedly absorbed by the screen of antiknock molecules so 
tha t activation of unburned hydrocarbon molecules is hin
dered and the usual acceleration of the rate of flame prog
ress reduced. There is as yet no experimental evidence 
in favor of this theory, and the minute amount of catalyst 
which will serve to prevent detonation is a serious obstacle to it.

T h e o r e t i c a l

The writers, therefore, wish to suggest an entirely different 
mechanism. I t  is well known tha t all flames are highly 
ionized—that is, they are excellent carriers of an electric 
current. This means that the energy released in the reac
tion of the hydrocarbon with oxygen serves in part to liberate 
electrons from the reacting molecules. The advance of elec
trons propelled a t high velocity from the flame front un
doubtedly ionizes the molecules in the gaseous region just 
ahead of the flame. This ionization is tentatively regarded 
as the essential activation and the factor directly responsible 
for the Increased acceleration of the flame. At high tempera
tures and high pressures, such as always obtain when detona
tion is excessive, the velocity of the liberated electrons is high 
and their energy is readily absorbed by the combustible gas. 
The rate of flame propagation therefore becomes extremely 
high. I t  is, then, the function of the antiknock molecules or, 
more particularly, the lead atoms present in the commonest 
example of antiknock, to a ttract these electrons, thus form
ing highly charged lead ions and preventing the former 
ready ionization of the unburned hydrocarbon. Furthermore,

1 Presen ted  under the title  "A  T heo ry  of th e  M echanism  of th e  Action 
o f A ntiknock C om pounds” before th e  D ivision of Petro leum  C hem istry  a t 
th e  87 th  M eeting  of the  A m erican Chem ical Society, W ashington , D . C., 
A pril 21 to  26, 1924.

1 J . Soc. Automotive Eng., 10, 7, 374, 451 (1922); 11, 247 (1922); 12, 
-367, 45S (1923); T h is  J o u r n a l ,  14, 589, 849, 894 (1922); 15, 421 (1923).

the lead ion would have an
other function. Not only 
does it reduce the number 
of available electrons but 
also it attracts the positively 
charged hydrocarbon ions 
to it and by neutralization 
restores them momentarily 
to an inactive state.

On this conception a mi
nute quantity of lead could 
easily exert a marked re
duction in the acceleration 
of the flame rate. Further
more, the effectiveness of 
an antiknock compound 
should be proportional to 
the number of lead atoms 
which it furnishes per unit 

of vapor volume. This last has been established by Midgley. 
Finally, the power thus to absorb electrons should be possessed 
in the greatest degree by the elements in the lower right-hand 
corner of the Mendelejeff periodic table. These atoms have 
unsaturated exterior electron rings and all of them assume a 
negative charge with ease. The heavier atoms, however, are 
markedly more effective than the lighter ones, so that iodine 
has the desired negative action while chlorine is actually posi
tive and accelerates the flame. Pentavalent antimony induces 
a knock, while the trivalent form is antiknock—a fact which 
again is in accord with the electronic point of view. The heavy 
elements farther to the left show a similar dependence on 
conditions, mercury being a knock inducer a t the high pres
sures of the automotive cylinder while it is an antiknock 
in combustion at atmospheric pressure.

While, therefore, the known phenomena of detonation and 
antiknock are in accord with the suggested mechanism, it is 
extremely difficult experimentally to demonstrate such a 
mechanism under the conditions a t which detonation takes 
place. .One consequence of the hypothesis suggested, how
ever, is relatively easy to verify. If the foregoing mechan
ism is correct, then it would be supposed tha t tetraethyl lead 
vapors added to an ionized but not burning gas at ordinary 
temperatures and pressures should result in a measurable 
decrease in the number of ions present, owing to the action of 
tetraethyl lead molecules in attracting electrons and in serv
ing to recombine the molecular ions. The experiment here 
described completely verified this prediction. The vapors 
of the lead compound do have a strong action in recombining 
the ions of gas, thus presumably reducing the potential 
activity of the gas molecules and hence the rate a t which 
combustion would proceed without further stimulating in
fluence.

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

The experimental arrangement is shown in Fig. 1. Air 
drawn from the room was first dried by calcium chloride and 
soda lime and then passed over a reasonably constant elec
tric arc in order to ionize it. I t  is difficult to obtain a constant 
source of ionization. Light both from a carbon arc and from 
a mercury arc was used, but without success, owing to fluctua
tions in the current. Ionization by a spark obtained from a.

S t a n d a r d  O i l  C o . ( I n d i a n a ) ,  W h i t i n c , I n d .

M idgley $ development of tetraethyl lead as an antiknock catalyst 
in the automotive engine has not yet produced a satisfactory inter
pretation of the mechanism of this negative gaseous catalysis. This 
paper suggests tentatively that the explosive flame is propagated by 
the emission of electrons from  the reacting molecules, in that the ad
vance of these electrons before the flame fron t ionizes and activates 
the unburned molecules, causing detonation at high temperatures and  
pressures. On this hypothesis the function of the antiknock is to 
absorb electrons and to promote the recombination of ions previous 
to combustion, thus reducing the normal acceleration of the combus
tion rale.

The experiments described shou) that tetraethyl lead and other 
antiknock compounds do actually have a marked effect in recom
bining gaseous ions at ordinary pressures and temperatures while 
the knock inducers sim ilarly tested have no effect. A ttem pts to 
reduce the rate of combustion by the application of magnetic and 
electrostatic fields were unsuccessful.
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small induction coil was also unsatisfactory. A small Thor- 
darson wireless transformer, operating on 110 volts in the 
primary and furnishing a voltage ratio of 100  to 1, was quite 
satisfactory provided the particular design of electrodes 
shown in the figure was used. The electrodes entered the 
tube inclined at an angle of about 45 degrees and after ap
proaching each other to within 5 mm. were bent away a t an 
angle of about 45 degrees from the horizontal so as to form a 
V. The current of air passing over the arc, which normally 
rests at the point of nearest approach of the electrodes to 
each other, swept the arc slightly upwards so as to increase its 
length in case of excessive heat evolution from fluctuations in 
the electric current, thus tending to equalize the energy 
liberated. In this way the ionization could be kept constant 
within 10 per cent. Having been ionized, the air passed 
through a coil immersed in cold water in order to reduce its 
temperature and to prevent it from subsequently evaporating 
more of the hydrocarbon than it was able to carry completely 
through the system. Next the air passed through a long, 
narrow capillary to increase its linear velocity and to prevent 
the possible dangerous back diffusion of hydrocarbon vapors 
to the vicinity of the arc. The air then passed over a hori
zontal surface of hydrocarbon fuel, either gasoline or benzene. 
The latter was more satisfactory because of its more constant 
volatility. This surface had an area of about 1 X 10 cm. I t  
was kept constant by regulating the height of the liquid from 
the reservoir by means of the stopcock. By this time the 
ionized air was essentially saturated with hydrocarbon vapor 
and passed directly through a tube into the brass chamber 
in which its conductivity was measured.

The ionization was measured at two points in a brass tube

means of buttons of elementary sulfur. This is a very 
convenient and effective insulator and serves very well for 
almost every such purpose, but it rapidly becomes conducting: 
when exposed to the vapors of tetraethyl lead. The sulfur 
insulators were therefore satisfactorily replaced by clear trans
parent amber. The tip of the electrode extending through the 
amber button was so placed as to make contact with a flat 
spring connected to the gold leaf system of an ordinary 
electroscope which could thus be interchangeably placed on 
either of the two electrodes. The leaf and the electrode were 
charged by means of a 500-volt battery of small dry cells. 
After passing through this tube the air went on through a 
sensitive flowmeter by means of which the air supply could 
be regulated and kept constant, and finally was discharged 
into a large metallic can, which served to equalize small 
variations in the suction line, and thence to a fairly constant 
steam suction pump.

Measurements of the conductivity of the gas were made 
after constant conditions had been established. Because of 
variations in both the air stream and the arc, it was neces
sary for a large number of readings to be taken to obtain 
a reliable figure for each conductivity. For this reason, the 
electroscope was placed on electrode No. 1 and five measure
ments of the rate of fall of the leaf were taken; the electro
scope was then transferred to the second electrode for five 
readings and then replaced on the first electrode, the inter
change being repeated four or five times so tha t twenty or 
twenty-five individual readings were made for each electrode. 
These individual figures are not here reproduced, but the av
erage of all readings is given with the mean percentage 
deviation of the twenty or twenty-five measurements used in

RHEOSTAT DRYING TUBE 
CALCIUM CHLORIDE 

AND SODA LIME Fir,. 1

5 cm. in diameter, by means of two insulated electrodes sup
ported in the axis of the tube 35 cm. apart. The electrodes 
were first support-ed by and insulated from the brass tube by

obtaining the average value as recorded in Table I. The 
conductivity at the second electrode was, of course, always 
less than at the first, owing to the natural recombination of
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the ions during the several seconds which elapsed while the 
ionized air passed from the first electrode to the second. 
Table I shows that with pure benzene the time required for 
the fall of the gold leaf between two definite points on the 
electroscope scale was more than four times as long at the 
second electrode as at the first. The number of ions present 
a t the second electrode is therefore less than one-fourth of 
the number present a t the first.

The foregoing work raises no experimental obstacles to the 
mechanism suggested. All the known antiknock compounds 
mentioned were shown to be effective in removing ions from 
the gas. At the time when this work was done, diethyl 
mercury was stated to be a knock inducer, and tha t fact was 
then considered to be a serious obstacle to the hypothesis, 
inasmuch as in these experiments this compound acted like 
the antiknock compounds. This fact, however, led Midgley

T a b l e  I — T im e  o f  D i s c h a r g e  f o r  B e n z e n e  V a p o r - A i r  M i x t u r e  a s  A f f e c t e d  b y  T e t r a e t h y l  L e a d  a n d  A n i l i n e

✓-----------F irs t

Seconds

— --------------------T i m e  o p  D i s c h a r g e ------------------------------------------ s
electrode —-—-— » /--------- Second e lec tro d e ---------->

M ean deviation  M ean deviation  
P e r cen t Seconds P er cent

T im e increase be
tw een electrodes 

P er cent

Increase  in tim e 
increase due to 

an tiknock  
P e r cent

Benzene 17 .2 ± 3 .5 7 4 .3 ± 7 .3 432
Benzene +  1%  te tra e th y l lead 15.6 =*=7.0 266 .0 ± 4 .7 1705 370
Benzene (check) 17.0 ± 3 .0 8 1 .5 ± 4 .2 480
Benzene 13.1 ± 5 52.7 ± 1 9 .8 400
Benzene 4* 5%  aniline 2 2 .9 =*=8.7 162.6 ± 7 .9 710 180
Benzene (check) (w ith trace  of 

aniline rem aining) 1 7 .S ± 2 .3 65 .0 ± 1 1 .7 368

The benzene was withdrawn from the vaporizer and re
placed by a 1 per cent solution of tetraethyl lead in benzene. 
The measurements were then repeated in precisely the same 
manner as before. Table I shows that with this quantity of 
the negative catalyst present the time required for the leaf 
to fall a t the second electrode was seventeen times tha t re
quired a t first. In  other words, the conductivity was only 
one-seventeenth of its original value. Since the conductivity 
fell to less than one-fourth without the catalyst, the effect of 
the latter was clearly to decrease the number of ions from about 
one-fourth to one-seventeenth, which is an increase of 370 
per cent in the rate of recombination of the ions.

In order to make sure that conditions in the tube had not 
changed during the work with the tetraethyl lead solution, 
this latter was now removed and pure benzene was again 
placed in the vaporizer. A repetition of the experiment gave 
the figures shown in the third line of Table I, which are an 
adequate confirmation of the original benzene figures, show
ing only a minor variation which does not affect the con
clusions drawn for tetraethyl lead. In  calculating the 
effect of the tetraethyl lead—namely, the “increase in the 
time increase”—the two figures for pure benzene were av
eraged and compared with the figure for the tetraethyl 
lead solution.

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

T e t r a e t h y l  L e a d —The effect of tetraethyl lead in in
creasing the recombination of the ions was therefore in the 
direction predicted. While the effect is very marked and 
far beyond the experimental error, it is rather less than might 
have been expected from its very great effect on detonation. 
I t  must be remembered, however, that conditions in these ex
periments are quite different from those in the engine, not 
only as regards temperature and pressure, but especially in 
the fact that the catalyst is not present a t the time when the 
gas is first ionized but is added later so tha t its influence 
during the original ionization is absent.

O t h e r  A n t i k n o c k s —The work was now extended to other 
catalysts known to act as antiknocks. Table I  contains the 
data for the experiments with aniline and shows tha t 5 per 
cent of this substance is able practically to double the rate of 
recombination. I t  is therefore only one-tenth as effective as 
tetraethyl lead, which accords qualitatively though not quan
titatively with Midgley’s results on detonation.

Two other known, antiknock compounds were also tested— 
namely, diethyl mercury, which in 2  per cent solution exerted 
an effect nearly as strong as that of 1 per cent tetraethyl lead; 
and ethyl iodide, which showed only a slight though definite 
effect in 2  per cent solution. Two knock inducers were also 
tested—namely, bromine and dibromethane. These showed 
no .effect whatever. . . .

to reexamine diethyl mercury, with the result3 that diethyl 
mercury was confirmed as a knock inducer in the automotive 
engine but was shown to be an antiknock in explosions at 
atmospheric pressure, this being the pressure here used.

U n s o l v e d  P r o b l e m s

The question of knock inducing is not well covered by the 
mechanism suggested and should be solved by further ex
perimental work on the basis of the present hypothesis. 
The simple mechanism proposed can hardly account for knock 
inducing, and yet Midgley has presented facts which argue 
strongly tha t the two effects are fundamentally the same. 
In any group of the periodic system, starting with the light
est element as a marked knock inducer, this property becomes 
less effective with the heavier elements of the group and ul
timately, with the highest atomic weights, reaches a negative 
value—i. e., becomes an antiknock. Furthermore, two 
forms of the same atom, as, for instance, trivalent and penta- 
valent antimony, are on opposite sides of the line. Finally, 
mercury acts in opposite ways a t different pressures. This 
ready variation from one side to the other is not easy to bring 
under the present hypothesis. I t  is probable, however, that 
the presence of the catalyst a t the moment of ionization may 
be an important factor which does not appear in the foregoing 
experiments and the effect of which is as yet unpredictable 
from a theoretical point of view. Strictly speaking, a knock 
inducer should be a compound which easily liberates elec
trons, either under the action of high temperature or under 
bombardment from free electrons liberated elsewhere, which 
electrons would thus contribute to the total ionization and 
flame velocity.

The work has been discontinued a t this point and is pub
lished in this unfinished form primarily because of the im
portance of the problem and the lack of any satisfactory 
theory. I t  should at least give a point of attack for eliciting 
connected facts in a problem whose entire aspect is a t present 
empirical. The hypothesis does give the antiknock a posi
tive role to play and, as an electron adsorber, brings its mech
anism among the usual conceptions of catalysis, which is 
more congenial, a t any rate, than the unique concept of an 
apparently negative gaseous catalyst.

D i r e c t  I n f l u e n c e  o f  E l e c t r i c  a n d  M a g n e t i c  F i e l d s  
o n  F l a m e  P r o p a g a t i o n

The conception of the flame propagation described herein 
. suggests tha t the progress of a flame lengthwise through a 
tube could be arrested if the tube were placed within a suffi
ciently strong electric or magnetic field to remove the elec-

«.Discussion of th is  paper a t  th e  W ashington M eeting , A. C. S.
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trons instantly, thus preventing their advance ahead of the 
flame front. Attempts to produce this effect, however, were 
unsuccessful. Lind4 made the same attem pt about twelve 
years ago, though the work was not published until after 
the writers’ work was completed. Lind was unable to show 
any effect on the velocity of a hydrogen-oxygen explosion in 
a brass tube fitted with an axial electrode charged by means 
of a Wimshurst machine.

The. present attem pt involved the explosion of an acetylene- 
air mixture in the ratio of 1:7.14, which is the best ratio to 
give carbon monoxide gas and the most likely to detonate. 
Detonation in a 1-meter Pyrex tube was, in fact, very marked 
when this mixture was fired by an ordinary automobile spark 
plug, but no decrease in the detonation could be observed 
when the tube was fitted with a long axial brass electrode

* J . Phys. Chcm.. 28, 57 (1924).

charged to =*=500 volts by means of a battery of dry cells. 
Similarly, there was no effect when the tube was placed within 
a solenoid 7 inches long and containing 500 turns of copper 
wire with a field strength of 2000 ampere turns. Finally, 
with a solenoid 2.5 feet long with 1500 turns of wire and carry
ing 7.5 amperes, hence a field strength of 11,000 ampere 
turns, no effect was noted, whichever polarity was used. 
Neither did a strong horseshoe magnet with an iron core so 
placed that two poles were on opposite sides of the glass tube 
a t various distances from the spark plug show any effect. 
While these experiments were failures, it was hardly to be 
expected that the attainable fields would be sufficient to affect 
decisively the velocity or the number of electrons in the flame, 
especially when no exact measurements were made and the 
only criteria of the effect were the visual and audial judg
ments of the violence of detonation.

Relative Effects of Some Nitrogen Compounds upon 
Detonation in Engines1

B y T. A. Boyd

G e n e r a l  M o t o r s  R e s e a r c h  C o r p . ,  D a y t o n , O h i o

N i t r o g e n  in some of
its compounds exerts 
a greater influence 

upon the character of ‘com
bustion than any other ele
ment of small atomic num
ber.2 Unlike molecular io
dine, though, which is very 
effective for influencing in
ternal combustion, molecu
lar nitrogen has no effect for 
suppressing detonation, ex
cept in so far as it slows 
down the rate of flame prop
agation by diluting the com
bustible mixture. But in this latter particular a similar effect 
is produced by other inert gases, such as carbon dioxide for 
example.

In distinction from its ineffectiveness in the molecular state, 
nitrogen in some of its compounds exerts a large influence upon 
the character of combustion. By weight nitrogen forms 
about 73 per cent of a proper combustible mixture of kerosene 
and air. When such a mixture is burned in an engine of 75 
pounds compression, the combustion is accompanied by vio
lent detonation. However, if there is added to the fuel an 
amount of diphenylamine, for example, sufficient to increase 
the weight of nitrogen in the total fuel-air mixture only 0.025 
per cent, or from 73,000 to 73,025 parts per 100,000, the char
acter of the combustion is entirely changed and the operation 
of the engine becomes very smooth and free from the distur
bance that is called a detonation or knock.

As might be expected from its low atomic weight, the ac
tion of nitrogen is influenced in a large way by the elements or 
radicals attached to it. Thus, in some of its compounds it  is

1 P resen ted  before th e  D ivision of Pe tro leum  C hem istry  a t  th e  67th 
M eeting of th e  A m erican C hem ical Society, W ashington, D . C ., A pril 21 to 
26, 1924.

5 O ther pub lications describing m eans of influencing de tona tion , o r the 
" k n o c k /1 in au to m o tiv e  engines a re : M idgley and  B oyd, J . Soc. Automotive 
Eng., 10, 7 (1922); Ib id ., 10, 451 (1922); T h is  J o u r n a l ,  14, 5S9, 849, 894 
(1922); M idgley, Ib id ., 15, 421 (1923).

Nitrogen in some of its compounds exerts a greater influence upon 
the character of combustion than any other element of sm all atomic 
number. The action of nitrogen is influenced in a large way by the ele
ments or radicals attached to it. Thus, in some of its compounds it is 
quite effective fo r  suppressing detonation, in some it is almost neutral, 
and in some it exerts the remarkable effect of inducing detonation. 
For example, detonation is suppressed by aniline, it is affected 
very little by pyrid ine, and it is induced or increased by propyl nitrite. 
The data presented in this paper show that in general the nitrogen com
pounds which are most effective fo r  suppressing detonations are the 
prim ary and the secondary amines. Of these the aryl amines or those 
that contain at least one ary l group have much the larger influence 
fo r elim inating detonation from  internal combustion engines.

quite effective for suppress
ing detonation, in some it 
is apparently almost neu
tral, and in some it exerts 
the remarkable effect of in
ducing detonation. Forex- 
ample, detonation is sup
pressed by aniline, it is af
fected very little by pyri
dine, and it is induced or in
creased by propyl nitrite.

The purpose of this paper 
is to present in a systematic 
way the relative effects of a
number of the compounds 

of nitrogen upon detonation in internal combustion engines.
How t h e  M e a s u r e m e n t s  W e r e  M a d e

The apparatus used in determining the relative influences of 
the various compounds has already been described in consider
able detail.’ This instrument, called the “ bouncing-pin 
apparatus,” consists essentially of a sensitive detecting device 
designed to screw into the heat of the engine cylinder, and an 
electrolytic cell placed in an electric circuit which is arranged 
in such a way that contact points are closed intermittently 
whenever detonation occurs in the engine. In  the lower end 
of the cylinder element is a small piston the vertical movement 
of which is resisted by a stiff spiral spring. Resting on top 
of the piston simply by gravity is a light steel rod or pin, the 
upper end of which touches a cantilever spring element bear
ing the lower of the two contact points.

The strength of the spiral spring above the piston is such 
that during normal combustion the amplitude of the piston’s 
vertical movement is only a few thousandths of an inch, so 
that the pin following the movement of the piston does not 
close the contact points. When the violent impulse produced 
by a detonation in the combustion chamber is applied to the 
lower end of the piston, however, its movement is so sudden

«M idgley and  B oyd, J .  Soc. Automotive Eng., 10, 7 (1922); T h is  
J o u r n a l ,  14, 589, 894 (1922).
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that the pin is thrown upward and free from the piston, thereby 
closing.the electric.circuit a t the contact points,and causing 
a generation of gas in the electrolytic cell. The elements bear
ing the contact points are springs; and, since the more vio
lent the detonation the greater the impulse given to the pin, 
the length of time the contacts are closed is a function of the

P e r c e n t  A n ilin e : b y  Vo l u m e  in  K e r o s e n e :
F i g .  1— C o m p a r i s o n  o f  P r o p y l  a  m i n o b e  n z e  n e  w i t h  A n i l i n e  

Propylam inobenzene Aniline 
3.02 grains =  2.28 gram s
0.0224 mol — 0.0245 mol
1 mol «= 1.10 mols

intensity of detonation. The amount of gas generated in the 
cell, in turn, is proportional to the length of time the circuit 
is closed. And so the volume of gas evolved in the electro
lytic cell, which is arranged to measure it automatically, is a 
function of the intensity of detonation.

The observations reported in this paper were made on a 
small, single-cylinder, air-cooled engine. Kerosene was used 
as fuel, and in all the measurements aniline in concentrations 
of 1 to 3 per cent by volume in the fuel was employed as the 
standard of effect in suppressing detonation. In  such con
centrations aniline is readily soluble in kerosene a t ordinary 
temperatures, so tha t no binding material of high solvent ac
tion was needed to carry it into solution. In one or two cases, 
however, where the material whose effect was being compared 
with th a t of aniline was not sufficiently soluble in kerosene 
alone, a mixture of absolute alcohol and kerosene was used as 
fuel, and the compression of the engine was raised in order to 
give knocking conditions. The standard aniline was of course 
always dissolved in the same fuel as the compound under test.
T a b l e  I — I n f l u e n c e  o p  S o m e  G r o u p s  A t t a c h e d  t o  t h e  A t o m  o n  t h e  

A n t i k n o c k  E f f e c t  o f  N i t r o g e n  
R eciprocal of mols 

required  to  give 
an tiknock  effect 
equ iva len t to  1 
mol of an iline“

C o m p o u n d

Ammonia
E thy lam ine
D ie t hy  lam ine
T rie thy lam ine
D iethylaniline
E thy ld ipheny lam ine
T riphenylam ine
D iphenylam ine
Phenylam ine (aniline)

F o r m u l a

n h 3
CsH sNH»
(C jH s) ïN H
(C jH sSjN
C6H*N(CjH s)2
C îH&NvCgH î):
(C6H 5)3N
(C eH shN H
CiHłNHj

0 .0 9  (negative) 
0.20 >
0 .495  I 
0 .1 4  f 
0 .2 4  J 
0 .5 8  j  
0 .0 9  J 
1 .5  
1. 0

S o u r c e  o f  C o m 
p o u n d

E as tm an

G eneral M otors 
R esearch  

E astm an  
du  P o n t

osene.
‘ Based on concen tra tions of aniline up  to  3 per c en t by  volum e in ker-

The method of making the measurements can best be de
scribed by giving a specific example. A comparison of the 
effect of propylaminobenzene with tha t of aniline may be 
used for this purpose. First, it was roughly determined 
tha t about 3 parts of propylaminobenzene and 97 parts kero

sene by volume gave about the proper amount of detonation 
in the engine—that is, it gave a knock of such intensity that 
somewhat less than 1.25 cc. of gas was generated in the 
electrolytic cell in 1 minute. This value was known to lie 
between that for 2 parts and tha t for 3 parts of aniline, which 
was the compound used as a standard of effect, in the same fuel.

A number of 1-minute runs were then made, the fuel 
being successively 3 parts aniline and 97 parts kerosene by 
volume, 3.02 grams propylaminobenzene in 100 cc. total 
mixture with kerosene, and 2 parts aniline and 98 parts kero
sene. For each run the volume of gas generated and the 
power output of the engine were recorded, the latter simply 
as a check on the engine operation. This set of runs was then 
repeated in the reverse order. All the values for the volumes 
of gas generated in the electrolytic cell during the runs on 
each fuel were then averaged and the data so obtained were 
plotted on coordinate paper in the manner illustrated in 
Fig. 1 in which the results of two determinations like that 
described are shown. The amount of aniline to which 
3.02 grams of propylaminobenzene are equivalent was obtained 
simply by projecting its value in gas generated horizontally 
to the corresponding aniline curve and vertically to the 
abscissa scale, where the aniline equivalent was read directly. 
These numbers were then averaged and converted to the 
molecular basis, as is shown by the tabulation under Fig. 1 .

R e s u l t s

The results of the determinations, or the data on which this 
paper is based, are tabulated in Tables I and II, and shown 
graphically in Figs. 2 and 3. The most striking thing about 
these charts is the way in wdiich the curves of effect rise and 
fall with the different elements or radisals attached to the ni
trogen atom.

F ic . 2 - - I n f l u e n c e  o f  t h e  G r o u p s  A t t a c h e d  t o  t h e  A t o m  o n  t h e  
A n t i k n o c k  E f f e c t  o f  N i t r o g e n

These interesting facts may be noted about the data in 
Fig. 2:

(1) T he curve has minimum points when the atom s or radicals 
attached to the nitrogen atom  are all alike. Thus, minimum  
effects on detonation are shown b y  N H j, (C2H 5)3N , and (CiH s^N.

(2) T he curve has m axim um  points a t diethylam ine and at 
diphenylam ine, both secondary am ines, the interm ediate maxi
mum point being at ethyldiphenylam ine, a tertiary amine. The  
superior effect of the phenyl radical for influencing the antiknock  
action of nitrogen is illustrated by the values for diethylam ine and 
diphenylam ine, the latter being three tim es as great as the former.

(3) T w o of the interm ediate points on the curve are a t primary 
am ines, ethylam ine and aniline, the other being at the tertiary 
am ine, phenyldiethylam ine (diethylaniline). The compound 
a t th is la st interm ediate point differs from that a t the adjacent 
m axim um  point by having tw o alkyl groups and one aryl group, 
instead of two aryl groups and one alkyl group. The greater 
effect of the aryl than the alkyl radicals for influencing the anti
knock value of nitrogen is illustrated here also in the relative values 
for ethylam ine and aniline, the latter of which is much more effec
tive  than the former.

Further data on the influence of the atoms or radicals at
tached to nitrogen on its effect upon detonating combustion
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are plotted in Fig. 3, which shows the relative antiknock 
values of a number of derivatives of aniline. Although the 
diagram is self-explanatory, mention may be made of the 
following points: Replacing one of the hydrogen atoms of 
the amine group by an organic radical increases the effec
tiveness in the cases of the methyl, ethyl, and phenyl radicals. 
Thus, methylaniline is 40 per cent more effective molecularly 
than aniline, and diphenylamine is 10 per cent more effective 
than methylaniline; but when an alkyl radical larger than 
ethyl is substituted in the amine group the antiknock effect 
is lowered.

T a b l e  I I — E f f e c t s  o n  t h e  A n t i k n o c k  V a l u e  o f  A n i l i n e  o f  S u b s t i t u t i n g  
V a r i o u s  O r g a n i c  R a d i c a l s  f o r  H y d r o g e n  i n  t h e  R i n g  a n d  i n  

t h e  A m i n e  G r o u p

Reciprocal of mols 
required  to  give 

an ti-knock  effect
equ iva len t to  1 S o u r c e  O F C o m -  

C o m p o u n d  F o r m u l a  mol of an iline0  p o u n d
Aniline CsHsNHi 1 .0  du P on t
Toluidine C H aC oI^N H j 1.226 K astm an
m -X ylidine (C H jhC ellaN H s 1 .4  ) , _
Cum idine (C H 3)aCeH2N H 2 1.51 J du  P on t
E thy lam inobenzene CjH#C«H«NH2 1 .14  'j
n-P ropylam inobenzene C3H?C6H<NH2 1 .1 0  _ , ,
w -Butylam inobenzene C iH iC cIIiN H : 1 .11  I G eneral M otors
A m ylam inobenzene CsH nCeHiNHs 1 .15  R esearch
Am inodiplienyl C iH sC d^N H a 1 .14  J
M onom ethylaniline CoHsNHCHa 1 .4  E astm an
M onoethylaniline C eH iN IIC iH s 1 .0 2  du  P on t
M ono-w-propylaniline C6H 5N H C 3H 7 0 .7 5  ) —
M ono-H -butylaniline C cH tN IIC iH o 0 .5 2  ) E astm an
M ono-iso-am ylaniline C oH jN H C tH u 0 .2 4 8  G eneral M otors

R esearch
D iphenylam ine CcHsNIICeHs 1 .5  E astm an
D im ethylaniline C eH sN fCH sh 0 .2 1  B aker
D iethylaniline C«H6N (C 2Hs)2  0 .2 4  ) T, 4
D i-n-propylaniline CeH»N(C3l l 7h  0 .2 7  ) E astm an

0  Based on concen trations of an iline  up to  3 per c en t by  volum e in 
kerosene.

b A verage of o, m , an d  p values.

The low values for the dialkyl anilines are worthy of note; 
but, as may be seen from Fig. 2, the dialkylanilines are more 
effective than triethylamine, or even than triphenylamine, 
compounds in which the nitrogen atom is bonded to only one 
type of organic radical.

The alkylaminobenzenes exhibit a peculiar type of func
tion. The curve shows not only the dropping off from the 
maximum a t methylaminobenzene (toluidine) tha t character
izes the monoalkylanilines, but also a later increase in molecu
lar effectiveness as the size of the alkyl radical attached to the 
ring becomes larger. The alkylaminobenzenes from the 
ethyl to the amyl were prepared by nitrating and reducing the 
corresponding alkylbenzenes. The compounds so obtained, 
and which theoretically should consist largely of the para 
isomer, were used in determining the values shown. In  this 
fact may lie the explanation for the peculiar shape of the al- 
kylaminobenzene curve, because p-toluidine is about one- 
sixth more effective for eliminating detonation than o-tolui- 
dine or »i-toluidine, both of which are of about equal effec
tiveness. So it appears that the relative percentages of the 
para isomer present in the various alkylaminobenzenes used 
would exert a considerable influence on the shape of the curve.

T a b l e  I I I — N i t r o g e n  C o m p a r e d  w i t h  S o m e  O t h e r  E l e m e n t s  i n  E f f e c t  
u p o n  C o m b u s t i o n

Reciprocal of mols requ ired  to  give 
an  an tiknock  effect equ iva len t to  

1 mol of anilineE l e m e n t

N itrogen

Selenium
Tellurium
Lead

C o m p o u n d

( C jH 6)3N
(C iH *hN H
(CîHihSe
(C2Hs)jTe
(C2Hs)4Pb

0 .1 4
1 .5
G.9

26.8
120.0

nitrogen is only about one-eighteenth as effective molecularly 
as diethyl telluride and only about one-eightieth as effective 
as tetraethyl lead.

N e a r l y  N e u t r a l  N i t r o g e n  C o m p o u n d s  a n d  T h o s e  T h a t  
I n d u c e  D e t o n a t i o n

Some organic nitrogen compounds have very little effect 
upon the character of combustion. Thus, such materials as 
pyridine, quinoline, piperidine, phenylhydrazine, acetamide, 
and organic cyanides have little importance because, rela
tively speaking, the influence they exert upon detonation is 
extremely small. But when nitrogen is bonded into organic

C o m p a r i s o n  o f  N i t r o g e n  w i t h  S o m e  O t h e r  E l e m e n t s

The effects of nitrogen compounds for suppressing detona
tion are small in comparison with those of similar compounds 
of some of the elements described in previous publications.2 
Some comparative values illustrating this point are tabulated 
in Table III . From these data it may be seen that, even in di
phenylamine, one of the best of its compounds reported,

F i g . 3 — I n f l u e n c e  o n  A n t i k n o c k  E f f e c t  o f  A n i l i n e  o f  S u b s t i t u t 
i n g  V a r i o u s  O r g a n i c  R a d i c a l s  f o r  H y d r o g e n  i n  t h e  R i n g  a n d  i n  t h e  

A m i n e  G r o u p

compounds with oxygen, such as nitrates and nitrites, the 
resulting materials are inducers of detonation, the former 
being more effective than the latter. The alkyl com
pounds of this class exert a much greater disturbing in
fluence upon combustion than the corresponding aryl com
pounds. For example, isopropyl nitrite is very much more 
effective than nitrobenzene for inducing detonation. One 
mol of isopropyl nitrite is equivalent in effect upon combus
tion to the inverse of the detonation-suppressing influence of 
over 10 mols of aniline, but the detonation-inducing effect of 
nitrobenzene is very small. Nitric acid, and even some inor
ganic nitrates, can also cause detonation in internal combus
tion engines.

Naturally, the compounds that have a desirable influence 
upon the combustion are those which eliminate or suppress the 
detonation characterizing the burning of most petroleum 
hydrocarbons when the initial compression to which the fuel- 
air mixture is subjected is an economical one. The data 
presented in this paper show that in general the nitrogen com
pounds which are most effective for this purpose are the 
primary and the secondary amines; and of these the aryl 
amines, or those tha t contain a t least one aryl group, have 
much the larger influence for eliminating detonation from 
internal combustion engines.
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The More Common Impurities of Anesthetic E ther1
By A. W . Rowe

E v a n s  M r m o r i a l , B o s t o n , M a s s .

TH E deleterious effects 
of storage on the pu
rity of anesthetic eth

er have received comment 
by several writers. Warden2 
nearly forty years ago found 
aldehyde and peroxide but 
did not identify the latter, 
and about twelve years ago 
an exhaustive study of the 
various contaminants found 
in the more commonly used 
anesthetics was undertaken 
by Baskerville and Hamor.3

A certain number of high-grade anesthetic ethers were 
examined by them and were found, in several instances, to 
contain appreciable amounts of deleterious contaminants. 
More recently the writer has had occasion to reinvestigate 
this problem and certain preliminary results have already 
appeared .4 The present paper deals with a summary of the 
earlier work as an introduction to the presentation of the 
results of studies suggested by it and now in process of com
pletion.

P h a r m a c o p e i a s  R e q u i r e m e n t s

An analysis of the pharm acopeias of the United States, 
(1916), England (1914), Belgium  (1912), France (1920), Germany 
(1910), Switzerland (1907), N orw ay (1913), Ita ly  (1892), Sweden 
( l9 0 l) ,  Japan (1901), R ussia (1902), and Spain (1915) shows a 
very  definite unanim ity in the specifications for anesthetic  
ethers in  relation to contam inants. True, specific gravities as 
listed show m aterial variation am ong them selves and in several 
instances lack a specificity as to the temperatures of observation. 
Further, the boiling points and distillation tests, when included, 
are not in strict m utual conform ity. T he odor, acid, aldehyde, 
and peroxide tests, however, are practically universal and uni
form. Of the tw o latter a .positive aldehyde te st is one of exclu
sion in all the countries except Japan, w hile the peroxide te st is 
om itted only  by Japan and Spain. Germany, N orw ay, Sweden, 
Japan, and Russia specify glass containers.

T e s t s  f o r  P u r i t y

The preliminary studies already cited dealt primarily with 
the establishment of a few simple; dependable tests covering 
the points mentioned, and these may be briefly reviewed as an 
introduction to the body of the paper.

The specific gravity was determined by the Westphal 
balance, the earlier determinations being checked by pycno- 
metric measurements. The ether was contained in a silvered, 
cylindrical Dewar flask and the density determined by a care
fully standardized Westphal balance. Temperatures were 
carefully recorded. Owing to the prevailing laboratory tem
perature, all measurements were referred to a basis of spe
cific gravity a t 25°/25° C. To avoid delay in the measure
ment—a thermally homogeneous ether is essential—the tem
perature coefficient of the specific gravity was determined 
by a series of careful pycnometric measurements, at

1 R eceived A pril 19, 1924. P resen ted  in p a r t  before th e  N ational 
A nesthesia R esearch Society Congress, C olum bus, Ohio, O ctober 31, 1922.

3 A m . J .  Ph?rm ., 57, 14S (1895).
* T in s  J ournal, 3, 301, 378 (1911).
* The Modern Hospital, 17 (1922). Current Res. anaes. analg., 2, 

104 (1923).

different temperatures, and 
was found to be 0.0008 per 
degree. (Corrections for 
temperature a t no time ex
ceeded =*=0.002.) On this 
basis of temperature com
parison, the density of pure 
ether approximates 0.711, 
and as water and alcohol 
represent the two common 
impurities, an upper limit 
of 0.714 was set to embrace 
allowable amounts of these 

two substances. The hygroscopicity of anhydrous ether is 
a complicating factor and determines this somewhat liberal 
specific gravity range.

The boiling point and distillation tests are usually consid
ered together. The former test is nearly valueless, as water 
and alcohol exercise opposite effects on the boiling point. 
The difficulty of carrying out the distillation test in such 
manner as to exclude error makes it time-consuming if properly 
performed, and worthless if carelessly, carried out. In many 
of the later determinations the test was omitted.

In the earlier samples acidity was titrated by the modified 
Vulpius5 technic, but the amounts found were so small that 
the standard qualitative litmus paper test was substituted.

The odor test is easily performed and is surprisingly in
formative concerning the possible presence of the higher 
alcohols and their products, free acids and peroxides.

The aldehyde test is one of the two fundamental exclusion 
tests. The test selected was the standard potassium hy
droxide method, the time being 6 hours. A white turbidity 
may be caused by alcohol; brown or yellow coloration in
dicates the formation of aldehyde resin.

The peroxide test is the second one for basic exclusion and 
is the test for the most commonly found deleterious contami
nant. Following the recommendation of Baskerville and 
Hamor, cadmium and potassium iodide in 10 per cent aqueous 
solution are used as the reagent and the requirement is placed 
a t freedom from liberation of iodine within 1 hour.

Note .— T he various requ irem ents ou tside  of th e  U nited  S ta tes  usually 
specify potassium  iodide alone, b u t as th ;s is no tab ly  sub jec t to  th e  influence- 
of a tm ospheric oxygen when in acid  solution, th e  foregoing technic seems 
to  offer th e  g rea ter accuracy  and  to  be th e  fairer criterion.

R e s u l t s

The present report comprises results obtained from the 
examination of 100  samples of anesthetic ether, gathered 
from widely divergent sources over a period of nearly three 
years, and representing quantities of. material well in excess of 
10 tons.

The tabulated results are divided into three series: The 
first of 25 samples was tested prior to the first report, the 
second of 50 samples contained many lots sent direct from the 
factory; and the third comprised a series of 25 samples the 
majority of which were obtained direct and so not subject 
to the vicissitudes of storage. In  all, 66  ethers complied with 
the standards of the Pharmacopeia and 34 did not. An 
analysis of the rejections is compiled in Table I.

* Chem. Zlg., 11, 1246 (1S87); J .  Soc. Chem. In d ., 6, 750 (1887).

Sim ple tests for the examination of the purity  of anesthetic ether 
have been selected. One hundred ethers have been subjected to these 
tests and thirty-four of these have been found to be seriously contami
nated.

Peroxide and aldehyde are the chief contaminants, the form er 
sharply predominating.

The probability of oxidative changes subsequent to preparation as 
the causative factor has been suggested, and evidence is offered that 
the lime of storage is a factor in determining oxidation.

The deleterious influence of water and dlcohol and the catalytic 
action of the m etal of the container are briefly discussed.
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T a b l e  I — A n a l y s i s  o p  C a u s e s  o p  R e j e c t i o n  o f  E t h e r  S a m p l e s

✓------------------- N u m b e r  R e j e c t e d — ^ - — ------- -
C o n t a m i n a n t  Series 1 Series 2 Series 3 T o tal
A ldehyde and  peroxide 1 3  0 4
A ldehyde 3 0 0 3
Peroxide 8 10 5 23
Acid la  2 0 3a
O dor 0 1 2<* 3a
T o ta ls  \  N u m b er 126 16 66 346

) P e rc e n t  48 32 24 34
a Also con tained  peroxide.
6 C orrecting  for sam ples coun ted  twice.

The first inference to be drawn from the results is that one- 
third of a series of 100  ether samples have been rejected be
cause of failure to comply with the U. S. P. specifications. 
The second lies in the relative results of the three series, in 
which there is apparently an inverse proportion between the 
number of rejected lots and the presumptive period of 
storage. In  other words, there seems to be a clear indication 
that the ether, after being placed in the container, undergoes 
certain deleterious changes.

Further analysis of the table shows tha t aldehyde and per
oxide are the dominant contaminants, with the latter a factor 
in over two-thirds of the samples. An interesting confirma
tion of this conclusion is found in the results of a series of 
analyses made at the Royal Victoria Hospital of Montreal. 
Of 14 samples drawn from three different sources, 3, or 21 
per cent, were rejected because of the presence of peroxide. 
Odor and acid tests were uniformly negative. Five of the 
samples showed turbidity and a white separate referable to 
alcohol, but in none of them was there the brown discolora
tion of aldehyde resin. Two samples showed high specific 
gravities but were otherwise satisfactory.

In the writer’s opinion the presence of aldehyde alone indicates 
an ether contam inated a t the tim e of placing'in the containers; 
those containing peroxide alone, ethers which have probably 
undergone deterioration during storage. W here both are pres
ent the aldehyde probably represents a second phase in the oxida
tion of the ether or the alcohol, although it m ay conceivably be 
due to an initial contam ination.

The term “ peroxide” is used for its nonspecificity, although the  
recent work of Clover“ has done m uch to clear up the question  
of ether oxidation. Clover regards the first oxidative step as the  
formation of an ether peroxide and to this latter body assigns 
what seems to be a probable formula. This by decom position  
could go to  form aldehyde directly, while alcohol and w ater m ight 
be among the other products. In the presence of acid, hydrogen  
peroxide would be formed, and in the opinion of Clover the pres
ence of hydrogen peroxide is to be regarded as indicative of sec
ondary rather than primary oxidation.

A detailed discussion of the oxidative changes is to be the 
subject of a shortly forthcoming paper. A few general con
siderations are pertinent to the present discussion, however.

The three substances normally present in the majority of 
high-grade anesthetic ethers are alcohol, water, and air. 
The statement is usually made tha t alcohol is included to 
prevent the undue cooling effects obtained by the evaporation 
of an alcohol-free ether. Two problems—first, the possible 
prevention of contamination by the presence of alcohol; 
and second, the removal of contaminants by means of alcohol 
—were studied a number of years ago by Thoms.7 He 
concluded that alcohol neither prevented contamination nor 
removed contaminants. Susceptible as it is to oxidation, 
it forms a very evident potential source of aldehyde. Its 
exclusion should improve the keeping power of the ether, and 
the objection to an alcohol-free ether previously cited could 
be met by the addition of definite amounts of pure alcohol 
prior to use.

Water is a powerful catalytic agent for certain types of 
reaction. Further, in the presence of oxygen and many of the 
metals it tends spontaneously to produce hydrogen peroxide,

• J .  A m . Chem. Soc., 44, 1107 (1922).
'  Pharm . Cesell., Berlin, 1894.

a powerful oxidizing agent. Its boiling point is relatively 
high compared with that of ether and if its inclusion is for the 
purpose of moistening the ether vapor the end is hardly 
attained. The substitution of a water bottle through which 
the ether vapor is bubbled gives a far more efficient saturation 
and removes another source 'of potential contamination.

Air cannot be entirely excluded, although the sealing of 
containers of ether at the boiling point of the liquid and with 
the container practically full would cut down the concentra
tion of the active agent. That this offers mechanical diffi
culties is obvious. The current practice in this country is 
to market ether in metal containers and with an appreciable 
air space. The number of chemical reactions catalyzed by 
metal is too great and the details are too well known to require 
comment. Glass, on the other hand, while possessing cer
tain catalytic powers, is far less active in determining the 
velocity of oxidation reactions than is metal. Analyses made 
upon two samples of ether sustain this contention.

The first lot was an anesthetic ether of foreign make, 
bearing the factory date of February 7, 1910. Not 
only had no precautions been observed in the storage' 
of this ether, but for a number of years it had reposed 
on a laboratory shelf subject to all possible vicissitudes of light 
and temperature change. The ether was contained in small, 
dark amber, glass bottles of approximately 150cc. capacity. 
I t  showed a specific gravity of 0.711 indicating the absence of 
all but minimal traces of alcohol and water, and gave defi
nitely negative response to all the tests applied. The second 
ether was contained in an ampul of white glass of about the 
same capacity as the bottle of the first sample. The glass 
ampul, however, was enclosed in a wooden case which effec
tually protected it from light. The specific gravity was 0.711, 
the entire sample distilled between 34° and 35° C., and all 
the tests as given were definitely negative. The exact age 
of the sample could not be ascertained, but it was known to 
be at least several years old. While too sweeping a general
ization should not be based upon the examination of two 
lots of ether, the results obtained are certainly suggestive.

Of the three samples rejected because of odor, one con
tained a large amount of peroxide which could well have been 
the cause (the sharp irritating odor of peroxide has been 
commented on by others), while the other two were contami
nated by appreciable amounts of higher alcohols (fusel oil) 
or their oxidation products. Of the three samples showing 
acid reaction, one contained free hydrochloric acid with ap
preciable amounts of a metallic chloride—in other words, 
soldering fluid. (The odor here was sharp and irritating, 
but as this came from so patently foreign a cause, it is not 
included in the tabulation.) Of the two remaining, one also 
had peroxide in liberal amount and presumably represented a 
later stadium in the oxidation, while no clue to origin was 
given by the analysis of the other.

A c k n o w l e d g m e n t
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Celluloid films so thin that 254,000 of them  could be packed into  
a space an inch thick have been produced by the Bureau of Stand
ards. T hey were made by dissolving the celluloid in am yl 
acetate and dropping the solution on a clean water surface, allow
ing the acetate to evaporate. These films are intended for use 
in connection with some X -ray studies the Bureau of Standards 
is undertaking.
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Mercury Poisoning from Electric Furnaces1'2
B y Louis Jordan and W. P . Barrows

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

FOUR cases of sub
acute or chronic mer
cury poisoning were 

recently experienced in a 
metallurgical research lab
oratory among men operat
ing high-frequency induc
tion furnaces. The condi
tions under which these 
cases of mercurialism de
veloped may exist in other 
research laboratories and 
possibly in a small number 
of industrial plants. The 
insidious nature of the de
velopment of chronic mer
curialism, as well as the se
rious and sometimes fatal 
results of continued or re
peated exposure to very 
small amounts of mercury 
vapor, are clearly shown in the cases under consideration.

I t  should be understood tha t the record of this experience 
with mercury poisoning is in no way made as an indictment of 
the high-frequency induction furnace, since work with this 
furnace subsequent to its recognition as the cause of the poi
soning indicates that with proper precautions it can be op
erated with entire safety. I t  should also be stated that, 
so far as is known, the instance given in the report is the only 
case of serious mercury poisoning among the users of over 
sixty installations of high-frequency furnaces. Nevertheless, 
the seriousness of the cases experienced in these laboratories 
warrants careful attention to protection against the possible 
danger.

M e t a l l i c  M e r c u r y  a  S o u r c e  o f  D a n g e r

The dangers that lie in the frequent handling of mercury 
or the continued exposure to mercury vapor, even at ordinary 
room temperatures, are indicated by data given and cases de
scribed by Kober and Hayhurst.4 In spite of such records of 
the poisonous nature of mercury, its frequent use in chemical 
and physical laboratories without any recognized ill effects has 
probably in many instances led to a certain amount of disre
gard for the possible danger.

V o l a t i l i z a t i o n  o p  M e r c u r y —Kober and Hayhurst state 
that the greatest danger to those who work with mercury lies 
in the fact that it will volatilize a t room temperature. Glaser6 
gives the loss by volatilization of mercury a t room tempera
ture as 0.002  mg. per sq. cm. of surface per hour, increasing 
from 0.016 to 0.727 mg. as the temperature rises from 30° 
to 100° C. Kober and Hayhurst, quoting Renk, give the 
concentration of mercury in the air at various heights above a 
mercury surface of 0.5 square meter. These figures indicate 
the presence of 0.85 mg. of mercury per cubic meter of air a t 
10° C. and 1 meter above the mercury surface. The same

1 Received June  24, 1924.
2 Published by  perm ission of the  D irector, U. S. B ureau  of S tandards.
* T u rner, "M ercurial P o iso n in g /’ Treasury Dept., Public Health Rpts., 39, 

329 (1924),
* " In d u s tria l H ealth ,"  1924. P. B lakiston 's Son & Co., Philadelphia, Pa.
* “ Z ur E lektroanalyse  des Q uecksilbers,” Z . Electrochem., 9, 11 (1903).

authors quote Hertz as giv
ing practically the same 
value for the concentration 
of mercury vapor in air at 
20° G. These concentra
tions given by Renk and 
by Hertz are as great as 
those found to have caused 
the poisoning resulting from 
the operation of high-fre
quency induction furnaces.

A b s o r p t i o n  o f  M e r c u r y  
t h r o u g h  t h e  S k i n — I t  is 
also said that mercury can 
be taken into the body by 
absorption through the pores 
of the skin. A  number of 
cases of poisoning have been 
reported among dentists, 
which were probably due 
to a practice of rubbing 

amalgams in the palm of the hand. Teleky6 tells of an exami
nation by Schulte of the urine of fifteen dentists and tech
nical assistants. Schulte invariably found traces of mercury. 
Teleky also cites Edsall as describing the cases of two 
dentists who contracted mercurial poisoning from working up 
amalgams in the palms of their hands.

In  the course of an investigation of dental amalgams at 
the Bureau of Standards some years ago, one of the men en
gaged in the work had occasion to prepare a considerable 
number of amalgams following the usual practice of dentists 
of working the mixture of solid alloy and mercury to a plastic 
condition in the palm of the hand. The man states that 
shortly after working in this manner for several weeks small 
red areas appeared on his back and left side. They were at 
first diagnosed by a physician as ringworm and so treated 
without any apparent effect. The physician later decided 
tha t his original diagnosis was not correct. No further 
medical treatment was given and the blotches disappeared in a 
short time. This was very probably a symptom of mercury 
absorption which had been caused by the work with dental 
amalgams.

M e r c u r y  i n  H i g h - F r e q u e n c y  C o n v e r t e r s

Obviously the most dangerous condition of work with 
mercury obtains when it is necessary to heat the metal to a 
point where vaporization is rapid. This is actually done in 
operating the present type of high-frequency induction fur
naces whose power is supplied by an oscillatory-current, 
high-frequency converter embodying a mercury discharge 
gap.7

Two high-frequency furnaces have been used quite con
tinuously for several years in the metallurgical chemistry 
laboratories of the Bureau of Standards. The two furnaces 
are in separate rooms. The smaller furnace, rated as a 10-kw.

• K ober and  H ayhurst, op. cit., p. 485.
1 N o rth ru p , Trans. A m . Electrochetn. Soc., 25, 69 (1919). T h e  original 

ty p e  of m ercury  discharge gap w ith  s ta tio n ary  electrodes and  operating  in 
alcohol vapo r is described on pages 128 and  133 of th is  article. A more 
recpnt form of discharge gap w ith m ovable electrodes and  operating  in hy
drogen is described in Chem. Met. Eng., 29, 932 (1923).

Four cases of subacute or chronic mercurial poisoning3 were found  
among men operating high-frequency induction furnaces. One case 
terminated fa ta lly; two of the other three cases were quite serious.

A  suroey of laboratory conditions during operation of the furnaces 
indicated the escape of mercury vapor from  the mercury discharge 
gaps of the high-frequency converters. The concentration of mer
cury vapor in the air beside the furnace during operation was as high as 
0.7 mg. per cubic meter, a concentration sufficient to cause mercury 
poisoning i f  daily  exposure continued for several months or longer. 
Another source of possible poisoning existed in the frequent cleaning 
of the mercury and repairs necessary in the original type of discharge 
gap.

A  new type of discharge gap having stationary electrodes, mercury- 
sealed discharge chambers, and operating in an atmosphere of 
hydrogen, was installed and enclosed in a separate compartment 
fitted with a forced-draft hood. Under these conditions the escape of 
mercury from  the discharge gap could not be detected. Repairs to the 
gap are infrequent and the necessity of cleaning the mercury is prac
tically elim inated in the present equipment.
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installation, was purchased in 1918. The larger furnace, hav
ing a 20-kw. converter, was secured in 1921.

At the time of its purchase the older furnace was equipped 
with the original form of discharge gap with stationary elec
trodes. I t  was operated with this form of gap until shortly 
after the installation of the second furnace. At tha t time the 
gap was remodeled and made of the same type as the gap 
supplied with the newer furnace—namely, with movable elec
trodes. During the operation of these gaps, ethyl alcohol was 
dropped into the discharge gap pot. All gaps were fitted 
with cork gaskets between the cover and the pot of the gap, 
and those with movable electrodes had tightly fitting openings 
or asbestos-packed stuffing boxes through which the electrodes 
moved, and electrical insulators passing through the gap 
cover had asbestos gaskets or packing.

Possible Escape of Mercury Vapor. In  spite of these pre
cautions for making the gap tight, vapors could always escape, 
as evidenced by the odor of alcohol vapors as soon as the 
furnaces began to operate. Some means for the escape of 
alcohol vapor had to be provided, since alcohol was allowed 
to drop into the gap continuously during operation. For 
this purpose a small spring valve for the release of pressure 
within the gap was provided in the cover. On starting up 
the furnaces, slight explosions sometimes occurred inside the 
gap due to alcohol on the mercury surface remaining from a 
previous run. Such explosions sometimes blew out por
tions of the gasket and, as appears very probable in the 
light of subsequent experiences, permitted the escape of large 
amounts of mercury vapor if the damage to the gasket was 
not detected and repaired at once. With a gap of this con
struction, which allowed continual escape of alcohol vapor, 
it is not surprising that mercury vapor also had means of 
escape.

Dangers in  Cleaning and Repair o f Gap. The mercury in 
these gaps rapidly fouled, in spite of the alcohol vapor atmos
phere, and frequent cleaning was required. Breakdown of elec
trical insulation and wearing and breaking of graphite elec
trode tips also made it necessary frequently to open the gap 
and make repairs. The furnace operator on such occasions 
was exposed to danger of mercury absorption from getting on 
his hands or clothing the finely divided mercury that condensed 
in a thick layer on the inside of the gap, as well as from stir
ring up and inhaling this fine dust, unless all cleaning and 
repair work was done while wearing gloves and under a well- 
ventilated hood.

Obviously, in the long-continued operation of a high-fre
quency converter of the type described, there may exist op
portunities both of inhaling mercury vapor and of absorbing 
metallic mercury through the skin.

P o i s o n i n g  a m o n g  F u r n a c e  O p e r a t o r s

Iii the latter part of July, 1923, one of the men, designated 
as “A,” who had frequently operated the induction furnaces 
for the past three years, quite rapidly developed alarming 
symptoms—diarrhea, rapid loss of weight, very marked pallor, 
and great weakness. “A” was sent by his physicians to a 
hospital for rest and observation. The case was at first di
agnosed as ulcerations of the intestine, and later as pulmonary 
and intestinal tuberculosis accompanied by anemia. After 
many examinations and questioning as to possible causes of 
his condition, the possibility of some form of metal poisoning 
was suggested. “A ” stated tha t frequently he had experi
enced headaches after operating the induction furnace, and 
recalled that after one or two periods of unusually frequent and 
continued operation of the furnace he had experienced a 
feeling of general illness. l ie  was sent to a tuberculosis 
sanatorium late in September. In spite of all possible care 
and medical attention no improvement could be brought

about, and he died early in February, 1924. The abnormal 
intestinal activity, continuing almost to í the last, and the 
anemic condition resulting in complete exhaustion were the 
most serious aspects of the case.

While tuberculosis was presumably the immediate cause of 
“A’s” death, the similarity of his condition and symptoms at 
the beginning of his sickness to the symptoms shown by the 
remaining furnace operators in their physical examinations, 
coupled with the fact that “A” had been exposed for several 
years to the conditions which were later shown to have 
caused mercury poisoning in all the other furnace operators, 
make it quite certain that he was also suffering from mercurial- 
ism. The symptoms common to both the case of “A” and 
tha t of the remaining men suffering from mercury poisoning 
were a striking paleness, diarrhea, marked deterioration in 
the condition of the teeth, and headache following any con
tinued operation of induction furnaces.

The final stages of chronic mercury poisoning are said to 
be hemorrhages in various parts of the body and death from 
anemia, septic inflammation, or exhaustion. This description 
follows very closely the last stages of “A’s” sickness.

S u r v e y  o p  L a b o r a t o r y  C o n d i t i o n s —At the first sug
gestion of metal poisoning in the diagnosis of “A’s” case, 
attention was directed towards the mercury discharge gap 
of the induction furnace. The assistance of the United States 
Public Health Service was requested in the study of conditions 
existing in the laboratories during the operation of the fur
naces and in the examination of other men working under 
similar conditions. Dr. J. A. Turner, of the Office of Indus
trial Hygiene and Sanitation, was assigned to the study. His 
report8 of the investigation will merely be summarized here.

Determinations of mercury were made on dust samples 
collected a t various points in the room in which high-fre
quency furnaces were operated; determinations were made 
of mercury vapor in the laboratory air during the operation 
of furnaces; and thorough physical examinations were made 
of all men working with or near the furnaces.

Diffusion of Mercury through Furnace Room. The dust 
samples were collected at points where accidental spilling of 
mercury was most improbable. A sample taken a t a distance of 
15 feet from the furnace, brushed from a narrow ledge above 
the sink and oat of reach from the floor, contained 1.0 per 
cent of mercury. A sample taken at only 7 feet from the fur
nace contained 3.0 per cent of mercury. Inside the cage of the 
converter at places near the spark gap were deposits of fine 
gray powder which on rubbing showed small mercury glob
ules.

Concentration of Mercury Vapor in  Laboratory Air. A t
tempts were made to determine the amount of mercury vapor 
in the air during the operation of the furnaces. The first 
tests were made drawing the air through a glass tube packed 
with gold leaf and glass wool and determining the increase 
in weight of the tube. After subtraction of the value obtained 
from several blank runs when the furnace was not operating, 
these tests showed a small gain in weight which was equiva
lent to 0.5  mg. of mercury per cubic meter of air for the
10-kw. furnace, and 0.4 mg. ¿or the 20-kw. furnace. This
test was, however, a rather crude determination for the 
very small amount of mercury apparently present and no 
evidence of mercury could be detected in the appearance of 
the gold leaf after the test.

The method used for all subsequent tests was based on that 
described by Lloyd and Gardner,9 a colorimetric method 
which is in effect a reversal of the Nessler method for deter
mining ammonia. In place of the usual Nessler solution a 
solution containing ammonium chloride, potassium hy-

• Public Health Rpls., 39, 329 (1924).
» J . Soc. Chem. In d ., 31, 1109 (1912).
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droxide, and potassium iodide is added to the unknown solu
tion containing mercuric chloride. A brown coloration is 
produced, which is matched with small amounts of a standard 
mercuric chloride solution. The method of washing air sam
ples in a dilute aqua regia solution contained in a Palmer dust 
machine is described in detail in Dr. Turner’s report.8 Tests 
by this method made during the operation of the 10-kw. 
furnace indicated the presence of 0.7 mg. of mercury per cubic 
meter of air, an amount somewhat greater than tha t shown by 
the gold-leaf method. Similar samples of air taken when the 
furnace was not operating showed no mcrcuiy. The de
termination of the mercury in the aqua regia solution is very 
accurate. The completeness of the removal of mercury from 
the air passing through the aqua regia in the Palmer machine 
was not checked up, but this procedure certainly gives a re
su lt indicating a minimum probable value and is more direct 
than the gold-leaf method.
• The examination of dust samples from places as distant as 
15 feet from the mercury discharge gap proved tha t mercury 
vapor had been present in the laboratory and had diffused to a 
very considerable distance. The determinations of mercury 
vapor in the laboratory air during the operation of the induc
tion furnace, and the entire absence of mercury if the furnace 
was not operating, proved that the source of the trouble was in 
the discharge gap of the high-frequency converter.

P h y s i c a l  E x a m i n a t i o n  o f  F u r n a c e  O p e r a t o r s —At 
the time of the study of the laboratory conditions during 
operation of the furnaces in question, one of the men most 
concerned with the induction furnaces .was seriously ill 
(case “A” described above). All the seven men remaining in 
the section were carefully examined. Two of these men, 
recent employees, had been exposed to mercury to a very 
slight extent, if a t all, and showed no symptoms of poisoning. 
Two more had operated the furnaces some time previous to 
their examination. Their histories showed tha t they had 
experienced symptoms of mercury poisoning when operating 
the furnaces frequently, but for the past three or four years 
they had been but little exposed. The remaining three men, 
who were operating furnaces at the time of the examination, 
all showed definite symptoms of mercury poisoning.

The details of the examinations and histories of all these men 
are given by Dr. Turner.8 The conclusions of his report in
dicate tha t the presence of mercury vapor in the laboratory air 
in a concentration of 0.7 mg. per cubic meter might result in the 
daily absorption of 0.77 to 1.29 mg. of mercury, and tha t this 
amount will produce symptoms of poisoning. Symptoms of 
chronic mercurialism are described as a copper-colored dis
coloration of the mucous membrane of the pharynx, swollen 
gums, superficial erosions of the mucous membrane of the 
gums and buccal mucous membrane, perialveolar abscesses, 
and occasional increased flow of saliva. Tenderness of the 
gums and teeth, increased intestinal activity occasionally 
developing into diarrhea, gastrointestinal disturbances, 
and neuralgic pains in various joints were also reported.

In  addition to the symptoms of poisoning described in the 
Public Health Reports, it may be said th a t two of the men 
most seriously affected often had exhibited abnormal irri
tability or excitability, and oife man had noted the appear
ance of eruptions and red blotches on his skin. Both these 
symptoms are said to be characteristic of chronic mercury 
poisoning. The effects of the poisoning on the teeth were 
very noticeable in all three of the men regularly operating the 
furnaces. In  the case of the man longest exposed, the loss of 
eight teeth from loosening and abscessing resulted.

The survey of laboratory conditions during the operation 
.of the high-frequency furnaces and the symptoms and his
tories of the four men regularly working with these furnaces 
left no doubt of the existence of an exceedingly dangerous 
state of affairs. The subsequent death of the man whose

illness first called attention to the existence of chronic mer
curialism among the furnace operators all tob clearly empha
sized the necessity of extreme precautions.

E l i m in a t i o n '  o p  D a n g e r

N e w  T y p e  o p  D i s c h a r g e  G a p —A short time previous to 
the recognition of the existence of mercurial poisoning from the 
high-frequency furnace, specifications and drawings for a mer
cury discharge gap somewhat different from the usual type 
had been furnished the bureau. This gap had been devel
oped to eliminate the frequent cleaning and repairs necessary 
in the old type gap. This new gap had stationary electrodes, 
was operated in an atmosphere of hydrogen, and the mercury 
in the discharge chamber was apparently very efficiently en
closed by means of water-cooled mercury seals. This design 
seemed to give promise of eliminating both of the dangers of the 
old gap—that is, eliminating the frequent cleaning and repairs 
as well as the escape of any vapors from the discharge cham
bers. Gaps of this new type were installed in both furnaces. 
The exit hydrogen from the gap was washed by bubbling 
through the water and finally led either directly outside the 
building through a window casing or discharged into a ven
tilating flue of a laboratory hood. A very fine gray powder of 
mercury collected in the bottom of the bubble tube in which 
this exit hydrogen was washed, showing that mercury was 
present in the hydrogen flowing out of the spark gap. This 
exit hydrogen, therefore, must not be allowed to escape 
into the air of the furnace room.

Tests were then made of the mercury content of the air 
during the operation of the 20-kw. furnace equipped 
with the new type hydrogen gap. These tests were made 
with the Palmer dust machine in the same manner as those 
previously described. They showed tha t mercury vapor was 
present in the air during the operation of the furnace in 
amounts slightly over 0.35 mg. per cubic meter of air, 10 
still a dangerous concentration. In  these tests, again, a 
control run when the furnace was not operating showed no 
mercury vapor in the air.

V e n t i l a t i n g  H o o d  a n d  E n c l o s e d  G a p —It was not easy 
to see how the spark gap itself could be constructed so as to 
keep the mercury in the discharge chambers more tightly 
enclosed. Indeed it was hard to believe that the mercury 
detected in the air could have come from the spark gap. 
Nevertheless, three separate tests showed over 0.35 mg. per 
cubic meter with the furnace operating and none when the 
furnace was not operating: Therefore, as a further measure 
of safety, the section of the converter-protecting cage in 
which the spark gap stands was completely boxed in with 
hard asbestos board, and a small sheet-steel hood connected 
to a forced-draft ventilating flue was inserted through the 
top of this enclosing box. The hood was set close down above 
the spark gap, leaving only a few inches clearance of the elec
trical leads to the gap. A sliding glass window was put in one 
side of the enclosing box to permit observation of the gap and 
also to allow an opening into the enclosed chamber so that at 
all times there should be a positive flow of air from the labo
ratory into the enclosed chamber, and thence to the ventilat
ing flue.

Finally, determinations were made of the mercury content 
of the air beside both 10-kw. and 20-kw. furnaces operat
ing under the last-described conditions. The amounts of 
mercury detected under these conditions were so small as to 
be below the limit of accuracy of the analytical method. The 
apparent mercury content of the air during operation of the 
furnaces in four determinations was approjdmately 0.035 mg. 
per cubic meter. However, the control determinations,

10 T u rn er , loc. cit., p. 335.



September, 1924 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y 901

when the furnace was not operating, indicated practically the 
same concentration of mercury. There was, moreover, a 
small blank correction from the reagents used in the analytical 
method. This blank was so small as not to permit any satis
factory estimate of its apparent merfiury equivalent, and no 
correction on this account was made in the results of these 
final tests.

The results showed that, within the limits of accuracy of the 
methods of sampling and analysis used, no mercury was es
caping from the high-frequency induction furnaces as operated 
during these final tests. A trace of mercury vapor may have 
been present in the laboratory air irrespective of whether the 
furnaces were operating or not, but any so present was 
probably considerably less than 0.035 mg. per cubic meter. 
• The recommendation made by the U. S. Public Health 
Service in the final conclusion of its report11 on the study of 
the old type of discharge gap is fully confirmed—namely,

11 T urner, op. cil.t p. 341.

The problem of the prevention of mercurial poisoning in  lab
oratories and industrial establishm ents can best be solved by  
enclosing all apparatus in which mercury is used and by convey
ing the fumes away from the worker’s face so that it  w ill be im 
possible for him  to inhale them.

C l e a n i n g  a n d  R e p a i r i n g  G a p —The fouling of the mer
cury in the hydrogen gap is very slight in comparison with the 
old type of alcohol gap. The necessity of cleaning the mer
cury is thus practically eliminated. Replacements and re
pairs are required very infrequently. When, however, it 
does become necessary for any reason to open the mercury 
chambers of the gap, the furnace operator is protected from 
dust and vapors by the forced ventilation and the constant 
flow of air into the compartment enclosing the gap. The, 
furnace operator should wear rubber gloves at all times when 
handling parts of the mercury chambers of the gap. Thus 
the second source of danger of mercury poisoning which ex
isted in the old form of discharge gap is reduced to a minimum 
in the present equipment.

By-Product Coke Cell Structure1
B y O. O. M alleis

T h b  K o p p k r s  C o m p a n y  L a b o r a t o r i e s , M e u o n  I n s t i t u t s ,  P i t t s b u r g h , P a .

T y p e  of w heel................  E lastic
D iam eter, 10 in c h e s .. .  Thickness, 1/ n  inch
B ore ...................................  D ependen t on d iam eter of m o to r sh aft, which

usually  would be */» inch
Face A, G rade 5, G rain 24THE nature of the cell structure of coke has always been 

considered an important property of coke. In  1917, 
Ramshurg and Sperr2 showed several pictures of cut 

longitudinal sections of cokes made from mixed coals regu
larly coked at different by-product coke plants throughout 
the United States. The relationship of cell structure to poros
ity data was studied and “standards for gaging cell structure” 
were proposed. The present paper is a continuation of the 
earlier work, except tha t the 
present study is confined to 
coke cell structure of un
mixed coals or to mixed 
coals that are very similar.

M e t h o d  f o r  P r e p a r i n g  
C o k e  S e c t i o n s

The apparatus for cutting 
coke is shown by Fig. 1 .
The motor is an ordinary 
dustproof’grinding type mo
tor of Vs horsepower and 
1750 r. p. m. The cutting 
wheel is known in the trade 
as an “elastic” cutting-off 
wheel (abrasive particles 
set in a bond of organic 
materials). The specifica
tions for the wheel which 
have proved very satisfac
tory for cutting coke are:

No attem pt was made to develop an entirely new apparatus, 
but standard material which was readily obtainable was 
used. A Whorsepower motor would probably be more satis
factory, but less than 1/ ,  horsepower would be too small.

Connection to an exhaust 
fan should be provided to 
take care of the coke dust 
while cutting. The usual 
safety guards should be in
stalled.

The coke pieces are fed 
by hand, and with the ap
paratus described it is pos
sible to cut on the average 
approximately twelve pieces 
in an hour, depending on 
the hardness of the coke. 
A mechanical feed may be 
used, but account would 
have to be taken of the 
fractures of the coke pieces. 
In  general, these would not 
permit firm clamping to a 
feed device without break
ing up the piece of coke.

S e l e c t i o n  o f  C o k e —At 
least three representative 
coke pieces, which show the 
usual wall and inner end 
effects, should be cut longi
tudinally. This method 
will show the cell struc
ture for the entire length 
of the piece. The coke

1 P resented  under th e  title  
“ Coke Cell S tru c tu re ” before th e  
Section of Gas an d  Fuel a t  th e  
67th M eeting of th e  A m erican 
Chemical Society, W ashington , 
D; C., April 21 to  20, 1924.

1 J . Franklin In s t., 183, 391 
(1917). F i g . 1 — A p p a r a t u s  f o r  C u t t i n g  C o k e
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pieces should be fairly dry before cutting, and the cut surfaces mounting two 500-watt electric lights with suitable reflectors 
should be thoroughly blown out with compressed air to  get —one on each side of the lens at a distance of about 15 to 18
rid of any dust" which, due to the cutting force, may be inches from the center of the coke surfaces. The pictures
firmly packed in the cells. should be printed on glossy pappr in order to bring out the

P i c t u r e s  o f  C u t  S e c t i o n s —A camera with S  X  10-inch maximum detail.

F i g . 3 — C o k e  f r o m  W a s h e d  N o v a  
S c o t i a  C o a l , C a n a d a

F i g .  4 — C o k e  f r o m  N o .  6  S e a m ,  F r a n k l i n  
C o u n t y ,  I m ,.

F i g . 2 — C o k e  f r o m  B i g  S e a m  C o a l  
J e f f e r s o n  C o u n t y , A l a .

F i g . 6 — C o k e  f r o m  H a r l a n  S e a m , H a r l a n  
C o u n t y , K y .

F i g . 7 — C o k e  f r o m  P i t t s b u r g h  S e a m  C o a l , 
W a s h i n g t o n  C o u n t y . P a .

F i g . 5 — C o k e  f r o m  N o . 4  S e a m , S u l l i v a n  
C o u n t y , I n d .

F i g . 1 0 — C o k e  f r o m  P i t t s b u r g h  S e a m  

C o a l ,  M a r i o n  C o u n t y , W .  V a

F i g . S — C o k e  f r o m  C a r b o n  C o u n t y , 
U t a h , C o a l

F i g . 9 — C o k e  f r o m  T a g g a r t  S e a m  C o a l , 
W i s e  C o u n t y , V a .

plates or films is the most satisfactory for taking the pictures C o k e  P o r o s i t y  D a t a
of the cut sections of the coke. For.purposes of comparison 
all coke sections are taken actual size. This is possible with 
an 8  X 10-inch plate, as nearly all by-product coke pieces are 
shorter than 10 inches. Usually it is possible to take two sec
tions of coke on one plate by mounting the sections on artists' 
modeling clay (Plasticene). Care should be taken tha t the 
sections are mounted so tha t they will be parallel to the focus
ing plate in all directions. The pictures may be taken in 
ordinary daylight, but much better results are obtained by

Twenty cokes have been selected to show the range of 
porosity values which may be encountered in by-product 
coking of American coals. These are shown iii the table. 
Cokes 1, 5, 6 , 7, S, 9, 10, 11 , 12 , 13, 18, 19, and 20 were 
made on 12-hour coking time in Becker ovens having a 14- 
inch average width. All were coked under regular plant 
conditions with the exception of Nos. 19 and 20 (cokes from 
low volatile coals), which were coked in special steel boxes in
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Cokis P o r o s i t y  D a t a  
✓------------  C o a l  C h a r a c t b r i s t i c s -

M oistu re
V olatile

-C oal sieve tes t------ ---- s
T hrough

/------Coke
A pparen t

P orosity
T rue

D ata------s

C ounty S eam C oke  N o .
m a tte r On V 4 in. On y *  m . V« in. specific

g rav ity
specific Porosity

Statu P e r cen t P e r  cen t P e r c en t P e r cen t P er cent g rav ity P e r c en t
Ala. W alker B lack C reek— washed 1 7 .7 36 12 22 66 0 .8 3

0 .9 8
1 .89 56.1

Ala. Jefferson Big Seam — washed 17 262. (F ig. 2) 4 . y ¿o 57 1 .82 4 6 .2
Canada N o v a  Scotia M ixed Coal-w ashed 3 (F ig. 3) 11 .0 34 53 13 34 0 .8 5 1 .93 5 6 .0
Colo. L as A nim as M ixed Coal— washed 4 9 .1 32 80%  th rough  *A in. 1 .0 2 1 .93 4 7 .2
111. W illiam son N o. 6 5 5 .0 35 3 12 85 0 .7 9 1.91 5 8 .6
III. F rank lin N o. 6 6 (Fig. 4) 5 .3 3 6 .5 4 18 78 0 .7 5 1 .7 8 5 7 .9
Ind. Sullivan N o. 4 7 (F ig. 6)

8 (F ig. G)
9 .0 3 9 .5 2 9 89 0 .9 2 1 .93 5 2 .3

Ky. H arlan H arlan 2 .0 37 9 24 67 0 .885 1 .80 5 0 .8
Pa. • A llegheny ' F reep o rt 9 3 .2 34 82%  th rough  Vs in. 0 .97 1 .96 5 0 .5
Pa. F a y e tte B 10 2 .6 25 4 15 SI 0 .8 9 1 .99 5 5 .3
Pa. F a y e tte P ittsb u rg h 11 2 .4 3 2 .5 l l/< in. and  under 1 .09 1.94 4 3 .8
Pa. W ashington P ittsb u rg h 12 (F ig. 7) 4 .8 3 4 .5 19 24 57 0 .91 1.87 5 1 .3
U tah C arbon 13 (F ig. 8)

14 (F ig. 0)
5 .5 4 1 .5 12 18 70 0 .905 1 .79 4 9 .4

Va. W ise T ag g a rt 3 .0 35 70%  th rough  Vs in. 0 .8 5 1.84 5 3 .8
Wash. P ierce M ixed Coal— washed 15 3 .7 3 1 .5 82 .5 %  th rough  V» in. 1 .00 1 .85 4 5 .9
W. Va. F a y e tte N o. 2 Gas 16 3 .2 34 7 22 71 1 .00 1.91 4 7 .6
W. Va. M arion P ittsb u rg h 17 (Fig. 10) 2 .3 3 5 .5 l l/ i  in. and  under 0 .9 3 1 .79 4 8 .0
W. Va. M onongalia P ittsb u rg h 18 (Fig. 11) 3 .3 3 6 .5 7 17 76 1.24 2 .0 2 3 8 .6
W. Va. M cDowell P ocahontas N o. 3 19 (Fig. 12) 1 .8 17 30 23 47 0 .955 1 .95 5 1 .0
W. Va. R aleigh Beckley 20 1 .2 22 33 24 43 0 .9 5 2 .0 0 5 2 .5

Nole .— F o r Cokes 1, 4, 5, 6, 14, 15, 16, tru e  specific g rav ity  was m ade on 200 m esh, boiling V* hour w ithout suction w ith benzene as liqu id ; an d  a p 
paren t specific g rav ity  was by "B o ttle  M ethod— U sing 1-inch C ubes.” See th e  “ G as C hem ists’ H andbook,” 1922, p. 55._

F o r o th e r cokes, th e  porosity  de te rm ina tion  was m ade according to  
Serial D esignation D -167-23T , 1923.

The m ethod in use a t  th e  tim e th e  cokes in question  were te sted  was em ployed.

T en ta tiv e  M ethod  of T est for Volume of Cell Space of Lum p C oke,”  A. S. T . M .

Benzene tends in m ost cases to  give slightly  lower values for tru e  spe
cific g rav ity  th a n  w ater; b u t th e  differences, according to  d a ta  availab le, a re  n o t consisten t, as in some cases bo th  benzene an d  w ater give th e  sam e values. 
[Rose, T h is  J o u r n a l ,  14, 1047 (1922); an d  Selvig and P a rke r, Chem. M el. Eng., 28, 547 (1923).] T he  use of 1-inch cubes in place of full-length coke pieces 
according to  th e  A. S . T . M . m ethod m ay  give s ligh tly  d ifferent values for th e  a p p aren t specific g rav ity . However, several com parisons were m ade w ith  the  
“ l-inch  cube”  a n d  th e  “ A. S. T . M .” m ethods, an d  b o th  m ethods gave p rac tically  th e  sam e per cent porosity , provided th a t  the  coke a c tu a lly  used in th e  a p 
paren t specific g rav ity  de te rm ination  was pulverized for th e  tru e  specific g ra v ity  determ ination .

a  Becker oven under as nearly regular plant conditions as 
possible. The rest of the cokes were made in Koppers ovens 
a t various plants. The average oven width was approxi
mately 18.5 inches and the coking time varied between 16.5 
and 19 hours, with exception of Cokes 14, 16, and 17, 
which were coked on 22.5-hour coking time. The table also 
gives some of the characteristics of the coals from which 
these cokes were made. I t  will be noted tha t the variation in 
porosity data is really quite large.

A pparen t specific g ra v ity .................  0 .7 5  to  1 .24
T ru e  specific g ra v ity ..........................  1 .79  to  2 .0 2
P er cen t p o ro s ity .................................. 3 8 .6  to  58 .6

A value of 1.10 is 
more representative 
of the upper limit for 
a p p a r e n t  specific  
gravity as the high 
value of 1.24 was ob
tained for only one 
out of a large number 
of cokes tested, and is 
really an abnormally 
high value, although 
included to show the 
extreme range of val- 
ues<found. If the up
per limit for apparent 
specific gravity is 1.10 
the range for porosity 

would be from about 43 to 58.6 per cent for the set of values in
• the table.

C o k e  C e l l  S t r u c t u r e  P i c t u r e s

Eleven of the cokes described in the table have been se- 
Mected to show the general character of coke structure (Figs. 
.2 to 12, inclusive) . 3 These figure numbers are also indicated 
'for comparison with porosity values.

C o m p a r i s o n  o f  C o k e  C e l l  S t r u c t u r e 4 a n d  t h e  P o r o s i t y  
D ata—On com paring th e  p ictures o f th e  cell structure w ith

* All pictures of sections of coke were selected from  the  portion  betw een
1.5 and  3.5 inches from  th e  wall end of th e  coke piece, and  show th e  cell

• structu re  actual size.
4 T hau , Chem. Met. Eng., 30, 222, 306 (1924), showed in teresting  pic

tu r e s  of coke including-pictures of cu t sections, toge ther w ith  a few porosity  
^values.

lF ig . 1 1 — C o k e  p r o m  P i t t s b u r g h  S h a m  C o a l ,  

M o n o n g a l i a  C o u n t y ,  W . V a .

the corresponding porosity data, it will be noted tha t in some 
cases there is very good agreement while in others there is 
apparently wide disagreement. The cell structure in Fig. 
11 shows very “ dense," and this agrees with the low porosity 
value for this coke. Fig. 4 (Illinois coke) also appears to 
have “dense” cell structure, but the porosity value is among 
the highest of the entire series. On closer examination of the 
cell structure of the Illinois cokes, it will be seen tha t the cokes 
consist of a large number of very small cells with very thin 
cell walls and are really “finely porous” instead of being 
“dense;” the total volume of cell space is large.

By comparing the picture of a cut section with its cor
responding porosity, it can readily be seen that some descrip
tion of the cell structure is necessary for proper interpretation 
of the porosity data. Ramsburg and Sperr proposed stand
ards for gaging cell structure based on average size of cells 
which were assigned numbers 1 to 4, inclusive, No. 1 being 
the smallest size cell structure and No. 4 the largest. In  
the study of various coke sections, the thickness of the cell 
walls should also be 
included.

I t  would be hard to 
make a clear-cut clas
sification of coke ac
cording to cell struc
ture; yet, in the study 
of various coke sec
tions, four divisions 
suggest themselves:

1— Very small cells 
with very thin cell walls.
Cokes from Illinois No.
6 Seam, Utah, and low 
volatile coking coals 
come under this head
ing. I t  is very surpris
ing that cokes from 
coals so widely differ
ent as low volatile and Illinois coals should have similar type of 
cell structure.

2—Large cells with thin cell walls. Cokes from m any K entucky, 
Alabama Black Creek Seam, m any W est Virginia and N ova  
Scotia coking coals would answer this description. Coke from 
Indiana N o. 4 Seam coking coals would also belong here, although  
it is not usually considered such good coking coal as the other coals 
mentioned. The cell walls are_not nearly so thin as in Class 1.

Fro . 1 2 — C o k e  p r o m  P o c a h o n t a s  N o .  3  
S u a m ,  M c D o w e l l  C o u n t y ,  \v. V a .
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3— Sm all to medium cells with fa ir ly  thick cell walls. Cokes 4— Large cells with fa ir ly  thick cell walls. Cokes from some
from many Pittsburgh seam and som e Alabama, Colorado, and Pittsburgh and Freeport seam  coals wpuld com e under this class. 
W ashington coking coals w ould be placed in this class. ■ . H owever, thick cell walls of this class of structure are often

“finely porous.”

Two Forms of a Constant Water-Level Device1
By H . D . W ilde, Jr.

U n i v e r s i t y  o f  T e x a s , A u s t i n , T e x a s

IN SOME work recently done a t this laboratory, several 
water baths made of enameled iron vessels were used. 
A device for maintaining the water-level constant by re

placing the water lost through evaporation was desired, 
but the common form of the device, shown in Fig. 1, has sev
eral objections. In  the first place, in order to attach this de
vice to the bath, a hole must be made in the side of the ves

sel, which injures the lining 
of the vessel and renders it 
unfit for other purposes.

In the second place, when 
the device is once attached to 
the vessel, it cannot be easily 
removed. In the third place, 
though the overflow tube is 
movable, after the bath has 
been used for some time the 
rubber tubing tha t fastens it 
to the device usually gets hard 
and sticks tenaciously to the 
overflow tube; it is then diffi

cult to change the adjustment to maintain the water level at a 
new height.

Two forms of such a device were developed which have 
the following advantages over the common form: They are 
easily made from materials found in any laboratory; they do 
not require a hole in the side of the bath, and therefore they 
do not injure the vessel and may be used with glass or stone
ware vessels; they may be readily changed from one vessel to 
another; and they are easily adjusted to maintain the water 
level at any desired point.

F i r s t  F o r m  

One form of this device is 
shown in Fig. 2. In principle 
this is but a modification of the 
common form shown in Fig. 1.
I t  consists of a glass tube,
F, about 3 cm. in diameter 
and 15 cm. long. The lower 
end is closed by a 1-hole rubber 
stopper through which the glass 
tube CE is so inserted that 
the end C is about 4 cm. from 
the upper end of the tube F.
The upper end is closed by a 3- 
hole rubber stopper. Through 
one hole is inserted a short inverted U tube, A , which serves 
as an inlet for the water; through a second hole is inserted the 
long inverted U tube B, which serves as a siphon between the 
bath and the tube F; while the third hole serves as a vent to 
the atmosphere. The holes in the stoppers should be so 
arranged that the end of the inlet A  will not be directly above 
the overflow E.

1 Received April 24, 1924.

The device is held in a clamp so tha t the arm B  is within the 
water bath. The height of the device is so adjusted that the 
level of the overflow E  is slightly above the level at which 
the water within the bath is to be maintained. Since the 
water in the arm of the siphon over the bath is warmer than 
the water in the other arm, the level in the bath will be slightly 
lower than the level of the overflow tube, but the difference will 
be so small as to be negligible. A small stream of water is 
sent through the inlet tube A , and the overflow tube C is 
connected with the drain by means of a rubber tube. The 
siphon tube may be filled with water by pinching the rubber 
tube below C and closing the vent D. I f  the water level in 
the bath is below the level of E, water will flow through the 
siphon into the bath until the level rises to the height of E. 
After that, all the water entering through A  will overflow at 
E  and discharge into the 
drain. If the level of the 
water in the bath rises above 
the level of E, water will 
flow out of the bath through 
the siphon and overflow E.
Although the water in the 
bath is a t the boiling tem
perature, steam will not 
form in the siphon or give 
any trouble. The water in 
the siphon is cooler than the 
water in the bath- and will 
condense any steam that 
may enter the siphon tube.

S e c o n d  F o r m

The second form of the device is made entirely of ordinary 
glass tubing,' bent and sealed together as shown in Fig. 3. 
The dimensions should be so chosen tha t the jo in ts  is about 
10 cm. lower than the joint E, the end B  a t about the same 
level as F, and the arm BG long enough to permit the lowering 
of the device to such an extent tha t E  will be at the lowest 
level a t which the water is to be maintained.

The device should be held in a clamp so tha t the arm BG 
is within the bath and the device adjusted so tha t the level 
of the overflow E  is slightly above the level a t which the water 
is to be maintained within the bath. A small stream of 
water is sent through the' inlet' A  and the overflow tube C 
connected to the drain. If the vent D is closed and the rub
ber tube below C is pinched, the siphon BG will be filled with 
water. The device is then ready for operation.

Both of these devices, when once adjusted, require no 
further attention, and are very satisfactory.

The Canadian Carbonate Com pany, Ltd., has bought Canadian 
rights for the patent of the United States Industrial Alcohol 
Com pany for the absorption and purification of carbon dioxide, 
as produced in alcohol m anufacture. T he patent will be operated  
in M ontreal and Calgary.

B :
1_‘ I
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Viscosity-Temperature Curves of Fractions of Typical 
American Crude Oils1,2

Second Paper

By F. W . Lane and E . W . D ean

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

THE following crude 
oils were selected for 
the tests: (1), (2), (3) 

one sample each of Pennsyl
vania, Wyoming, and Cali
fornia crude, as heretofore 
described;3 (4) a sample of 
crude petroleum from Big- 
heart field, Osage County,
Oklahoma, which was re
garded as representative of 
Midcontinent oils; (5) a sample of crude petroleum from Sour 
Lake field. This oil was considered representative of the Gulf 
Coast production. These samples were analyzed according 
to the procedure adopted by the Bureau of Mines,4 and the 
results for Oils 4 and 5 appear in Table’ I. Similar analyses 
for the other crudes have already been reported .3

Viscosity determinations were made on each individual 
fraction, distilled a t atmospheric pressure between the limits 
of 100° to 125° C. (212° to 257° F.), 125° to 150° C. (257° to 
302° F.), etc., up to 250° to 275° C. (482° to 527° F.), and on 
all “vacuum” fractions distilled at 40 mm. absolute pressure. 
The identity of these fractions will be made clear by reference 
to the analytical data of Table I. The fractions are herein
after designated by letters and numbers indicating the crude 
oil from which they were derived, the pressure a t which 
they were distilled, and the upper distillation limit, in degrees 
Centigrade. Thus, “T-A-225” represents a fraction from the 
typical Texas crude, distilled a t atmospheric pressure, be
tween the temperatures of 200°and 225° C. (392°and437°F.). 
The abbreviation “0-V-250” indicates tha t this particular 
fraction was distilled from the typical Oklahoma crude, at 
an absolute pressure of 40 mm., between temperature limits 
of 225° and 250° C. (437° and 482° F.).

I t  has been thought worth while to present in this paper a 
revision of the viscosity data previously published on frac
tions prepared from typical Pennsylvania, Wyoming, and 
California crudes. The revision in no respect changes the 
conclusions drawn in the earlier paper. D ata for oils de
rived from typical Midcontinent and Gulf Coast crudes are 
also given. In addition, the following special oils were dealt 
with:

(1) "P -R ,” the residuum from the distillation of the Pennsyl
vania crude.

(2) "P -M ixt,” a m ixture of “ P -R ” and the fraction “ P-V-225.”
(3) “ P -C -M ixt,” a  m ixture of "P -R ” and the California frac

tion "C-V-250.”
(4) “ O -R,” the residuum from the distillation of the Oklahoma 

crude.

Viscosity determinations werè-made on the various fractions 
of oil produced in the analytical distillation of the crude

1 Presented  before the  Section of Petro leum  C hem istry  a t  th e  64th 
M eeting of th e  A m erican C hem ical Society, P ittsb u rg h , P a ., Sep tem ber 4 
to 8, 1922. R eceived Ju n e  5, 1924.

1 Published b y  perm ission of the  D irecto r, U. S. B ureau of M ines.
* T h i s  J o u r n a l , 1 3 ,  7 7 9  ( 1 9 2 1 ) .
‘ D ean, H ill, S m ith , and  Jacobs, B ur. M ines, Bull. 207.

Some lime ago the Bureau of M ines undertook, an investigation for  
the purpose of obtaining information relative to the Variation of 
viscosity with temperature for a rather wide range of petroleum prod
ucts of known origin and of accurately determined physical proper
ties. P art of these data was presented by the authors in a previous 
article.3 Results of the remaining work °re given in the present 
paper together with a revision of the previous data. A  method of 
rectifying the lempcralure-viscosity curves is also discussed, and the 
possibility of its practical utilization is pointed out.

t.

(Table I). The results of 
this work, expressed in 
terms of kinematic viscos
ity, are given in full in 
Table II. The specific 
gravity of each oil a t 15.6° 
C. (60° F.) is given in Table 
I, and it is therefore possi
ble to convert the given fig
ures into absolute viscosity 
by making use of the petro

leum expansion tables published by the Bureau of Standards5 
and the equation6

M =  Vkd 
where m =  absolute viscosity in poises 

Vi-. =  kinematic viscosity
d =  density of oil a t temperature of determ ination

In Table I I I  are given the Saybolt Universal viscosities of 
the heavier fractions for kinematic viscosities greater than
0.0142. Transformations were made from Table II  by the 
use of the equation recommended by the Bureau of Standards

Vk =  0.00216«, -  ou

in which Vk =  the kinem atic viscosity
t ,  =  the Saybolt Universal viscosity

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

The oils used were prepared by distilling the crude petro
leum as described by Bureau of Mines.4 The first paper3 
contained a very brief outline of this method, as well as a 
description of the Ostwald viscometers used, and the method 
employed in filling them. The same apparatus and method of 
operation have been retained in the new work herein reported.

S t a n d a r d i z a t i o n  o f  V i s c o m e t e r s —All viscometers were 
restandardized, and the new values of the constants were 
found to be practically identical with those previously de
termined. The four slow flowing viscometers, having the long, 
fine capillaries and large bulbs, were calibrated with water 
a t three temperatures. The other instruments could not be 
standardized satisfactorily with this liquid, because of the 
very short efHux times obtained. I t  was possible, however, 
to choose an oil which, at 50° C. (122° F.), showed a suitable 
rate of flow, both in the slow flowing viscometers, already 
calibrated against water, and in all the remaining instruments. 
The values of the constants for the latter were therefore based 
on the water constants of the slow flowing viscometers. In 
'computing these constants the general equation

Vk = *  -  7
was abbreviated to T *  =  At, in which 7* =  the kinematic 
viscosity, t =  the efflux time, and A  =  the viscometer con
stant to be determined. With the rate of flow adopted in the 
present work, the kinetic energy correction, represented by

the term was shown to be negligible.
t i

5 Bur. Standards, Circ. 57.
• Bur. Standards, Tech. Paper  100, p. 7.
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T a b l e  I — A n a l y s e s  o p  T y p i c a l  C r u d e  O i l s  f r o m  t h e  M i d c o n t i n e n t  a n d  
G u l f  C o a s t  F i e l d s  b y  B u r e a u  o f  M i n e s  M e t h o d »

■ / Sam ple 625
O klahom a B igheart F ie ld  Osage C ounty  

Specific g rav ity , 0.846 A. P. I. g rav ity , 35.8°
P e r cen t su lfur, 0.19 P e r cen t w ater, 0.1

D istillation, Bureau o f  M ines H em p el Method
Air d istilla tion , barom eter, 738 m m . F ir s t drop , 54° C. (129° F .)

C loud
✓----- T em pera tu re ------ s P er cen t Sum g rav ity ° A. P . I. te s t

° C. o F cu t P er cen t cu t c u t ° F .
U p to 50 U p to  122
50 -  75 122-167 0 .9  . 0 . 9 ) 0 .719 6 5 .3
75 -100 167-212 3 .5 4 .4  }
100-125 212-257 5 .4 9 .8 0 .738 6 0 .2
125-150 257-302 5 .6 15 .4 0 .758 5 5 .2
150-175 302-347 6 .3 21 .7 0 .778 50 .4
175-200 347-392 5 .0 26 .7 0 .796 4 6 .3
200-225 392-437 6 .4 33 .1 0 .814 4 2 .3
225-250 437-482 6 .0 39 .1 0.S28 3 9 .4
250-275 482-527 7 .0 4 6 .0 0.841 3 6 .8

V acuum  d is tilla tion  a t  40 m m.
U p to  200 U p to  392 5 .7 5 .7 0 .857 3 3 .6 16
200-225 392-437 6 .9 12 .6 0 .867 3 1 .7 28
225-250 . 437-482 6 .4 19.0 0 .876 3 0 .0 46
250-275 482-527 5 .3 2 4 .3 0 .886 2 8 .2 66
275-300 527-572 6 .2 3 0 .5 0 .892 27 .1 81

C arbon residue of residuum , 5.3 per cent
Sam ple 725

T exas Sour L ake F ield 
Specific g rav ity , 0.941 
P er cen t sulfur, 0.655

H ard in  C ounty  
A. P . I .  g rav ity , 18.9° 
P e r c en t w ater, 1.1

D istillation, Bureau o f M ines Ilem pel Method

A ir d istilla tion  Specific 
✓------T em p era tu re------«. P er c en t Sum  g rav ity 0 A. P.

° C. ° F. cu t Per cent cu t cu t
U p to  50 
50 -  75 
75 -100  
100-125

U p to  122 
122-167 
167-212 
212-257 0 .8 0 . 8 ) 0 .778 50.4125-150 257-302 0 .7 I . 5 )

150-175 302-347 1 .2 2 .7 0.801 4 5 .2
175-200 347-392 1 .9 4 .6 0 .832 3 8 .6
200-225 392—'137 3 .6 8 .2 0 .858 33 .4
225-250 437-482 6 .3 14 .5 0 .880 29 .3
250-275 482-527 9 .1 23 .6 0.901 2 5 .6

U p to  200
V acuum  d istilla tion  a t  40 mm.

U p to  392 6 .8  6 .8  0 .924 2 1 .6
200-225 392-437 7 .8 14.6 0 .942 18.7
225-250 437-482 7 .6 2 2 .2 0 .953 17 .0
250-275 482-527 7 .5 29 .7 0 .963 15.4
275-300 527-572 8 .2 3 7 .9 0 .967 14.8

C arbon residue of residuum , 7.2 per cen t 
a F o r th e  analysis of typ ica l P ennsy lvan ia , W yom ing, and  California 

crudes see previous paper. T he m ethod of analysis is described in Bur. 
M ines, B u ll. 207.

F il l in g  t h e  V i s c o m e t e r s —The mechanical details of filling 
the viscometers were discussed in the previous paper.3 One 
aspect of this phase of the work may well be reemphasized 
here. In  the ordinary use of the Ostwald type of viscometer, 
it is customary to introduce a given volume of oil a t the tem
perature a t which the viscosity determination is made. In 
the present work such a procedure would be impracticable 
both on account of the nature of the liquids used and because 
of the large number of refillings tha t would be required. The 
viscometers may be filled a t any suitable temperature, and the 
efflux time determined a t any other temperature, provided a 
correction is made to compensate for the change in head 
brought about by the change in volume of the oil. In  the 
present work it has been found convenient to fill the viscome
ters a t 25° C. (77° F .)  and, in a few instances where the oils 
were very viscous, at 100° C. (2 1 2 ° F .). The determination 
of the correction, or "filling factors,” to be used in correcting 
viscosity determinations made a t temperatures other than at 
which filling was done, was accomplished as follows: The 
efflux time was determined twice for a given oil a t 100° C. 
(2 1 2° F .) , the viscometers having been filled first a t 25° C. 
(77° F .) and then a t 100° C. (212° F .) . The ratio (1.018) 
of the values so obtained is the filling factor a t 100° C. (212° 
F .) when the filling is made a t 25° C. (77° F .) . Under the 
same conditions the filling factor a t 25° C. is 1.000. I t  was 
shown, furthermore, that the change of this factor with tem
perature may be represented adequately by a straight line, 
and hence the correction, or filling factor, to be used a t any 
of the experimental temperatures may be read from the 
straight line connecting the two points just mentioned. I t

was found that a single set of filling factors could be used for 
all viscometers, the mean deviation from the average values 
being only 0.3 per cent.' Filling factors have been redeter
mined in the present work and are given in Table IV.

Other miscellaneous operating details were given in the 
previous paper.

C a l c u l a t i o n  o f  R e s u l t s —The equation for calculating 
the results is

where Vk =  kinem atic viscosity
t  =  efflux tim e in seconds
/  =  filling factor, properly chosen for the temperature 

of operation  
A — viscom eter constant

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

Table I I  gives the experimental results in terms of kine
matic viscosity. Corresponding Saybolt Universal values 
are given in Table III. Fig. 1 shows graphically the tempera- 
ture-viscosity data for certain fractions derived from the 
typical Pennsylvania, California, and Texas crude oils. 
I t  will be noted that in general, the Pennsylvania oils show the 
least rapid change of viscosity for a given change in tempera-

23 40 65 S3 ¡00
TEXAS FRACTIONSPENNSYLVANIA FRACTIONS CALIFORNIA FRACTIONS 

TEMPERATURE, 'C.

F i g . 1 — V i s c o s i t y - T e m p e r a t u r e  C u r v e s  o f  C e r t a i n  F r a c t i o n s  D e r i v e d  
f r o m  P e n n s y l v a n i a , C a l i f o r n i a , a n d  G u l f  C o a s t  C r u d e  P e t r o l e u m

ture, the California oils are intermediate in this respect, 
while the fractions from the Texas crude show the greatest 
change of viscosity for a given temperature increment. 
Furthermore, it will be observed that the most impressive 
differences appear in the higher fractions, while the tempera- 
ture-viscosity characteristics of the lighter oils are quite
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T a b l e  ' I I — K i n e m a t i c  V is c o s i t i e s  o f  a  S e r i e s  o f  P r o d u c t s  D e r i v e d  f r o m  F i v e  T y p ic a l  A m e r i c a n  C r u d e  O i l s

D e s i g 
n a t i o n

o f
P r o d u c t

P-A-125
P-A-150
P-A-175
P-A-200
P-A-225
P-A-250
P-A-275
P-V-200
P-V-225
P-V-250
P-V-275
P-V-300
P-R
P-M ixt.

- D e s c r i p t i o n  o f  P r o d u c t —n 
Pressure T em pera tu re

under which lim its of cu ts
distilled 1 C. * F .

0°
32°

A tm ospheric 100-125 212-257 
A tm ospheric 125-150 257-302 
A tm ospheric 150-175 302-347 
A tm ospheric 175-200 347-392 
A tm ospheric 200-225 392-437 
A tm ospheric 225-250 437-482 
A tm ospheric 250-275 482-527 
40-m m . vac. 175-200 347-392 
40-m m . vac. 200-225 392-437 
40-m m . vac. 225-250 437-482 
40-m m . vac. 250-275 482-527 
40-m m . vac. 275-300 527-572 

Residuum  
M ix tu re  residuum  and  fraction  

P-V-225

0.0113
0.0143
0.0203
0 .0302
0.0466
0.0746
0.131

10° C. 20° C. 30° C. 40° C.
50° F . 68° F . S6° F . 104° F . :

A — Pennsylvania crude
0.00787 0.00706 0.00643 0.00590
0.00973 0.00871 0.00778 0.00702
0.0122 0.0106 0.00944 0.00S42
0.0168 0.0142 0 .0123 0.0109
0.0241 0.0199 0.0169 0 .0145
0 .0348 0.0278 0.0227 0 .0190
0 .0534 0.0409 0.0324 0 .0265
0 .0890 0.0642 0 .0493 0.0385
0 .139 0 .0960 0.0700 0.0536

0.155 0.107 0 .0786
0 .173 0.121

0 .204
1 .55
0.173

50c 
1 2 2 °

60 c 
140°

80c 
176°

C. 100c 
F . 212°

K i n e m a t i c  V i s c o s i t i e s  C a l 
c u l a t e d  o r  I n t e r p o l a t e d  
f o r  I n d i c a t e d  T e m p e r a t u r e  
37.8° C .  54.4° C .  98.9° C .  

100° F . 130° F . 210° F .

0.00536
0.00640
0.00758
0 .00953
0 .0125
0 .0162
0.0220
0 .0315
0 .0424
0.0597
0.0883
0.143
0.829
0.125

0.00499
0.00591
0.00689
0.00857
0.0110
0.0140
0.0186
0.0258
0.0348
0.0472
0.0678
0.105
0.537
0.0943

0.00443
0.00509
0.00600
0.00717
0.00899
0.0112
0.0143
0 .0192
0 .0242
0.0320
0.0441
0.0633
0.261
0.0579

0.00448
0.00531
0.00618
0.00750
0.00920
0.0115
0.0148
0.0180
0.0231
0.0303
0.0422
0.147
0.0398

0.0409 0 .0290 0.0150
0 .0572 0 .0390 0.0183
0 .0849 0 .0542 0 .0236
0 .133 0 .0793 0.0311

0.126 0 .0433
0.701 0 .153
0.111 0 .0407

B — California crude
C-A-125 A tm ospheric 100-125 212-257 
C-A-150 A tm ospheric 125-150 257-302 
C-A-175 A tm ospheric 150-175 302-347 
C-A-200 A tm ospheric 175-200 347-392 
C-A-225 A tm ospheric 200-225 392-437 
C-A-250 A tm ospheric 225-250 437-482 
C-A-275 A tm ospheric 250-275 482-527 
C-V-200 40-m m . vac. 175-200 347-392
C-V-225 40-m m . vac. 200-225 392-437
C-V-250 40-m m . vac. 225-250 437-482
C-V-275 40-m m . vac. 250-275 482-527
C-V-300 40-m m . vac. 275-300 527-572
P-C -M ixt. M ix ture  of Pennsylvania  res

idue and  C-V-250

W-A-125
W-A-150
W-A-175
W-A-200
W-A-225
W -A-250
W-A-275
W-V-200
W-V-225
W-V-250
W-V-275
W-V-300

0-A-100
O-A-125
0-A-150
O-A-175
0-A -200
O-A-225
0-A-250
O-A-275
0-V-200
O-V-225
0-V-250
O-V-275
0-V-300
O-R

T-A-200
T-A-225
T-A-250
T-A-275
T-V-200
T-V-225
T-V-250
T-V-275
T-V-300

A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
40-m m . vac. 
40-m m . vac. 
40-m m . vac. 
40-m m . vac. 
40-m m . vac.

A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
A tm ospheric 
40-m m . vac. 
40-m m . vac. 
40-m m . vac. 
40-m m . vac. 
40-m m . vac.

100-125
125-150
150-175
175-200
200-225
225-250
250-275
175-200
200-225
225-250
250-275
275-300

75-100
100-125
125-150
150-175
175-200
200-225
225-250
250-275
175-200
200-225
225-250
250-275
275-300

R esiduum

212-257
257-302
302-347
347-392
392-437
437-482
482-527
347-392
392-437
437-482
482-527
527-572

167-212
212-257
257-302
302-347
347-392
392-437
437-482
482-527
347-392
392-437
437-482
482-527
527-572

0 .0104 0.00913 0.00811 0.00735 0.00661 0.00603 0.00556 0.00475
0 .0125 0.0109 0.00959 0 .00858 0.00768 0.00701 0.00649 0.00554 0.00485
0 .0165 0 .0140 0.0120 0 .0106 0.00936 0.00837 0.00760 0.00633 0.00547
0.0227 0.0187 0.0158 0 .0135 0.0118 0.0104 0.00928 0.00760 0.00648
0.0339 0 .0268 0.0217 0.0181 0.0154 0.0134 0.0118 0.00941 0.00785
0 .0532 0.0401 0 .0313 0 .0252 0.0209 0.0177 0.0152 0.0118 0.00950
0 .0956 0.0667 0.0491 0.0377 0 .0302 0.0247 0.0207 0.0154 0.0120
0 .220 0.136 0.0916 0 .0652 0.0487 0.0383 0.0306 0.0213 0.0161 0 .0524 0.0349 0 .0164

0.289 0.174 0.115 0.0807 0.0596 0.0456 0.0298 0.0213 0.0882 0.0535 0.0217
0.845 0.436 0.254 0.161 0.110 0.0790 0.0467 0.0309 0.181 0 .0966 0 .0317

0.688 0.383 0.233 0.154 0.0798 0 .0480 0.450 0 .198 0 .0498
0.825 0.457 0.280 0.127 0.0710 0.379 0.0741

C
0 .332  

— W yom ing crude
0.216 0.149 0.0817 0.0515 0 .187 0 .0532

0.00942 0.00838 0 .00745 0.00674 0.00605 0.00561 0.00524
0 .0116 0.0101 0.00891 O.OOSOl 0.00724 0.00660 0.00610 0.ÓÓ531 0.ÓÓ469
0 .0153 0.0131 0 .0114 0.0100 0.00890 0.00798 0.00739 0.00611 0.00526
0.0210 0.0174 0 .0148 0 .0128 0.0113 0.00995 0.00891 0.00738 0.00621
0 .0304 0.0244 0.0201 0.0169 0.0145 0.0126 0.0112 0.00895 0.00744
0 .0462 0.0354 0 .0283 0 .0232 0 .0193 0.0164 0 .0142 0.0112 0.00905
0 .0753 0.0552 0 .0418 0.0329 0.0268 0.0223 0.0189 0.0143 0.0113
0.147 0.0997 0.0709 0.0531 0.0413 0.0330 0.0272 0.0196 0.0151 0.0439 0.0305 0 .0153

0.152 0.104 0.0751 0 .0565 0.0442 0 .0354 0.0247 0.0183 0 .0606 0 .0403 0 .0186
0.179 0.122 0.0879 0.0659 0,0516 0.0344 0.0246 0.0953 0 .0596 0.0251

0 .210 0.143 0.104 0.0774 0.0478 0.0327 0.158 0 .0922 0 .0335
0 .255  

D— Oklahoma crude
0.173 0.124 0.0722 0.0464 0.151 0 .0478

0 .00770 0.00692 0.00627 0.00567 0.00523 0.00484
0.00929 0.00824 0.00741 0.00663 0.00608 0.00558 0.00518
0.0113 0.00991 0.00879 0.00786 0.00708 0.00645 0.00592 0.ÓÓ510 0.ÓÓ448
0.0145 0 .0125 0.0108 0.00957 0.00853 0.00766 0.00693 0.00587 0.00508
0.0205 0 .0170 0.0144 0.0124 0.0109 0.00966 0.00877 0.00719 0.00611
0 .0302 0.0242 0 .0199 0.016S 0.0144 0.0125 0.0110 0.00888 0.00738
0 .0468 0.0359 0 .0284 0.0231 0.0193 0.0165 0.0143 0.0111 0.00900
0 .0768 0 .0555 0.0421 0.0330 0.0268 0.0222 0.0188 0.0142 0.0112
0 .153 0.102 0.0721 0.0536 0.0414 0.0330 0.0271 0.0194 0.0149 0.0441 0.0304 0.ÓÍ51
0 .287 0.177 0.117 0 .0834 0 .0614 0.0472 0.0378 0.0258 0.0191 0.0662 0 .0431 0 .0195

0 .357 0.217 0.144 0.101 0.0742 0.0569 0.0365 0 .0258 0.110 0.0666 0 .0264
0.262 0.173 0.121 0.0885 0.0529 0.0353 0.192 0.107 0 .0362
0 .499 0.309 0.204 0.142 0.0792 0.0500 0.350 0.177 0 .0516

2 .13 1.21 0.744 0.322 0.172 1.01 0.181

A tm ospheric 175-200 347-392 0.0255 0.0209 0.0175
E — Texas crude 
0 .0149 0 .0128 0.0113 0.0100 0.00815 0.00680

Atm ospheric 200-225 392-437 0 .0410 0.0319 0.0257 0.0212 0.0178 0.0153 0.0135 0.0104 0.00855
Atm ospheric 225-250 437-482 0 .0696 0.0514 0.03S8 0.0307 0.0249 0.0208 0.0176 0.0133 0.0105
A tm ospheric 250-275 482-527 0.144 0 .0948 0.0671 0.0495 0.0383 0.0307 0.0251 0.0180 0.0137
40-m m . vac. 175-200 347-392 0.406 0.226 0.141 0.0944 0.0673 0.0505 0.0393 0.0259 0.0187 0.0733 0.0456 0.0191
40-m m . vac. 200-225 392-437 0.648 0.339 0.201 0.130 0.0892 0.0656 0.0391 0.0262 0.145 0.0788 0 .0270
40-m m . vac. 225-250 437-482 1.08 0.536 0.302 0.1S6 0.124 0.0658 0.0406 0.353 0.159 0 .0419
40-m m . vac. 250-275 482-527 0.864 0.467 0.2S0 0.123 0.0668 0.385 0 .0698
40-m m . vac. 275-300 527-572 2.69 1.25 0.666 0.245 0.116 0.993 0.123

similar. Curves for the Oklahoma and Wyoming oils have 
been intentionally omitted. In general, they possess charac
teristics intermediate between those of the California and 
Pennsylvania fractions, and resemble the latter more closely 
than they do the former.

This relationship is further illustrated in Fig. 2, in which 
are plotted the temperature-viscosity curves for the fraction 
(from each typical crude oil) distilled from 275° to 300° C. 
(527° to 572° F.) a t an absolute pressure of 40 mm.—that is, 
P-V-300, W-V-300, 0-V-300, C-V-300, T-V-300.

I t  should be pointed out, however, with reference to the 
lighter fractions derived from the typical Wyoming, Okla
homa, and Pennsylvania crudes, tha t the qualitative rela
tionship shown in Fig. 2 does not hold invariably. In  the 
case of the Oklahoma and Wyoming fractions distilled a t a t
mospheric pressure up to 225° C. (437° F.), which may 
be roughly designated as representing the gasoline and naph
tha portions of the crudes, the viscosity-temperature curves

for the Wyoming products would lie for the most part slightly 
above the curves for the corresponding Oklahoma fractions. 
From the data of Table II  the curves for the corresponding 
kerosene and gas oil fractions (W-A-250, 0-A-250; W-A-275,
O-A-275; W-V-200, 0-V-200) are seen to cross, while, as 
indicated in Fig. 2, the curves for the lubricating frac
tions derived from the Oklahoma oil lie above those for the 
corresponding higher fractions from the Wyoming crude. 
A similar crossing of the temperature-viscosity curves may be 
noted for certain of the lighter Pennsylvania and Oklahoma 
fractions and also for a few of the Pennsylvania and Wyoming 
fractions. These facts corroborate the statement tha t the 
viscosity-temperature characteristics of oils derived from the 
different crudes show the greatest differences in the higher or 
less volatile fractions, while the lighter distillates are not unlike. 
The viscosity-temperature characteristics of mixtures were 
discussed in the first paper, and a limited amount of data on 
such mixtures will be found in Table II.
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G e n e r a l  C h a r a c t e r i s t i c s  o f  V i s c o s i t y - T e m p e r a t u r e  
C u r v e s

The new data in the present paper only emphasize the points 
brought out.3 In  the first place, there is apparently no 
simple general rule for predicting the rate of change of vis

cosity of petroleum oils 
w ith  t e m p e r a t u r e .  
Such variations depend 
upon the crude from 
which the oil is pre
pared, and upon the 
physical and chemical 
properties of the oil it
self. This point was 
considered in detail in 
the first paper, Table 
V III of which gives the 
comparative S a y b o lt  
v is c o s i t ie s  a t 37.8°, 
54.4°, 98.9° C. (100°, 
130°, 210° F.) for oils 
derived from the typi
cal Pennsylvania and 
C a l i f o r n ia  c ru d e s .  
This table illustrates 
the difficulties involved 
in attempting to esti
mate viscosity a t any 
given temperature from 
experim en ta l v a lu e s  
determ ined a t  som e 
o th e r  te m p e ra tu re .  
The difficulties would 
be still more impressive 
if data for the Texas 
oil fractions were' in
cluded in the table.

Secondly, the tem- 
perature-viscosity data 
for all the oils exam
in e d  m ay  be re p re 
sented by the equation

( 1 )

TEMPERATURE X .
F i g . 2 — V i s c o s i t y - T e m p e r a t u r e  C u r v e s  

o p  t h e  F r a c t i o n  D i s t i l l e d  b e t w e e n  2 7 5 °  
a n d  3 0 0 °  C .  ( 5 2 7 °  a n d  5 7 2 °  F . )  a t  4 0  M m . 
A b s o l u t e  P r e s s u r e  f r o m  T y p i c a l  P e n n 
s y l v a n i a , W y o m i n g , C a l i f o r n i a , M i d 
c o n t i n e n t , a n d  G u l p  C o a s t  C r u d e s

1Vt =
K  +  A t +  B t1

in which Vk is the kinematic viscosity, t  is the temperature in 
degrees Centigrade, and K, A, and B  are constants charac
teristic of each individual fraction from each crude. This 
does not differ essentially from the Slotte equation, which in 
the past has been employed chiefly in indicating the change of 
absolute viscosity with temperature. The authors have found 
it equally useful as applied to kinematic viscosity. When the 
values of the constants K , A , and B  were determined by 
the method of least squares, and the kinematic viscosities 
calculated by means of the foregoing equation, the agree
ment between the figures so obtained and the experimental 
values was excellent. The values of these constants may, 
of course, be calculated by making use of the experi
mentally determined viscosity a t three suitable tempera
tures and solving three simultaneous equations. While this 
method is sufficiently accurate for many purposes and 
is much less time-consuming than the method of least squares, 
the results obtained by it are naturally somewhat less satis
factory than those derived by the longer process. The 
significance of these constants has already been discussed.3

O t h e r  G r a p h i c a l  M e t h o d s  o f  P r e s e n t i n g  t h e  R e s u l t s

In the graphical presentation of results it is usually de
sirable, whenever possible, to adopt a method of plotting

which permits the data to be represented by a straight line. 
If the reciprocals of the kinematic viscosities as ordinates are 
plotted against the Centigrade temperatures as abscissas, 
many of the curves obtained are nearly rectilinear, as is 
shown in Fig. 3, in which the data for the Oklahoma fractions 
are used. I t  will be observed tha t the viscosity-temperature 
relationship for the fractions comprising gasoline may be rep
resented satisfactorily by a series of straight lines each of 
which is drawn through two suitable experimental points. 
With the heavier fractions, three or more experimental de
terminations are obviously necessary to locate the curve. 
This type of plot permits somewhat easier interpolation than 
that shown in Fig. 1, and if desired it can be so constructed 
that the ordinates can be read off directly in Saybolt seconds.

Herschel7 has shown that when the fluidities (expressed 
in poises) as ordinates are plotted against the Centigrade 
temperatures as abscissas, the result, in the case of gasoline, is 
practically a straight line. Oelschlager8 has recently main
tained tha t within certain temperature limits a linear rela
tionship may be obtained for certain lubricating oils, when a 
variable called the “viscosity factor” is plotted on logarithmic 
paper against the temperature in degrees Centigrade. More 
important still, it is claimed that these fines meet practi
cally at a point, and the conclusion is drawn that the varia
tion of viscosity with temperature in the case of many lubri
cating oils may be represented satisfactorily by drawing a 
line through one experimental point and the common meeting 
point. Herschel9 has recently confirmed Oelschlager’s re
sults as far as the possibility of obtaining a straight-line re
la t io n s h ip  is con
cerned, but he adopts 
a different method of 
p lotting an d  m ain 
tains that the lines 
converge to a common 
point only when the 
oils are derived from 
the same crude and 
lie within a certain 
viscosity range. As 
far as the writers are 
aware, the viscosity 
of the products ordi
narily known as kero
sene and gas oil has 
n e v e r  been  re p re 
sented as a rectilinear 
function of the tem
perature.

The data of Table 
II  can be represented 
very well by an equa
tion of the form

Vk = c{l +  f}Y (2)

as well as by Equation
1. In Equation 2,
Vk =  the kinematic 
viscosity, f= th e  Cen
tigrade temperature, 
a n d  c, n ,  a n d  & 
are constants for any given oil. The relationship between 
Equations 1 and 2 becomes more evident if n  =  —2 is placed 
in Equation 2 , which then becomes

Vk =

F i g . 3 — C u r v e s  O b t a i n e d  b y  P l o t t i n g  
R e c i p r o c a l s  o p  K i n e m a t i c  V i s c o s i t i e s  

a g a i n s t  C e n t i g r a d e  T e m p e r a t u r e s  f o r  a  
S e r i e s  o f  P r o d u c t s  D e r i v e d  f r o m  M i d 

c o n t i n e n t  C r u d e

ß 2 +  2 ß t  +  / 2

7 B ur. Standards, Tech. Taper  1 2 5 .  
« Z . Ver. deut. Ing ., 6 2 ,  4 2 2  ( 1 9 1 8 ) .  

* T h i s  J o u r n a l ,  1 4 ,  7 1 5  ( 1 9 2 2 ) .
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T a b i ,e  I I I — S a y b o l t  U n i v e r s a l  V i s c o s it i e s  o f  a  S e r i e s  o f  P r o d u c t s  D e r i v e d  f r o m  C r u d e  P e t r o l e u m

T e m p e r a t u r e  L i m i t s  o p - S a y b o l t  U n i v e r s a l  V i s c o s i t i e s -
D e s i g n a t i o n F r a c t i o n s 0° C. 10° C. 20° C. 30° C. 40° C. 50° C. 60° C. 80° C. 100° C. 37.8° C. 54.4° C. 98.9° C
o p  P r o d u c t ° C. °  F . 32° F . 50° F . 68° F . 86° F . 104 ° F . 122° F . 140° F . 176° F . 212° F . 100° F . 130° F . 210° F .

A — Pennsylvania crude
P-V-200 175-200 347-392 72 .2 56.1 4 7 .3 4 2 .5 39 .1 37.1 35 .4 33 .7 3 2 .5 39 .9 3 6 .4 32 .6
P-V-225 200-225 392-437 75.4 58.7 49 .3 4 3 .8 40 .3 38 .0 35 .0 33 .4 4 5 .0 39 ,3 3 3 .4
P-V-250 225-250 437-482 8 2 .0 62 .8 52 .3 4 5 .8 4 1 .8 37 .2 31 .7 5 4 .6 4 4 .0 34 .8
P-V-275 250-275 482-527 8 9 .4 6 8 .2 55 .8 48 .6 4 0 .S 36 .7 73 .0 52 .6 3 7 .0
P-V-300 275-300 527-572 ,.. 103. 77 .0 62 .0 4 7 .0 40 .2 70 .2 4 0 .6
P-R R esiduum 718. 384. 252. 127. 78 .7 525. 81 .1
P-M ixt. M ixture residuum  and

fraction  P-V-225 8 9 .4 69 .8 58 .0 4 5 .2 39 .5 64 .4 3 9 .8
B — California crude

C-V-200 175-200 347-392 110. 74 .2 57 .0 4 7 .7 4 2 .3 39.1 36 .8 34 .2 32 .8 4 3 .5 38 .1  . 32 .9
C-V-225 200-225 392-437 140. 89. S 65 .9 53 .1 45 .8 41 .3 36 .6 34 .2 55 .8 4 3 .8 3 4 .3
C-V-250 225-250 437-482 391. 206. 124. 8 4 .4 64 .0 52 .5 41 .6 36 .9 92 .8 5 8 .9 37.1
C-V-275 250-275 483-527 319. 182. 115. 81 .5 52.8 42.1 212. 100. 42 .6
C-V-300 275-300 527-572 382. 215. 136. 70 .6 49 .7 180. 50 .7
P-C M ixt. M ix ture Pennsylvania

residue and  C-V-250 159. 108. 79 .5 53 .4 43 .2 9 5 .3 43 .7
C— W yoming crude

W-V-200 175-200 347-392 78 .7 60 .0 4 9 .6 43 .7 4 0 .0 3 7 .5 35 .8 33 .8 32.6 4 0 .8 3 6 .8 32 .6
W-V-225 200-225 392-437 80 .7 61 .7 51.1 4 4 .8 4 0 .8 38 .2 35.1 33.4 46 .1 39 .7 3 3 .5
W-V-250 225-250 437-482 9 2 .0 68 .6 55 .7 47 .9 43 .2 37 .9 35.1 5S.4 45 .8 3 5 .3
W-V-275 250-275 482-527 105. 7 7 .0 61.7 51.9 4 2 .0 37 .4 8 3 .2 57 .3 37 .7
W-V-300 275-300 527-572 125. 89 .4 69 .4 50.1 41 .5 80 .3 4 2 .0

D— Oklahoma crude
0-V-200 175-200 347-392 81 .1 60 .9 50 .0 43 .8 4 0 .0 37 .5 35 .8 33 .7 32 .5 40 .8 3 6 .8 32 .6
O-V-225 200-225 392-437 139. 91.1 66 .7 54.1 4 6 .4 4 1 .8 38 .9 35 .4 33 .6 4 8 .0 4 0 .5 3 3 .8
0-V-250 225-250 437-482 170. 108. 77 .4 60 .5 50.8 44.9 38 .5 35 .4 64.0 48.1 35 .6
O-V-275 250-275 482-527 128. 89 .4 68 .2 55.9 4 3 .6 38.2 97 .5 62 .8 38 .5
0-V-300 275-300 527-572 235. 149. 103. 76 .6 52 .5 42 .7 167. 91 .1 43 .2
O-R R esiduum '986. 560. 344. 155. 89. • • . 468. 92 .8

E — Texas crude
T-V-200 175-200 347-392 192. 112. 76 .2 58.1 4 8 .4 42 .8 39 .4 35 .5 3 3 .5 50 .4 4 1 .3 3 3 .6
T-V-225 200-225 392-437 300. 162. 101. 71 .8 56.1 47 .8 39 .3 35 .6 77 .8 52 .4 35 .8
T-V-250 225- 250 437-4S2 500. 252. 146. 94 .9 69.4 47 .9 39 .8 168. 83 .6 4 0 .2
T-V-275 250-275 4S2-527 • • i » •.«. 400. 220. 136. 69 .0 48 .2 183. 4 9 .3
T-V-300 275-300 527-572 1250. 579. 308. 120. 66 .3 460. 6 9 .0

The values of /3 were determined by the usual graphical 
method10 and the values of F t as ordinates were plotted on 
logarithmic paper against (t +  ¡3) as abscissas. In  this way 
it was possible to represent by straight lines, not. only the 
viscosity-temperature relationship for the gasoline and lu
bricating fractions, but for the kerosene and gas oil fractions 
as well; in short, all the oils derived from the five typical 
crudes may be so represented provided Equation 2 is used in 
its logarithmic form and the value of /3 is suitably determined 
for each oil:

log Vk =  log c +  n log (i +  ß) (3)

A series of these rectified curves for the oils derived from the 
typical California and Texas crudes is shown in Figs. 4 and 5, 
respectively. The approximate meeting point for the straight 
lines for the California lubricating fractions, as determined 
graphically on a plot of rather large dimensions, is ° C. +  /3 = 
302, Vk = 0.00362; tha t for the lubricating oils derived 
from the Texas crude is approximately 0 C. +  P =  261, Vk = 
0.00433. The lines representing the gasoline and kerosene 
fractions do not in general pass through the common points. 
(Note the lines for the Fractions C-A-175, C-A-200, C-A-225, 
in Fig. 4.) Similarly, the rectified curves representing the 
lubricating oils from the typical Pennsylvania, Wyoming, and

T a b l e  I V -  
T em p era tu re  a t which 
viscosity de te rm ination

•F i l l i n g  F a c t o r s

Filling fac to r w hen v is
com eter is filled a t

is m ade 25° C. 100° C.
° C. ° F . (77° F .) (212° F .

0 32 0.994
10 50 0 .996
15 59 0 .998
20 68 0 .999
25 77 1.000
30 86 ’ 1.001
3 7 .8 100 1.003
40 104 1.004 0Í986
50 122 1.006 0 .988
5 4 .4 130 1.007 0.989
60 140 1.008 0 .990
80 176 1.013 0 .995

100 212 1.018 1.000

Oklahoma crudes converge to points characteristic of each 
crude, though the points appear to be somewhat less well 
defined than in the case of the Texas and California fractions.

I t  is clear, however, that, in order to evaluate Vk in Equa
tion 3 for any given temperature, it is necessary to know the 
values of c, n, and /3 for the oil in question. Three experimen
tal points are therefore necessary before even the straight 
lines can be drawn, for the constant /3 must be known in 
order to plot (Í +  P).

Thus the authors appear to have arrived, by an entirely 
independent method, a t a conclusion comparable with that 
of Herschel.9 I t  has been shown that when the logarithms of 
the kinematic viscosity as ordinates arc plotted against the 
logarithms of the Centigrade temperature plus a constant as 
abscissas, the straight lines so obtained meet practically a t the 
same point for the lubricating fractions derived from a given 
crude by the Bureau of Mines method. The common point 
is differently located for different crudes.

T a b l e  V — R e l a t i o n  b e t w e e n  P r e d i c t e d  a n d  E x p e r i m e n t a l  V i s c o s i t i e s  
o v e r  a  T e m p e r a t u r e  R a n g e  p r o m  20° t o  100° C. (68° t o  212° F .)

T h e  predicted  values in each case were derived  from  th e  experim ental value 
of th e  viscosity a t  40° C. (104° F .) and  th e  g rav ity  a t  60° F .

10 Goodwin, 
1920 ed.

"P rec ision  of M easurem ents and  G raphical M ethods,"

Experi P re  E xperi P re  E xperi P re 
T em pera tu re m ental d icted m ental dicted m ental dic ted
° C. ° F . P-V-250 P-V -300 W -V-275

20 68 82 82
30 S6 63 63 105 105
40 104 52 52 103 103 77 77
50 122 46 46 77 77 62 61
60 140 42 42 62 61 52 52
80 176 37 37 47 46 42 41

100 212 35 34 40 38 37 37
T-V -225 T -V -250 C-V-225

20 68 162 163 500 509 90 88
30 86 101 101 252 249 66 65
40 104 72 72 146 146 53 53
50 122 56 57 95 96 46 46
60 140 48 48 69 70 41 42
80 176 39 40 48 49 37 37

100 212 36 36 40 40 34 34
C-V-300 0-V -250 P -R

20 68 108 107
30 86 77 78
40 104 382 382 61 61 7 Í8 7 Í8
50 122 215 226 51 51 384 407
60 140 136 145 45 45 252 255
80 176 71 75 39 38 127 114

100 212 50 51 35 36 79 64
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When the source of the crude oil is known, the common 
point may Be utilized, together with the value of and one 
experimental point, to locate the straight-line relationship. 
I t  seems practically certain that the value of for lubricants 
derived from a given crude oil may be regarded as a function 
of the gravity, as shown in Fig. 6 . Hence, with lubricating 
oils prepared from a known crude, a single determination of

F i g . 4— I l l u s t r a t i n g  t h e  F a c t  t h a t  w h e n  E q u a t i o n  3 I s  U s e d  
t h e  S t r a i g h t  L i n e s  O b t a i n e d  f o r  t h e  L u b r i c a t i n g  F r a c t i o n s  D e r i v e d  
f r o m  C a l i f o r n i a  C r u d e  C o n v e r g e  t o  a  P o i n t

viscosity at a suitable temperature together with the gravity 
a t 15.6° C. (60° F.) is sufficient to define the viscosity-tem- 
perature relationship over a wide temperature range. More
over, it will be evident that the kinematic viscosities and 
Centigrade temperatures used in the present work can be 
converted readily to Saybolt Universal seconds and Fahren
heit temperatures.

The desirability of extending this method of determining 
the viscosity-temperature relationship from a single experi
mental point and the gravity at 15.6° C. (60° F.) to lubri
cants derived from different crude oils is evident. In this 
connection the authors have found it possible to apply the 
logarithmic Equation 3 to the lubricating distillates, as de
scribed in this paper, in such a way that, when the viscosity at 
40° C. (104° F.) is known and the gravity at 15.6° C. (60° F.) 
is available, the change of viscosity from 20° to 100° C. 
(6S° to 212° F.) can be predicted with considerable accuracy 
for any lubricating distillate produced by the Bureau of 
Mines method from any of the five typical crudes selected for 
this work. The method involved the assumption of an 
“average” common point through which pass the straight lines 
representing the change in F* with (t +  (3). An “average” 
curve similar to tha t shown in Fig. 6 was also constructed, 
from which the value of ¡3 for different specific gravities at 
15.6° C. (60° F.) could be read. How closely the predicted

values check those obtained experimentally may be judged 
from a few examples given irr Table 5. The predicted values 
are derived from the experimental Values of the viscosity at 
40° C. (104° F.) and the gravity a t 15.6° C. (60° F.). The 
temperature 40° C. (104° F.) was used because it is the 
experimental point nearest 100° F., which is one of the most 
common temperatures for the determination of viscosity in 
commercial practice.

I t should not be concluded, however, that this method can 
be applied a t once to commercial lubricants. In fact, certain 
preliminary trials seem to show tha t it may need considerable 
modification before it can be so used. For this reason only 
the more important steps in the application of the method 
have been given here. Furthermore, the excellent chart is
sued some time ago by the Texas Company11 has been found 
very useful in practice, and there may be some doubt whether 
oriq of the type here suggested would be more valuable. The 
authors hope, however, to continue this work to the end of 
perfecting a method by means of which the change of viscosity 
of commercial lubricating oils with temperature may be 
determined with reasonable accuracy from a single experi
mental value of the viscosity and some other easily determined 
physical property, such as the specific gravity.

C o n c l u s i o n s

1—Viscosity-temperature data have been presented for a 
series of products obtained by the Bureau of Mines method

11 "L u b ricatio n ,” June, 1921, p. 5.

F i g . 5 — I l l u s t r a t i n g  t h e  F a c t  t h a t  w h e n  E q u a t i o n  3 I s  U s e d  
t h e  S t r a i g h t  L i n e s  O b t a i n e d  f o r  t h e  L u b r t c a t i n g  F r a c t i o n s  D e r i v e d  

f r o m  T e x a s  C r u d e  C o n v e r g e  t o  a  P o i n t
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from typical crude oils from Pennsylvania, Wyoming, Okla
homa, California, and Texas.

2—The Pennsylvania fractions show the least rapid change 
in viscosity for a given change in temperature; the California, 
Oklahoma, and Wyoming oils are intermediate in this respect; 
while the fractions from the Texas crude show the greatest 
change of viscosity for a given temperature increment. 
The temperature viscosity curves for the Oklahoma and 
Wyoming oils exhibit characteristics intermediate between 
those of the Pennsylvania and California fractions, but they 
resemble the former most closely.

3—The most impressive viscosity differences appear in 
the higher fractions; the curves representing the character
istics of the lighter oils are quite similar.

4—The data of Table II  show that the viscosity-tempera- 
ture relationship of the undistilled residuum from the Pennsyl
vania crude is of the same general type as the curves for, the 
distilled fractions. The change of viscosity with temperature

s

Jf c a n c  GRAVITY A T  6OT.

entirely feasible to plot /3 as a function of the gravity a t 15.6° 
C. (60° F.). Hence, for lubricating fractions distilled from a 
given crude, a single determination of viscosity a t a suitable 
temperature, together with the gravity a t 15.6° C. (60° F.), is 
sufficient to define the viscosity-temperature relationship 
over a wide temperature range.

9—The possibility of extending the method described in 
Conclusion S to the determination of the viscosity-tempera
ture relationship for lubricants produced from different 
crudes is discussed. I t  is pointed out that if the viscosity at 
40° C. (104° F.) and the gravity a t 15.6° C. (60° F.) are known 
for any of the lubricating distillates derived from any of the 
five typical crude oils by the Bureau of Mines analytical 
method, the change of viscosity from 20° to 100° C. (6 8 ° to 
2 1 2 ° F.) can be predicted with considerable accuracy. Pre
liminary trials seem to indicate that this method cannot be 
used with entire success on commercial lubricants.

F i g . 6 — R e l a t i o n s h i p  b e t w e e n  t h e  V a l u e  o p  0  a n d  t h e  S p e c i p i c  
G r a v i t y  a t  6 0 °  F .  f o r  B o t h  t h e  H e a v i e r  a n d  L i g h t e r  D i s t i l l a t e s  
f r o m  t h e  T y p i c a l  C a l i f o r n i a  C r u d e  O i l

for a mixture of the Pennsylvania residuum and Pennsyl
vania distillate may be represented by a curve which is simi
lar to those for the unblended Pennsylvania distillates. 
Furthermore, the temperature-viscosity characteristics for a 
mixture of Pennsylvania residuum and California distillate 
represents an average between the characteristics of the in
dividual components. These points were fully discussed and 
illustrated in the previous paper.

5—W ith certain exceptions already indicated, the tempera
ture-viscosity curves for the kerosene fractions from the 
various crude oils studied show the same qualitative relation
ships as those for the lubricating fractions.

6—Viscosity-temperature data can be represented by equa
tions of the general form:

y .  -  _________ }__________
* K  +  A t +  Bt* 

or by Vk =  c(t +  /3)n

The constants K, A , and B  were discussed in the previous 
paper.

7—The logarithmic form of the second equation is
log  V t  =  log c +  n  log (i +  /3)

When ¡3 is suitably chosen for each oil, the relationship be
tween log Vk and log {t +  13) for all fractions, including gaso
line, kerosene, gas oil, and lubricants, may be represented by a 
series of straight lines. In  the case of the lubricating frac
tions derived from any one ot^the typical crude oils, these 
straight lines converge practically to a single point. The 
location of the common point varies somewhat with the crude.

8—It follows from Conclusion 7 that, for lubricating oils 
derived from a known crude by the Bureau of Mines analyti
cal method, the relation between temperature and viscosity 
may be determined when the viscosity a t one suitable tempera
ture and the value of /3 are available. I t  appears to be

Combustion of Petroleum 
Hydrocarbons1

By C. F . M ábery

C a s e  S c h o o l  o p  A p p l i e d  S c i e n c e , C l e v e l a n d , O i i i o

BECAUSE of frequent inquiries for information con
cerning the details of hydrocarbon analysis, probably 
due to the increasing interest in the composition of 

petroleum, which must include analysis of its constituents, 
and having made some essential improvements that greatly 
facilitate the large amount of work now on hand, it  seems 
worth while to present the method as it is now in use. In 
two papers presented many years ago2 were set forth the 
errors in the analysis of organic compounds in general. I t  
has recently appeared, however, that elimination of other 
sources of error, and a great reduction in the time required 
are made possible by certain changes in manipulation.

The details requiring particular attention in this analysis 
are as follows:

1— Instant and complete control of the initial rate of com 
bustion.

2—An excess of hot oxygen in front of the oil.
3— Duplicate absorption bulbs filled w ith oxygen, and kept 

overnight or longer in large desiccators also filled w ith oxy g en .
4— A second safety tube filled w ith soda lime and phosphorus 

pentoxide in front of the 50 per cent potassium hydroxide bulb.
5— Copper oxide heated to the full extent of a gas-heated  

furnace, a temperature that only the m ost infusible Bohem ian  
glass or its equivalent can withstand.

6—The combustion train relieved from pressure or suction. 
Every one is familiar w ith the difficulty of obtaining tight jo in ts  
with cork connections.

The apparatus shown in the figure, simple in construction 
and durable in operation, eliminates these sources of error. 
In hundreds of analyses the oxygen purifying train has been 
in use without change for more than two years. The oxygen 
supply is better regulated from an independent reservoir 
under slight water pressure than directly from a tank. 
I t  passes from a 6-liter bottle, regulated by an overflow, 
through two bottles containing a 50 per cent solution of 
potassium hydroxide on either side of which is a mercury 
safety seal, and then through a large U tube contain
ing sulfuric acid. Two small U tubes containing sulfuric 
acid follow, one of which delivers oxygen just within the cork 
of the combustion tube, and the other in front of the boat

1 Received Ju ly  7, 1924.
2 M abéry , J .  A m . Chem. Soc., 21, 510 (1899); M abery  and  C lym er, 

Ib id ., 22, 213 (1900).
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containing the oil and near the copper oxide, a t a rate of a 
bubble in 2 or 3 seconds. This arrangement avoids the 
possibility of an accident from excess of pressure, or coming 
together of. the acid and potassium hydroxide by a large 
depression in temperature in cold weather, or by careless 
operation. I t  is, in fact, “foolproof.”

other, or, if longer time intervenes between analyses, the 
corrections are only a few tenths of a milligram. If kept in 
the open air they may be filled in a few minutes. By weigh
ing the bulbs filled with- oxygen a' loss of time in replacing 
oxygen with air after sweeping out carbon dioxide is 
avoided. On account of the instability of petroleum hydro-

0  v'u r f  ie v v "
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The only combustion tube that will withstand the requisite 
high temperature, without vitrification, is the most infusible 
Bohemian glass. The oil is as clearly visible in the boat 
after fifty analyses as in the first analysis. Of course, at 
such temperatures copper oxide easily fuses into quartz. I t  
is best to use a mixture of finely granulated.and powdered 
copper oxide.

Since the absorption bulbs may be used in a t least twenty 
analyses, the carbon dioxide held back in the acid, as shown 
in one of the earlier papers, does not affect the percentage 
of carbon. A 50 per cent solution of potassium hydroxide 
endures longer use without refilling. But even with the safety 
tube of the potash bulb filled with soda lime and phosphorus 
pentoxide, unless it is followed by another longer tube likewise 
filled, which invariably increases in weight of moisture 1 
or 2  mg., there is a corresponding loss in carbon dioxide. 
This tube needs refilling only once in one hundred or more 
analyses.

Unless the combustion train is completely relieved from pres
sure or suction, there is danger of slight loss by leakage of car
bon dioxide. This is of less consequence if other elements are 
present in the substances analyzed, but with only carbon and 
hydrogen such loss is prohibitive; it is easily avoided by the 
use of. an aspirator with just sufficient length of siphon, as 
shown in the figure, to equalize the back pressure in the 
bulbs. With the bulbs filled as described much time is saved 
in replenishing, since aluminium oxide, calcium chloride, and 
■soda lime are difficult to clean out, and none of these absor
bents can be used more than two to five times. Besides their 
longer use, potassium hydroxide and sulfuric acid are much 
easier, to manipulate.

By weighing duplicate bulbs filled with oxygen and keeping 
them in large desiccators also filled with oxygen, much time is 
saved by carrying the weights forward from one day to an-

carbons and the resistance'of the escaping gases to oxidation, 
even a t high temperatures, unless the progress of the oxi
dation is rigidly controlled in the beginning, there is danger 
of loss. Such control is only possible in the gas furnace. 
That the even heat of the electrically heated furnace cannot 
be varied to meet these requirements was shown by the failure 
in this laboratory to obtain concordant results in the analysis 
of hydrocarbons in an electric furnace, when closely agreeing 
results were obtained in the gas furnace. A solution of 
palladium chloride is not needed, since the oxidation is com
plete under the conditions herein described.

So much has been claimed for the aid of catalyzers in general 
organic analysis, it  seemed advisable to test their efficiency 
in hydrocarbon analysis. A layer of pumice saturated with 
cerium oxide, which has been recommended as the best 
catalyzer, was placed in front of the oil, which was volatilized 
with ordinary rapidity. Several analyses showed loss of 
volatile hydrocarbons to the extent of 1.5 to 2 per cent. I t  
appears, therefore, that, besides slow initial volatilization 
only hot oxygen delivered in front of the oil and an extremely 
high temperature of the copper oxide can prevent loss by 
incomplete oxidation of the volatile hydrocarbons.

By this method four or more analyses are possible in a day, 
instead of two, which formerly were considered a daily task. 
As an example of the time required, two perfect consecutive 
analyses were made in 1 hour and 50 minutes, which in
cluded 70 minutes in sweeping out the carbon dioxide.

In  most of the lines of work with which the writer has been 
occupied during the last fifty years, he has had to study 
substances tha t involved combustions, and has always re
gretted the loss of time. Of all the different forms of ap
paratus he has used, the one herein described is .the simplest 
and most efficient.. When once started its oversight inter
feres very little with other continuous work., • ..., . . .
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Catalytic Treatment of Cracked Distillates in the 
Vapor Phase1

By T. T. Gray and M. R. Mandelbaum

9 0 1  F r e u n c i i u y s h n  A v e ., N e w a r k , N .  J .

IN 1914 one of the au
th o r s 2 n o tic e d  t h a t  
when a distillate from 

cracked hydrocarbon oils 
was passed through a tube 
containing fuller's earth, 
metallized fuller’s earth, or 
similar materials, heated to 
a temperature somewhat 
higher than the condensa
tion point of the vapors, 
the adsorbent was wetted 
by a liquid which condensed 
on it. The vapors passing 
through were superior to 
the corresponding cracked 
distillate w h ich  h a d  n o t 
been subjected to this treat
ment. The improvement 
was most marked in respect 
to odor, color, and stability 
as manifested by the reten
tion of good color, even on 
exposure to direct sunlight, and the absence of resinous de
posits on standing. This was attributed to the polymerization 
of the more unstable constituents of the distillates under the 
influence of the adsorbent, resulting in the formation of higher 
boiling substances, which condensed out of the vapors. Tak
ing advantage of this phenomenon, a process was devised for 
producing satisfactory gasolines and kerosenes from cracked 
distillates without recourse to acid treatment. The results 
obtained were so novel and interesting from the standpoint of 
petroleum technology, tha t a preliminary discussion of the 
method seemed justified, although the detailed investigation of 
the reactions involved is so far from completion that only the 
broadest lines it is taking can be given. Such adsorptive 
agents as silica gel, bauxite, and highly porous metals, used in 
the same way, have also been found to promote the reaction, 
but the use of fuller’s earth has been emphasized in the work 
so far carried out.

Until recently fuller’s earth treatment of petroleum oils 
was confined to their filtration through beds of tha t material 
for decolorization, the clay adsorbing the colored substances 
selectively. Gurwitsch3 has shown, however, tha t with de
colorization may be associated, as a secondary effect, the 
polymerization of the coloring m atter removed by the earth 
into even more highly colored compounds. Further, we find 
records of suggestions4 to combine the decolorization of 
petroleum fractions with the distillation necessary to separate 
them. However, these suggestions seem not to have been 
put to practical use. This is probably due to the difficulties 
involved in the distillation, through a bed of adsorbent

1 P resented  u n d er th e  title  "C a ta ly tic  T rea tm e n t of Pressure  D istilla tes 
in the V apor P h a se”  before th e  D ivision of Pe tro leum  C hem istry  a t  th e  
67th M eeting of th e  A m erican Chem ical Society , W ash ing ton , D , C ., A pril 
21 to  26, 1924.

J G ray , U. S. P a te n t 1,340,889 (1920). A pplication  filed M ay  18, 1914.
* "W issenschaftliche G rundlagen der E rdS larbe itung ,” p . 232.
4 Thom pson, B ritish  P a te n t 6786 (1884).

material, of the heavier frac
tions, of which the improve
ment of color was usually 
necessary.

The introduction of crack
ing processes to increase the 
yield of more volatile distil
lates from petroleum ren
dered the refining problem 
more c o m p lic a te d . The 
light products obtained by 
these processes are differen
tiated from most of the 
corresponding straight-run 
fractions by their objection
able properties, such as in
stability of color, deposition 
of gums on standing, and 
the like, as well as by their 
high content of unsaturated 
hydrocarbons. However, 
the method of refining has 
been almost universally the 

same as that applied to straight-run products—i. e., treatm ent 
with sulfuric acid. That such treatment is unsatisfactory, 
wasteful, and unnecessary has been forcefully pointed out by 
Brooks6 and others, and has been generally accepted by petro
leum chemists. The chemical examination of cracked products 
has been hampered by the lack of quantitative methods for the 
determination of the various classes of compounds present, 
as well as by lack of uniformity of the products themselves. 
Nevertheless, certain general conclusions may be drawn. 
Unsaturated hydrocarbons are present in the volatile fractions 
in amounts ranging from 10 to 40 per cent, as measured by 
the sulfuric acid absorption method, which gives low results. 
They are almost entirely mono-olefins. Diolefins are thought 
to be present in small amounts—less than 1 per cent of the 
product—although processes for their production in larger 
amounts have been proposed,6 based on conditions different 
from those obtaining where gasoline and kerosene are the 
desired products. Other hydrocarbons—benzene deriva
tives, naphthenes, and so on—may be found according to 
the crude used and the conditions of cracking. Sulfur and 
nitrogen compounds also occur, to an extent dependent on 
the amounts present in the original oil.

Brooks, 6 Leslie,7 and others agree tha t the constituents to 
w'hich cracked distillates owe their characteristic objectionable 
properties are the diolefins and similarly unstable substances 
—a view which the writers’ work seems to bear out. The 
olefins cannot be held to be undesirable, either in motor fuels 
or burning oils, nor can the aromatic compounds. Yet, on 
treatment with strong sulfuric acid, substances of both types 
are attacked, along with the diolefins. T hat the loss, as far 
as the mono-olefins are concerned, is not only the volumetric 
one due to the adsorption of these compounds by the acid,

* J . A m . Chem. Soc., 10, 882 (1918).
8 M ersereau, U. S. P a te n t 1,282,906 (1918).
1 “ M otor Fuels,” pp. 295 and  332.

A  prelim inary description of a method of refining cracked dis
tillates is given which is intended to obviate value losses due to the 
reaction of sulfuric acid with the olefins present. The process is 
based on the greater reactivity of the objectionable diolefins and 
sim ilar unstable substances occurring in the cracked oils. When 
Vapors containing these substances are passed through an adsorption 
catalyst, they are caused to polymerize into higher boiling products, 
which, although not retained by the catalyst, can be separated from  
the body of the distillate by virtue of the difference in boiling point. 
These polymers are usually dark-colored viscous oils or resinous 
solids, some of the otls showing excellent physical characteristics for 
lubricating oils. There is evidence that the reaction is exothermic. 
The distillate, after the unstable constituents have been removed in 
this way, is more stable to light, has a much lower gumming test, 
and a somewhat lower iodine number than the untreated product. 
The loss due to the form ation of the polymers ranges from  0.1 to 
1.0 per cent of the distillate. It is possible in this way to produce 
satisfactory gasolines and burning oils from  pressure distillates 
without acid treatment. The most convenient catalyst of those 
suited to the purpose is fuller's earth, because of its wide refinery 
application.
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but in addition a value loss due to the polymerization of 
many of the olefins to higher boiling substances which re
main in the oil layer, was brought out by Brooks, and is now 
accepted. Estimates as to the proportion of these losses 
differ widely, but it may safely be said that, combined, they 
are seldom less than 5 per cent (including losses due to the 
redistillation necessary) and are usually higher. This 
loss adds greatly to the cost of acid treatm ent of cracked 
distillates. Moreover, the products, particularly the burning 
oils, are usually unsatisfactory, and it is generally considered 
impossible to prepare practically a high-grade burning oil 
from cracked products by acid treatment.

T h e o r y  o f  P r o c e s s

The process described in this paper is based on the polym
erizing action of adsorbent materials, which, while much 
weaker than tha t of sulfuric acid, is yet strong enough to 
cause the polymerization of the highly unstable substances 
which give cracked distillates their undesirable properties. 
I t  is carried out in the vapor phase.8 This not only makes 
it possible to combine the operation with a fractionation, but 
has the added advantage of utilizing the heat of the vapors to 
maintain a temperature which allows the convenient separa
tion of the polymerized substances by virtue of their increased 
boiling point. Finally, it has been found tha t the effect of 
the catalyst on the substances involved is markedly different 
in the vapor phase from tha t in the liquid phase. The latter 
was studied, in the case of amylene and pinene, by Gurwitsch,9 
and for pinene and terpenes by Venable,10 who found that 
lively exothermic reactions occurred in each case, even at 
room temperature, resulting, for amylene, in the formation 
of as much as S5 per cent of a higher boiling substance; for 
the terpene, in rearrangement and some polymerization. The 
study of the vapor-phase reactions of these and other sub
stances is not yet complete, but the indications are that,

8 An in te resting  exam ple of th e  s im u ltaneity  of inven tions was furnished 
by  H all’s application  for a  p a te n t on a  process of vapor-phase tre a tm e n t 
w ith fuller’s  earth  while G ray ’s was pending.

9 Kolloid-Z ., 1 1 , 17 (1912).
10 J . A m . Chem. Soc., 4 5 ,  728 (1923).

although the results are qualitatively the same, they are 
different in degree. Thus, in the case of amylene, it was 
found that by slowly distilling some of this substance through 
fuller’s earth kept at 1009 C. only 5 per cent of a higher boil
ing substance was obtained from the distillate, compared 
with the much higher amounts in the liquid phase reported 
by Gurwitsch. On the other hand, dimethylbutadiene reacts 
very vigorously with fuller’s earth in the vapor phase. AVhen 
a dilute solution of dimethylbutadiene in a mixture of chloro
form, benzene, and toluene was distilled and the vapors were 
passed through fuller’s earth, the distillate had an iodine 
number of 2.8, compared with that of 16.5 for the charge. 
From these observations the inference has been drawn that 
fuller’s earth has only a mild polymerizing action on the va
pors of olefins and a violent one on those of diolefins.

A p p a r a t u s

The apparatus a t present used for the laboratory study of 
the action of these catalysts on the vapors of cracked distil
lates is a glass tower (Fig. 1) the inlet tube, A , of which is 
connected to a boiling flask by a stopper. The vapors pass 
up through an annular space, B, surrounding a tube, C, about
2.5 cm. (1 inch) in diameter and 3.8 cm. (1.5 inches) long, 
which holds when filled about 25 grams of 60 to 90-mesh 
fuller’s earth. They then pass down through the' catalyst, 
which is held in place in the tube by a wire screen or some 
steel wool supported by a glass shelf, D, and finally through 
an opening in the shelf into a separating chamber, E, from 
which a small tube, F, provided with a trap to prevent vapors 
from passing, removes any condensed liquids, while another 
tube, G, sealed into the side of the chamber, acts as a vapor 
outlet. The vapors are then connected to a condenser. The 
inlet tube acts also, in the laboratory device, as a reflux line 
for the outer shell.

Larger experimental towers are in use on a 10-gallon still, 
and one was used for a short time on a 6-barrel still. A tower 
with a capacity of 3 tons of fuller’s earth has been built and 
will shortly be installed in a Midcontinent refinery. Another, 
with 8  tons capacity, is being built, also for a Midcontinent 
refinery. The principle of these larger units is the same as 
tha t of the laboratory device, and their structure similar. 
They differ only by the addition of a separate line for reflux 
and the necessary manholes for filling and emptying. The
8-ton tower will be 10 feet in diameter and 12 feet high over 
all. I t  is expected tha t it will treat over 2000 barrels of 
cracked gasoline or kerosene with each charge of clay.

O p e r a t i o n

When a cracked distillate is distilled through the apparatus, 
a thermometer in the catalyst shows, a t the beginning of the 
operation, a considerably higher temperature than one in the 
entering vapors. Later the larger amount of vapor travers
ing the tube obscures this effect. The catalyst gradually 
darkens. A distillate greatly improved as regards color, odor, 
and stability is obtained at G. Twenty-three grams of fuller’s 
earth will treat from 500 to 1500 cc., according to the nature 
of the cracked distillate. This is from 125 to 375 barrels per 
ton. The liquid condensed in F  is dark in color, ranging from 
yellow to ruby-red or dark green, depending on the source 
of the cracked oil and the conditions of cracking. I t  usually 
amounts to about 15 per cent of the distillate. This liquid 
is largely the result of partial condensation of the vapors in 
the clay, and on being re-run it yields 90 to 95 per cent of 
colorless distillate, which can be added to the main distillate. 
The residue (about 0.3 to 1.0 per cent of the distillate) is a 
heavy, viscous, dark-colored oil, formed by polymerization of 
the unstable constituents of the vapors. I t  is expected that 
in refinery operation this liquid will not necessarily be col



September, 1924 IN D U S T R IA L  A N D  ENGINEERING C H EM ISTRY 915

lected from the separating chamber, but may be run back into 
the still, either by direct refluxing or by pumping. The par
tial condensation in the catalyst is apparently due to the fact 
that the heat furnished by the reaction and the surrounding 
vapor is insufficient to raise the temperature of the clay to that 
of the end point of the distillation. That the reaction is 
exothermic is shown by the temperature effect noted above, 
and also by the fact that under the same running conditions a
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distillate gives much less condensate in an active catalyst 
than in the same weight of inactive substance of about the 
same specific heat. This condensation not only serves to 
wash out the polymerized substances, but gives an additional 
fractionating effect. In  fact, the combination of refluxing in 
the outer shell and condensation in the catalytic body is so 
efficient a fractionating device tha t it becomes possible, by 
connecting the tower to the cracking apparatus, to combine 
the refining and cutting in one step, and run finished gasoline 
directly from the cracking still. Operating in this manner 
with a catalytic tower containing fuller’s earth connected 
to a pressure still, higher yields of gasoline were obtained than 
under similar conditions without the fuller's earth. This is 
attributed to the effect of the tremendous pressures exerted 
by the adsorbent on vapors passing through, and is analogous 
to the action of charcoal in the recovery of gasoline from 
natural gas. This increased yield has been noticed in some 
cases when straight-run gasoline has been cut from the crude 
using, as a fractionating device, a tower containing fuller’s 
earth.

The material used as catalyst in the majority of the runs 
has been Florida fuller’s earth, 60 to 90 mesh, prepared in a 
manner similar to that used for filtering lubricating oils. 
Texas and other earths have also been successfully applied. 
At the conclusion of the operation the earth is dry and flows 
as freely as when fresh, whether it isremoved from the tower 
immediately or allowed to remain in it until cool. The easy 
flowing of the clay simplifies the design of large-scale units, as 
they need but be provided with a manhole in the bottom for 
discharging the catalyst.

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

A description of one of the experimental runs, the data of 
which are given in Fig. 2, w i^ best serve to illustrate the 
method and results. In  this case, in order better to be able 
to trace the changes taking place in the portion actually 
treated, it was separated from the remainder of the crude 
pressure distillate, which had been prepared from Midconti
nent crudes by the Burton process, by a preliminary fraction
ation usinga short column filled with steel wool. The fraction 
taken was tha t boiling below 425° F. Its  Engler distillation 
is shown in Fig. 3. The apparatus used for this run con

sisted of a 10-gallon still, to which was attached a steel 
catalytic tower with an inner shell 5 inches in diameter and 
6  inches high. This was charged with 1000 grams of the 
60 to 90 Florida clay.

At the end of the run the clay was removed from the tower 
and weighed. I t  was found to have gained 81 grams, or 
approximately 0 .2  per cent of the vapor passing through it. 
This, added to the 0.5 per cent polymerization loss, gives a 
total of 0.7 per cent of the material treated, which may be 
considered the losses inherent in the process for this distillate. 
I t  will be noted that the actual polymerization loss is only 
5 per cent of what is called the "polymer fraction,” the rest 
of it being due to condensation in the catalyst. T hat portion 
of the polymer fraction called “heavy distillate” was ascribed 
to incomplete fractionation of the original charge, rather than 
polymerization, because of its low iodine number, which 
clearly classified it with the residue, rather than with the much 
more unsaturated polymers. Working with other cracked 
products, the sum of these losses has varied between 0.3 and
1.5 per cent.

N a t u r e  or P r o d u c t s  F o r m e d

The distillate obtained in this run represented a yield of 
291 barrels per ton of fuller’s earth, and exhibited satisfactory 
properties. Its color was stable, it remained clear on stand
ing, with no deposition of solid, and seemed in every respect 
to be the equal of straight-run products. In comparison it 
should be noted that on acid-treating the same charge with 
3 pounds of 66 acid per barrel, not only was there a volumetric 
loss of 1.6 per cent observed, but the end point of the product 
was raised 15° F. as shown in Fig. 3. In addition, the color 
of the acid-treated product rapidly deteriorated, being + 2 0  
on the Saybolt colorimeter immediately after treatment and 
falling to 7 after exposure for a few days.

The nature of the polymers formed in the process remains 
to be discussed. Unfortunately, the amount so far available 
has been too small to make attempts to isolate pure sub
stances from them profitable. I t  is expected that this diffi
culty will be overcome in the near future with the installation 
of the commercial units already mentioned.

T h e  p o ly m erized  
material in each case 
so far studied seems 
to be composed of at 
least two types of com- 
p o n e n t s .  O n e  of 
these, a viscous, col
ored liquid, is distil- 
lable a t  p re ssu re s  of 
the order of 0.1 mm.
T h e  o t h e r  is  a 
semisolid, somet imes  
t a c k y  mass ,  which 
does not flow at or
d i n a r y  temperatures.
B o t h  have  high io
dine numbers, which 
clearly d i f f e r e n t ia te  
t h e m  f rom the  s t i l l  
residues. In the one 
case in w h i c h  s u f 
f ic ient  of t h e  poly
mer was obtained to 
make possible the ex
amination of its phys
ical properties, the distillable component (0.4 per cent of the 
distillate treated) boiled between 300° and 400° F. at 0.2 mm. 
Its iodine number (Hanus) was above 200. I t  had a gravity of 
28.6° B6 . a t 60° F. and a Saybolt viscosity of 407 at 100° F.
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Its cold test was + 5 °  F., at which point it was perfectly clear. 
As according to the physical characteristics already determined 
this oil seems to correspond with high-grade lubricating oils, the 
possibilities of vapor-phase polymerization as a source of lubri
cants should be considered. I t  is possible so to regulate the 
conditions of cracking that the substances which polymerize 
to form them would be present in greater proportions. This 
point can be discussed in greater detail when the chemical 
nature of the polymers is more definitely known.

C o m p a r i s o n  o f  T r e a t e d  a n d  U n t r e a t e d  P r o d u c t s

In  order to obtain a basis of comparison between products 
treated by this process and the corresponding untreated 
products, the following procedure was adopted. Equal por
tions of the same cracked distillate were run a t the same time 
and under the same conditions through similar glass towers, 
one containing the catalyst and the other the same weight 
of Ottawa sand. To assure equal fractionation, both distil
lations were carried to the same point, above the desired end 
point; after which each polymer fraction was added to the 
corresponding distillate and the mixture re-run, with a LeBel 
Henninger column, to the same end point in each case. A 
comparison of the products shows:

1— There is no difference in the Fngler distillations.
2— T he specific gravity of the treated product is slightly  

higher than th a t of the untreated; representative figures are 
0.7592 as against 0.7572; another case gave 0.7499 against 0.7467.

3— The color of the treated distillate is usually better when 
freshly prepared; it  is always m uch more stable than the un
treated.

4— The unsaturation, as measured by the sulfuric acid ab
sorption m ethod, is not appreciably different. This does not 
v itia te  the conclusion th at the more unstable unsaturated com 
pounds are rem oved by polym erization, since the am ount of 
polym er formed indicates th a t there would be a  difference 
am ounting to  about 0.5 per cent, which is unmeasurable by this 
m ethod.

5— T he iodine number of the treated distillate is slightly lower 
than that of the untreated :

T rea ted U ntrea ted
A 9 9 .8 101.7

100.1 101.8
100.0 102.1
100 .2 102.0

Av. 100.0 Av. 101.9

B 8 7 .5 9 4 .5
8 8 .5 93 .7

Av. 8 8 .0 Av. 94 .1

In both cases the difference between the two is well outside 
the experim ental error, as shown by the checks obtained, and 
is of the order expected from the small am ount of polym er formed.

6— The gum m ing test is always greatly reduced by treatm ent.
7— Sulfur is not appreciably reduced when the catalyst is 

fuller’s earth alone. Fuller’s earth w ith porous m etals or m etallic  
oxides m ixed w ith  it, or m ounted on it, is more satisfactory. 
Kerosenes from cracked distillates m ade from gas oils m oderately  
high in sulfur m ust be doctor-treated after the catalytic  dis
tillation, where the clay alone is used. W ith high-sulfur oils, 
such as unm ixed M exican cracked distillates, the writers have  
been unable to  ge t satisfactory results, even as regards stab ility  
of color, w ithout the addition of a m etal, except a t the expense 
of lower yields per ton of catalyst.

8— Burning (kerosenes). T he treated distillate always gives 
a bum  test much superior to either the untreated or acid-treated  
distillates. O ften th e  catalytically  treated distillate passes the  
long-tim e burning specifications, which is unusual for a refined 
oil prepared solely from cracked products. One such case is 
given below, which is especially interesting because of the differ
ence in sulfur content betw een th e  acid-treated and catalytic  
oils and the difference in their bu m  tests. B oth  sam ples were 
doctor-treated after the treatm ent m entioned, and the acid- 
treated sam ple was in  addition clayed.

C ata ly tic  A cid -treated
G rav ity  4 2 .0 °  B6. 4 2 .7 °  B<5.
V iscoslty /60o (Saybolt) 485 sec. 467 sec.
Corrosion S light N one
D octor Sw eet Sw eet
Color (Saybolt) + 2 5  18
U nsatu rated  (per cent) 12.1 12 .4
Sulfur (per cent) 0 .0 7 0  0 .045
Long tim e bu rn  Yes N o

The yield in this catalytic run was 286 barrels per ton of 
fuller’s earth.

C o n c l u s i o n

I t  is possible by vapor-phase treatm ent with an adsorbent 
catalyst, such as fuller’s earth, to produce satisfactory gas
oline and burning oils from pressure distillates. The ad
vantages of the process over current practice are:

1— The apparatus and operation are simple.
2— The m aterial used is available and inexpensive.
3— Finished products m ay be run directly from the cracking 

apparatus, except in the case of burning oils, where a subsequent 
doctor treatm ent m ay be necessary.

4— The losses are only a fraction of those obtained w ith sul
furic acid.

5— Burning oils obtained are superior to  those obtained by 
acid treatm ent.

With the vapor-phase catalytic process success has also 
been met in stabilizing certain straight-run products, such as 
gasolines from California crudes, which are otherwise unstable.

Rapid Determ ination of Phosphorus 
in Phosphor Bronzes1

By Leif Lindemann

K o n g s b e r g  V a a b e n p a b r i k , K o n g s b e r g , N o r w a y

COM PLETE oxidation of the phosphorus cannot be ac
complished by means of nitric acid alone, although 
many of the published methods are based on the 

quantitative separation of phosphorus along with the meta- 
stannic acid. This new determination is dependent upon the 
complete oxidation of the phosphides, preventing the hydrol
ysis of the tin and the precipitation of ammonium phos- 
phomolybdate.

Place 0.5 gram of the malleable bronzes or 0.2 gram of the 
cast phosphor bronzes in a small beaker. Add 25 cc. of 
hydrochloric acid (specific gravity 1.12) (approximately 5 
parts water to 7 parts concentrated HC1) and 5 cc. of nitric 
acid (specific gravity 1 .2 ), cover with a small watch glass and 
warm gently until action commences; then remove from the 
heat until action slackens. (The reaction must not be allowed 
to proceed too violently.) When solution is complete, heat 
nearly to the boiling point and evaporate the solution for 10 
minutes to remove chlorine, dilute with 50 cc. of cold water, 
neutralize a little with 10 cc. of dilute ammonia (1 : 1), and at 
once add 50 cc. of a regular molybdate solution made by 
adding to 100 grams of molybdic oxide 400 cc. of water and 100 
cc. of concentrated ammonia and pouring the cold solution 
slowly, with constant stirring, into 1 liter of nitric acid (specific 
gravity 1 .2 ). In  case there is any arsenic in the sample, 
the precipitation should not take place a t a temperature 
higher than 40° C.

Combined with the alkalimetric determination the method 
described is very rapid. For a gravimetric determination the 
precipitate should be dissolved in dilute ammonia on the filter 
and precipitated again with a little nitric acid and molybdate 
solution.

By oxidizing the escaping gases in a nitric acid-potassium 
permanganate solution by dissolving fine borings as de
scribed, the writer has never found any phosphorus escaping 
as hydrogen phosphide.

1 R eceived  April 30, 1924.

New Tariff Effective in  Poland— The new Polish tariff 
became effective a t the end of June, and provides for a reduction 
in the duty on textiles, sole and upper leathers, fertilizers, scrap 
iron, and paper.
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Effects of In dene on Naphthalene Determinations by 
Picric Acid1,2

THE determination of 
naphthalene is em
ployed in the control 

of the naphthalene contents 
of combustible gases for do
mestic consumption. Such 
control is sought in order to 
prevent condensation in and 
stoppage of the smaller dis
tributing pipes. In the case 
of carbureted water gas, 
which constitutes about 60 
per cent of the manufac
tured gas used, the picric 
acid method of determin
ing naphthalene is also em
ployed a t producing plants 
to a greater or lesser degree 
as a guide in the operation 
of the carbureting units.

The prevailing methods1’* of determining naphthalene in 
gas and in by-product oils, either from carbureted water-gas 
plants or from coal-gas or coke-oven plants, are based on the 
formation of an insoluble picrate of naphthalene in aqueous 
picric acid solution. The details of the methods are too well 
known and generally accessible to require description, ex
cept to say tha t they depend upon the determination of the 
amount of picric acid tha t combines with naphthalene to form 
naphthalene picrate. This is determined in one of two 
ways—namely, (1) from the amount of the naphthalene pic
rate formed, or (2 ) from the change in concentration of pic
ric acid in the solution in which the naphthalene picrate has 
formed and from which it has been removed. This change 
is determined from the difference in titrations against a stand
ard alkaline solution, or by the change in the electrical con
ductivity of the solution.

As the method is at present employed, it  is evident tha t 
the presence of appreciable amounts of any hydrocarbons or 
other compounds which give an insoluble precipitate with 
picric acid in its aqueous solution would destroy the accuracy 
of the method. Little regard has been given to this possi
bility, although K uster1 warns against the presence of ace- 
naphthene, chrysene, and both naphthols, but says that 
phenanthrene does not interfere. Hofsass, Hermann, and 
Mezger1 state tha t chrysene, acenaphthene, and phenanthrene 
all form pierates and, if present, interfere with accurate 
naphthalene determinations. In  1916 an investigation of 
the literature on solvent naphtha resins revealed to the 
writers the strong probability of the presence of other inter
fering compounds in most gases. Experience in investigating 
the gummy meter problem2 convinced the writers early in 
1922 that the method must be a t fault. Kramer and Spilker3 
in 1890 reported that indene and coumarone formed pierates 
when the solvent naphtha fraction containing the two hy-

1 Received A pril 7, 1924. Presen ted  before th e  Section of G as and  Fuel 
Chem istry a t  th e  67 th  M eeting  of th e  A m erican Chem ical Society, W ash
ington, D . C ., A pril 21 to  26, 1924.

2 Published by  perm ission of th e  D irec to r, U . S. B ureau of M ines.
* N um bers in te x t refer to  bib liography a t  end of article.

drocarbons \yds ’treated hot 
with solid picric acid and the 
solution then allowed to 
cool.

Indene brought into con
tact with an aqueous solu
tion of picric acid gives an 
i n s o lu b le  p ic r a te .  T h e  
properties are such as to 
permit this picrate, when it 
is present, to be carried 
along with naphthalene pic
rate, and to be reported as 
naphthalene in a determina
tion of the latter by the pre
vailing methods. The evi
dence for these statements 
follows.

I n d e n e  P i c r a t e

The indene used boiled a t 179° to 180° C. a t 760 mm. 
pressure, and showed a specific gravity of 0.9893 a t 20° 
and an index of refraction n2D° 1.5600. I t  yielded the char
acteristic dibromide (2,3-dibromoindan) and oxybromide 
(2-bromo-3-hydroxyindan), the latter melting at 129° to 
130° G. When a stream of nitrogen was led through a 
sample of the indene at room temperature and then through a 
saturated or nearly saturated aqueous solution of picric acid, 
an immediate precipitation in tha t solution occurred. This 
precipitate was indene picrate melting at 98° C., which, on 
being decomposed with alkali, yielded indene, which was 
again characterized by its conversion into the oxybromide 
(melting point 130° C.). Like naphthalene picrate, the 
picrate of indene may be crystallized from a hot solution by 
allowing it to cool. I t  is soluble in benzene and is left behind 
by the evaporation of the benzene. I t  dissolves in alcohol, 
from which it is precipitated by the addition of water. I t  
shows approximately the same thermal stability as naphthalene 
picrate. Liquid indene in contact with an aqueous picric acid 
solution gives a ready precipitation of indene picrate crystals.

Coumarone also forms a picrate when brought into con
tact with an aqueous solution (approximately saturated) of 
picric acid. Precipitation of a picrate results whether the 
coumarone is in the liquid state or entrained as a vapor in a 
gas stream. The picrate showed properties similar to those 
enumerated for indene picrate.

I n d e n e  i n  C o a l  G a s

With these facts established, the question arose as to what 
extent indene was present in coal gas, and more particularly 
in carbureted water gas.

In  a search of the literature the writers have found, with the 
exception of benzene, toluene, and xylenes, and the assertions 
in patent claims for solvent naphtha resins, little information 
as to the actual molecular composition of the light oils in coal 
gases produced in the United States and in modern installa
tions. The presence of indene in coal gas and its light oil 
was shown by Kramer and Spilker3 about thirty  years ago,

By R. L. Brown and H. G. Berger

P i t t s b u r g h  E x p e r i m e n t  S t a t i o n , B u r e a u  o r  M i n e s , P i t t s b u r g h , P a .

Indene and coumarone, when entrained in a gas and passed through 
an aqueous picric acid solution, form  insoluble pierates. Evidence 
is presented and literature cited showing definitely the presence of 
indene and coumarone in coal gas and indene in carbureted water gas. 
Quantitative figures for indene in coal gas are given.

The conclusion is drawn that the picrate method for the determina
tion of naphthalene in gas is much in error unless the indene pic
rate present be determined and a correction applied.

In  sixteen instances pierates obtained from  coal gas and carbureted 
water gas have been found to be mixtures of from  50 to 75 per cent 
naphthalene picrate and 25 to 50 per cent indene picrate. The 
presence of indene picrate in naphthalene pierates obtained from  
these industrial gases is a  logical explanation of m any determina
tions which give results higher than theory permits.

The significance of the true character of the precipitate obtained in 
naphthalene determinations in the gas industry is pointed out, 
both in the sale and distribution of manufactured gas, and as a guide 
to operation of the carbureting units in water-gas plants.
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and by other workers in Germany, mostly during the ten 
years that followed- • -

Several samples of coke-oven light oil were examined, with 
the results given in Table I. (Coke-oven data have been used

° 30 per ccn t of ligh t oil up  to  200° C.

in considering the case of coal gas, because the writers are 
more familiar with data from tha t source.)

1 I t  can therefore be definitely asserted that indene is a proved 
constituent of present-day coke-oven gas. On the basis of 
Sample 1, in which indene constitutes at least 2.25 per cent of 
tha t portion boiling below 210° C. (1.8 per cent being in the 
fraction boiling between 175° and 190° C. and 0.45 per cent 
in the fractions collected below. 175° and above 190° C.), 
calculation shows the possible error due to the presence of 
indene in a naphthalene determination by the picric acid 
method to be 34 grains per 100 cubic feet.
. One ton of coking coal yields 10,000 cubic feet of gas, which 

cofitains on the average 3 gallons of light oil1 and its content m ay  
be taken a t 0.3 gallon- per 1000 cubic feet. Taking its approxi
m ate specific gravity at 0.880, the light oil content is therefore 
(8.33 pounds X  0.88 X  7000. X 0.3) 15,390 grains per 1000 cubic 
feet, or 1540 grains per 100 cubic feet. Since the indene content 
alone is 2.25 per cent of the total light oil, it  follows th at there are 
3 4 +  grains of indene per 100 cubic feet, which m ay give pic- 
rates when the gas is passed through a picric acid solution.

Since gas at 2 0 ° C. and saturated with naphthalene5 carries 
approximately 15 grains per 100 cubic feet, the potential error 
due to indene is enormous. In  those light-oil fractions boil
ing from 160° to 174° C., a large part of this bromine-absorb
ing material was found to be indene. The chemical literature 
lists coumarone as the only other unsaturated compound to 
be expected in appreciable quantities in solvent naphtha 
boiling between 160° and 190° C. As previously stated, 
coumarone gives a picrate under favorable conditions. In 
fact, the picrate-forming content of the total light oil, exclu
sive of naphthalene, totals .3.0 per cent. This is equivalent 
to about 45 grains per 100 cubic feet of possible picrate- 
forming material.

The correctness of this figure is attested  by the fact that the 
sum  of the indene and coumarone present in so lvent naphthas, as 
determ ined by com plete polym erization by the acid m ethod, 
averages 35 to 40 per cent. A typical example from dozens of 
such determ inations is as follows:

F irs t drop , 149° C .; 5 per cen t up  to  165° C .; 40 per c en t a t  175° C .; 
90 per cen t a t  187° C .; 97.5 per cen t a t  200° C. Resin con ten t, 39 per cent.

The com position of light oil has been variously reported in the 
literature.6 An average and approximate com position of coke- 
oven light oil, exclusive of naphthalene and wash oil, m ay be con
sidered as benzene, 65 per cent; toluene, 14 per cent; xylenes and 
other hydrocarbons boiling up to 150°, 8 per cent; secondary 
solvent naphtha boiling between 150° and 200° C., 8  per cent; 
forerunnings and residuals, 5 per cent. On the basis of 8 per cent 
for the secondary solvent and an approxim ate figure of 39.0 
per cent for the picrate-forming constituents of that fraction, the 
total content of indene and coumarone in coke-oven light oil is 
thus seen to be approxim ately 3 per cent.

I n d e n e  P i c r a t e  f r o m  C o a l  G a s

The degree to which this potential source of error is real 
has been fixed. In the laboratory the average of many tests 
showed that from 45 to 50 per cent of the indene carried by 
nitrogen at 20° C. was removed as picrate by a saturated 
picric acid solution.

As a test on actual coke-oven gas, exactly 85 cubic feet of 
coke-oven gas, taken after the final cooler and before the light- 
oil scrubbers, were passed at an average rate of 1.2 cubic feet 
per-hour through a train of three hottles containing saturated

M elting  point 
oxybrom ide 

° C. 
130.5  to  131
130 to  131
129 to  130

130 to 131

picric acid solution. The resulting picrates were decomposed 
with alkali, and the hydrocarbons thereby released were ti
trated for unsaturation. This unsaturation, calculated as 
indene, amounted to 0.82+ gram or 12.7 grains per 100 
cubic feet of gas. From the material titrated, the oxybro
mide of indene was recovered and 'its identity established in 
the manner previously described.

Similar tests on the picrates obtained from the gas from 
several separate plants gave strictly analogous results. I t  
was thus found tha t indene existed as a contaminating picrate 
in naphthalene-in-gas determinations, and apparently to a 
serious extent. The extent of the contamination was studied 
in a number of plants by the aid of methods described in the 
appendix to this paper. The results are given in Table II.

T a b l e  I I — P i c r a t e  A n a l y s e s — C o a l  G a s

— I n d e n e *
T otal C ioH s

picrates equiva P er cent
CioH# lents of total

P lan t S o u r c e  o p  O i l Sam ple G rains G rains G rains picrates
1 ° 4 . 0 2 1 . 4 0 1 . 5 5 3 4

A Coke oven
2
3

• 1 .6 4
2 . 2 3

0 . 5 S
0 . 8 2

0 . 6 4
0 . 9 0

3 9
4 0

‘ 4 1 . 9 1 0 . 7 5 0 . 8 3 4 3
. B • Coke oven 1 3 0 . 0 0 1 2 . 7 1 4 . 0 4 7

Cb V ertical re to r t 2
7 . 1 8
3 . 4 S

2 . 3 3
1 . 0 6

2 . 5 7
1 . 1 7

3 6
3 4

D H orizontal 3 . 0 9
3 . 6 9

0 . 9 6
1 . 2 6

1 . 0 5
1 . 3 9

3 4
3 8

E Vertical J 3 . 0 0  , 
6 . 3 1

0 . 9 2
1 . 8 5

1 . 0
2 . 0

3 4
3 2

' 1 , 5 . 9 6 1 . 3 7 1 . 5 1 2 5
Coke oven 2 6 . 5 8 1 . 2 3 1 . 3 5 2 0.

3 3 . 1 2 0 . 6 8 0 . 7 5 2 4
Ft Coke oven 1 , 5 . 8 9 1 . 2 7 1 . 4 2 4

2 4 . 1 2 1 . 0 3 1 . 1 3 2 7  +
G Coke oven ^ 1 5 . 5 3 1 . 5 7 1 . 7 3 3 1

2 3 . 6 3 1 . 0 9 1 . 2 0 3 3
H Lean coke oven 

E stim a ted  aver
1 3 . 8 5 0 . 7 9 - 0 . 8 7 - 2 2 . 6

age accuracy 0 . 0 1 =*»0.03 0 . 0 4 W ithin 2  
to 5

a T h is sam ple was n o t d ried  as were th e  o ther th ree .
6 P la n ts  C and  E  are th e  sam e, sam ples were secured 1 m onth  apart.

I n d e n e  i n  C a r b u r e t e d  W a t e r  G a s

In 1893 Dennstedt and Ahrens7 reported the presence of 
traces of indene in condensate from the illuminating gas of 
Hamburg. The presence of indene in considerable quantities 
in the natural condensate of carbureted water gas in the 
United States was pointed out by Brown in 1922.8 An exami
nation of eight samples of natural condensate collected during 
that year from six different plants has given the results in 
Table III.
T a b l e  I I I — I n d e n e  a n d  N a p h t h a l e n e  i n  C a r b u r e t e d  W a t e r - G a s  

C o n d e n s a t e
. I n d e n e  I s o l a t e d  *

Size of sam ple N ap h thalene As indene As resin
Sam ple Cc. P er cent P er cent P er cent

86 2000 7 .6 20 .1 6 .3
118 2000 1 .5 15.9 8 .0
121 2500 7 .0 7 .5 14.8
• 99 850 50.0 16.4 4 .0
100 1500 30 .0 25 .4 2 .3
102 1000 30 .0 25 .3
104 1500 13.0 11.2 0 .5

- 105 1000 8 .0 28 .5 4 .8

The presence of this amount of indene in the natural 
condensate indicates a relatively high partial pressure of

Sam ple M a t e r i a l

1 C rude benzene
2 P riipary  light oil
3 Secondary light oil

4 Com m ercial secondary solvent nap h th a

T a b l e  I - - L i g h t  O i l  A n a l y s e s
/— F r a c t i o n  175° to  190° C.— »
Volume /---- U nsa tu ration  — *

• D i s t i l l a t i o n P er cent P er cent
F irst drop A t 100° C .. A t 200°:C.. to ta l to ta l

° C. P er cent P er cent light oil P er cent ligh t oil
72 55 80 3 60 1 .8
75 78 94 2 .5 70 1 .75
90 2 .5 25 ..... .. 7° . 60 18.0

( 5 (140° C.)
100 \ 10 (150° C.) .. 30- - 90

92 (190° C.)
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indene. The vapor pressure of indene being about ten times 
that of naphthalene between 20° to 30° C., it follows that in 
{he gas in the outer parts of the distributing systems the 
indene must be relatively much greater in amount than the 
naphthalene. Therefore the possibility of error in naphtha
lene determinations at holder or distributing stations is large. 
This is demonstrated by the fact that when natural gas con
taining drip-oil vapor was passed through a picric acid solu
tion, picrates containing a considerable amount of indene pic- 
rate were obtained. This test was'applied to three samples of 
drip oil, each of which was taken from a different system in 
various parts of the United States. All were strongly positive.

Indene is, of course, present in carbureted water gas a t the 
plant, 5 and therefore constitutes a continued potential source 
of error there, where the majority of naphthalene tests, both 
qualitative and quantitative, are made. Qualitative tests in 
ten carbureted water-gas plants indicated this potential error 
to be an actual one, and quantitative measurements showed 
the error to be considerable. The extent of this error and the 
composition of the picrates obtained from carbureted water 
gas from six other plants are given in Table IV.

T a b l e  I V — P i c r a t e  A n a l y s e s — C a r b u r e t e d  W a t e r  G a s

P lan t

T o tal ,------I n DENE------ P er cent
p icrates As CioH$ of to ta l

Sam ple G rains G rains grains picrates' R emarks
* 1 5 .74 1 .30 1.43 25

2 5.44 1.27 1 .40  . 26
3 . 5 .58 .1 .2 2 1.47 26

. 4 4 .1 8 0 .96 1.06 25
1 3 .70 0 .82 0 .9 0 24
1 0 .50 4 .24 4 .6 6 49
2 10.63 4 .3 4 4 .7S 45
3 6 .46 2 .60 2 .86 44
1 3 .74 1.06 1.17 31
2 2 .6 2 0 .8 9 0 .98 37
1 3 .04 1.47 1.62 54 Sam e p lan t as C
2 8 .12 3 .9 4 .3 53 Sam ples secured 1 

m onth  la te r
1 4 .6 5 2 .1 2 2 .3 3 50 Sam e p la n t as D
2 7 .4 0 4 .04 4 .4 60 Sam ples secured
3 5 .83 3 .18 3 .5 0 60 separa te ly ; sam 

ple d ir ty ; in
dene figures in 2 
and  3 believed to
be high

1 2 .98 1.13 1.24 4 2 -
2 5.34 2 .12 2 .33 4 4 -c I

After titration with bromine each of the samples mentioned 
in Tables I I  and IV was steam-distilled and the residue treated 
for the recovery of the bromohydroxyindan10 produced from 
the indene originally present. I t  was present in every case. 
The combined crystals obtained from all coal-gas samples 
after being washed with alcohol melted a t 129.8° C., and that 
from carbureted water gas melted a t 129.4° C. These two 
materials, mixed with ah equal part of 2-bromo-3-hydroxy- 
indan, melting point 130.5° C., melted a t 130.4° and 130.1 °C., 
respectively.

I t is therefore definite tha t the picric acid method for the 
determination of naphthalene in either coal or carbureted 
water gas is unreliable. I t  is equally apparent that many 
methods based on picrate formation for the determination 
of coal gas and carbureted water-gas by-products, such as 
oils, tars, etc., must be quite inaccurate.

S i g n i f i c a n c e  o f  A c c u r a c y  i n  t h e  D e t e r m i n a t i o n  o f  
N a p h t h a l e n e

The determination of naphthalene in industrial gases is of 
considerable commercial significance. The deposition of 
solid naphthalene in pipes in distributing systems, which 
results in stoppages, entails economic loss and annoyance to 
both producer and consumer.

C o a l  G a s —The preceding statements hold whether the 
gas is distributed directly or is a by-product coke-oven gas 
sold to a distributing company. In the latter case, where 
the transfer may involve many million cubic feet daily, and 
where the naphthalene content must conform to limits speci
fied by contract, its determination is essential. This is par

ticularly true where penalties for overrunning the specified! 
maximum are involved. I t  is therefore conceivable that, 
indene picrate, being mistaken for naphthalene picrate, m ay  
cause the payment of indemnities or penalties, or the running: 
of a naphthalene scrubbing system without sufficient grounds. 
In view of the evidence presented in this paper, reported tests 
on naphthalene scrubbing plants,1'* as well as all investiga
tions involving measurements of naphthalene in coal gas and 
carbureted water gas in which the formation of picrates has 
been used as a basis of determination, must be subjected to 
re-interpretation, and certainly in proportion to' the degree 
to which they are based on quantitative measurement.

C a r b u r e t e d  W a t e r  G a s —Carbureted water gas is com
posed by volume of about 80 per cent water gas and 20  per 
cent oil gas. To its heating value the water gas contributes 
about 230 B. t. u. of the normal 530 to 565 B. t. u. per cubic 
foot of finished gas, and the remaining 300 to 335 B. t. u. are sup
plied by the oil gas. I t  is the aim of the operator, therefore, 
to secure the maximum cracking efficiency—that is, to pro
duce the maximum heating value per cubic foot of finished 
gas per gallon of oil used—in the carbureting unite of car
bureted water-gas plants. In the practical attainm ent of 
this aim, the chief factor considered is that of temperature, 
although contact and time are directly involved. I t  has 
been well established11 and widely recognized that, other con
ditions being constant, cracking efficiency in a given installa
tion increases with rise of operating temperature arid reaches a 
maximum a t a temperature 100° to 200° F. above the usual 
temperature (1350° to 1400° F.) employed today. The de
gree of cracking efficiency attainable in practice is limited by 
the necessity of keeping the production of naphthalene low 
enough to escape stoppages in the distributing system, and 
to escape carbon deposits in the machines such as would 
seriously interfere with the production of gas. Consequently 
in the control of the cracking process and its temperature, it 
has been considered desirable to follow the production of 
naphthalene.

In the past, the precipitation of picrates has been considered 
an indication of naphthalene in the gas, and the amount, a  
measurement. In view of the evidence in this paper the 
picrate method in that usage has been untruthful and mis
leading. In fact, instead of indicating excessive heats, as 
heretofore supposed, picrates, by reason of their high indene 
picrate content, are equally indicative of the presence of 
products of incomplete cracking in the gas. According to 
Egloif and Towmey, 12 when oils are cracked a t 1300° F. or 
above, the condensable cracked oils are aromatic and contain 
no aliphatic hydrocarbons, and naphthalene production be
gins at 1380 ° F. The work j ust cited, as well as that of others, 13 
has shown that under cracking conditions the order of thermal 
stability in the aromatic series is as follows: Higher homo
logs, xylene, toluene, benzene, naphthalene, anthracene, 
carbon plus hydrogen. Theoretical reasons previously de
veloped and experimental evidence presented by the writer 
in an earlier paper14 show tha t indene must be placed in this 
sequence as a higher homolog of benzene. Its presence in 
excessive quantities in the gas and in picrates therefrom is 
indicative, therefore, either of low cracking temperatures or of 
cracking that is incomplete or not uniform, which cannot be 
for a priori reasons, and is not the most efficient. I t  follows 
that, to the extent that the picrate test and its supposed 
determination of naphthalene have caused the lowering of 
cracking temperatures below that which (with the other factors 
involved) would give the maximum cracking results or effi
ciency, just to that extent has the picrate test been an expen
sive one to the industry. This is true for two reasons. 
First, the lessened cracking efficiency requires a proportion
ally greater oil input.
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For 1 per cent loss in cracking efficiency an increase in oil input 
of 1 per cent m ust be made if the heating value of the gas is to be 
maintained. On the basis of 3 gallons of oil per 1000 cubic feet 
of gas produced, for each cent in price of the oil used, the cost is 
about 0.03 cent for each per cent decrease in cracking efficiency. 
Differences of 10 units in cracking efficiencies in quite similar 
plants are often encountered, while 5-point differences are every
day affairs. W ith gas oil a t  4  cents a gallon, a  5-point drop in 
cracking efficiency entails a cost increase of about 0.6 cent per 
1000 cubic feet. For a plant w ith a daily output of only 5,000,000 
cubic feet, this means $10,940 a year.

Second, poor cracking ultimately gives rise to gummy 
deposits in meters, unless offset through compression and 
cooling, exceptional condensation, mixture with coal gas, or 
other means. The relationships between oil cracking, 
light-oil composition, and gummy deposits in meters have been 
presented in other papers.14 The production of gummy de
posits and the troubles they entail are decidedly costly.15 
The facts presented in this paper offer an entirely logical 
explanation for the fact that naphthalene determinations on 
gases often give values approximating or greater than the 
theoretical ones for naphthalene in a dry gas.16 Such values 
are greater than can exist for a gas tha t is in contact and in 
approximate equilibrium with gas condensate (drip oil) in 
which naphthalene is so extremely soluble. I t  is unfor
tunate that, although the general picrate-forming properties 
of indene and its presence in coal gas have been known for 
thirty  years, the picrate method for naphthalene has been 
adopted by the gas industry, and adapted by many experi
menters up to the present time without sufficient question as 
to whether its basic reaction was specific.
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A p p e n d i x  o n  M e t h o d s

B a s i s  o f  t h e  M e t h o d

In the following description of the technic em ployed in the ex
am ination of m ixtures of indene and naphthalene picrates, 
enough typical experimental data bearing on the basic steps of the  
m ethod are given to indicate its accuracy and lim itations. The 
m ethod is not presented as a best or as a practical m ethod, but 
rather as one which was considered sufficiently accurate to achieve 
the purpose of the writers. Since the object of the analyses was 
to determine the relative proportions of indene and naphthalene 
picrates constituting the m ixture, efforts were directed towards 
obtaining a m ethod for the quantitative estim ation of small 
am ounts of indene. W ith th a t and the easily and accurately  
obtainable value for the picric acid of the total picrate m ixture the  
am ount of naphthalene could be calculated. Follow ing prelimi
nary experiments on end points and other details in titrations of 
indene w ith a standard bromine solution, the accuracy and ap
plicability of the m ethod were tested through the various steps 
involved. The results are illustrated by the following repre
sentative data:

I — T i t r a t i o n  o p  I n d e n e  
(/I) Sam ple 

M easured by  vol
um e and  calculated Found
G ram s G rains G rains

0 .1 0  1.54* 1 .50
0 .2 0  3 .0 8  3 .15
0 .4 0  6 .1 6  5 .95

{B) Constancy o f  titration o f samples o f a standard solution
Cc. of brom ine solution Average

Solution I  0 .8 6  0 .8 6  0 .8 5  0 .8 5  0 .8 6  0 .8 5  0 .8 6  0.856
Solution 11“ 0 .8 6  0 .87  0 .8 8  0 .8 9  0 .8 8  0 .8 7  0 .8 8  0 .8 7  0 .875

° T he last four titra tio n s  were m ade by  a second operator.

I I — R e c o v e r y  a n d  T i t r a t i o n  o p  I n d e n e  
(/I) From its picrate

Indene  in Volume picric P icra te
Indene  in pic

ra te  as de 
troduced acid solution used formed term ined Difference
G rains Cc. G rains G rains G rains

1 .5 200 1.42 1.45 + 0 .0 3
3 .0 200 2 .86 2 .55 - 0 .3 1
3 .0 400 2 .29 2 .30
6 .0 500 4 .58 4 .5 0 -Ô .Ô 8

(2?) From a m ixture o f indene and naphthalene picrates
Indene Volum e picric P icra te Indene in filtra te T o tal ac

introduced acid solution used formed as determ ined counted  for
G rains Cc. G rains G rains G rains

3 .0 400 2 .5 5 0 .3 5 2 .90
3 .0 400 2 .5 0 0 .6 0 3 .10
3 .0 400 2 .5 0 0 .5 0 3 .00

The picrates in the sam ples used under II  were prepared by 
vigorously shaking the indicated volum e of nearly saturated  
picric acid solution w ith the requisite am ount of indene to give 
the weights indicated. Since the extrem ely sm all volum es of 
indene were measured as such, and in view  of the agreement under
I-B , the procedures were judged to  be sufficiently accurate for 
the purpose of the paper.

P r o c e d u r e

T he picrates, obtained a t the various plants by the passage 
of the gas through bottles containing a saturated solution of 
picric acid ,18 were separated by filtration, pressed as dry as pos
sible on filter paper, and divided into samples for analysis. Each 
sam ple was dissolved in 15 cc. of C. P. benzene in a glass-stop
pered flask. A bout 5 cc. of water were added, and the picric 
acid in the solution was titrated w ith 0.1 N  sodium  hydroxide, 
sodium alizarin sulfonate being used as the indicator. The end 
point was approached slowly, m uch shaking being necessary 
near the close to  com plete the titration.

T he benzene, which contained the indene and naphthalene set 
free, was carefully separated and poured into a 1-ounce “French 
square,” glass-stoppered bottle. A second extraction w ith 10 cc. 
of benzene was m ade and the solution added to the first portion, 
the whole being dried with a few granules of calcium chloride. 
T he benzene used for this purpose showed a sulfuric acid color 
test of less than 1 and no im m ediate absorption of bromine. The 
determ ination of the indene was based on the fact that 1 molecule 
of indene adds 1 m olecule of bromine a t room temperatures, and 
the titrations were m ade w ith a solution containing bromine 
(0.3 gram per cc.) dissolved in carbon tetrachloride. Since 
very sm all volum es were involved, a  buret constructed from a 
H aldane gas pipet and graduated to 0.01 cc. was used. It 
yielded drops 0.01 cc. in volum e. T he bromine solution was 
added a  few drops at a tim e until a  definite bromine color began 
to  persist. In fixing the end point use was m ade of certain of 
the color standards used in the sulfuric acid color test for ben
zene.18 T he end point was considered reached when first the so
lution being titrated, having been brought to a color equivalent 
of N o . 8 of the standards, had not faded in color below that of 
standard N o . 6 a t the close of 3 m inutes. Additions of 0.02 and 
0.03 cc. were involved a t the end. A determ ined blank of 
0.03 cc. was subtracted from the observed volum e of solution 
used, this representing the solution necessary to produce a color 
equal to standard N o. 6 in the 25 cc., used in the extraction and 
titration. From  the bromine added in the titration the indene 
present was calculated in grams, then in grains, and converted 
into naphthalene equivalents in grains, as expressed in the tables. 
For good results, sam ples of picrates free from tarry matter, 
C. P. reagents, and thoroughly experienced technic were found 
essential.
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Effect of Ammonium Chloride upon the Growth of Yeast 
and the Hydration of Gluten in Beer W ort1

By E. I. Fulmer, F. F. Sherwood, and V. E. Nelson

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

IT HAS been shown2 tha t in a synthetic medium the con
centration of ammonium chloride optimum for the growth 
of yeast is identical with the concentration of the salt in 

which a protein, wheat gluten, is least swollen. The ex
periments here described were undertaken to determine 
whether this relationship applies to a complex medium con
taining various sources of nitrogen.

N orm ality

30° C. 
sy n th e tic  
m edium  
" c o u n t"

T a m ,s  I

.------------ W o r t ------------- .
C oun t G luten

42° C. 
sy n th e tic  
m edium  
" c o u n t"

,--------W o r t -------- .
G luten

of NH.C1 (48 hrs.) (22 hrs.) (3.5 hrs.) (20 hrs.) C oun t (3.5 hrs.)
0 .00 53 230 58 18 29 65
0.0118 194 270 02 35 63
0.0236 256 352« 76° 47 94 89
0.0294 295 232 71 157“ gs»
0.0341 356
0.0353 389“ 242 ¿6 63 83 74
0 .0365 270
0.0382 220 77
0.0412 213 99 86
0.0418 139
0.0424 . 156°
0.0430 145
0 .0435 139 . ,
0.0470 190 245 74 123 83
0.0588 173 244 88 98 84 64
0.0700 77
0.0820 246 100 72 78
0.0940 251 81
0.106 281° 102a
0.118 235 91
0.129 233 82 142° 108°
0.140 111
0.153 84 95

a Ind ica tes m axim um  effect.
“ C o un t"  refers to  y eas t crop.
“ G lu ten”  expresses gram s loss in w eight per 1000 gram s of g lu ten .

Beer wort was prepared by mashing a t 55° C. 360 grams of 
malt with 1150 cc. of distilled water. The mash was filtered 
through toweling, then through filter paper, and heated for 30

1 Received D ecem ber 22, 1923.
JFulm er, N elson, and  Sherw ood, J .  A m . Chem. Soc., 43, 191 (1921).

minutes under 15 pounds pressure in an autoclave. After 
standing for 3 days to permit coagulated matters to settle, 
the liquid was filtered and was ready for use after steriliza
tion in live steam.

The yeast used (Saccharomycea cerevisiae) had been growing 
continuously in a synthetic medium for 4 years. The meth
ods of estimation of yeast crop and of the hydration of gluten 
as affected by varying concentrations of ammonium chloride 
are as described in the previous communication.2 Typical re
sults are given in Table I.

C o n c l u s i o n s

1—Less ammonium chloride is required for the maximum 
growth of yeast and minimum hydration of gluten in wort 
than in a synthetic medium, showing that there is present in 
wort something which plays a similar role to that of ammo
nium ion. This conclusion is strengthened by the fact that 
there is greater relative effect at higher temperatures.

2—Extracts containing bios or ammonium chloride are 
mutually beneficial in a medium. The main role of bios in 
yeast growth cannot be the same as that of ammonium 
chloride—i. e., the maintenance of the proper state of hydra
tion of protein.

3—Systems of wort and ammonium chloride producing 
greatest yeast growth are identical with those in which wheat 
gluten is the least swollen. This is true of both maxima at 
the temperatures tested. The generalization seems to be 
indicated that if the addition of ammonium salt to a medium 
increases its ability to dehydrate gluten, the addition will 
likewise improve the medium for the growth of yeast, the 
effect being maximum in any combination in which the 
gluten is least swollen.
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Influence of Accelerators on Plasticity of Uncured 
Rubber Stocks1

By Stanley Krall

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

H  TH E  commercial app
lication of organic accel
erators, the workability 

•of the raw rubber stocks con
taining them is of major im
portance. The stocks must 
be plastic, but not too soft 
and sticky or they will ad
here to the liners and books 
in which they are stored. 
On the other hand, if they 
are not soft enough, they 
will require a higher tem
perature to make them run 
with smooth surfaces dur
ing processing, and at the 
■same time, as a result of 
their stiffness, the tempera
tures developed may be suf
ficiently high to set-up or 
■scorch them owing to pre
mature vulcanization.

The majority of organic 
accelerators have a soften
ing action on raw rubber, 
■but in the presence of sulfur 
•this softening action may be 
■entirely masked by the ten
dency of the accelerator to 
■bring about premature vul
canization during milling,
■calendering, etc., when tem
peratures of 80° to 100° C. are attained. If the temperature 
is kept low enough during mixing, the softening action of the 
accelerator will predominate, even in the presence of sulfur. 
For example, when the compound (rubber 100, zinc oxide 3, 
sulfur 4) containing 0.75 per cent of diphenylguanidine, or even 
1.25 per cent of aldehyde ammonia, was mixed a t a suffi
ciently. low temperature (55° C.), plasticity values, K ,2 of 
2.02 and 1.92, respectively, were obtained while the same 
stock in the absence of any accelerator had a value of 2.27. 
.. ,To be able to predict, in the laboratory, the behavior of 
an accelerated stock in the  factory is of considerable impor
tance and in  the past has, been a tiling of considerable difficulty. 
An instance of this is the situation which arose at the time thio- 
carbanilide was introduced in the rubber industry, when enor
mous quantities of “thio” stocks were ruined by scorching.
. Premature vulcanization, scorching or setting-up produces 
■changes in raw stocks that are thought o f  in physical rather 
than chemical terms. Without doubt, premature vulcaniza
tion is accompanied by a chemical combination of rubber and 
sulfur, but the extent of the reaction is so small that the de
termination of combined sulfur is impractical. The change 
in the physical properties of the raw stocks, however, is suffi
ciently marked to be measurable.

1 P resented  under the  title  "T h e  Influence of Organic A ccelerators on 
th e  P las tic ity  of U ncured R u b b er S tocks”  before th e  D ivision of R u b b er 
C hem istry  a t  th e  67’tii M eeting  of th e  A m erican Chem ical Society, W ash
in g to n . D . C ., A pril 21 to  26. 1924. •■•■ <*■-■■■

* T h i s  J o u r n a l , 1 6 ,  3 0 2  ( 1 9 2 4 ) .

The tendency of raw rubber stocks to set-up or scorch during proc
essing has been determined in the laboratory by means of p lasticity  
measurements. Data arc gioen for some well-known organic accelera
tors.

A t a temperature of 90° C., thiocarbanilide and aldehyde 
ammonia are the only ones of those tested that produce appreciable 
set-up, when the amounts used are within the range generally employed; 
quick curing stocks containing a high concentration of accelerator 
are not included.

The influence of the concentration of accelerator varies with the 
accelerator. The concentration of diphenylguanidine has apprecia
ble influence, while that of thiocarbanilide or the condensation prod
uct of aniline with acetaldehydc and formaldehyde has only a  slight 
effect.

The effect of the concentration of sulfur is sm all indicating that the 
concentration of sulfur is much less important in connection with the 
factory workability of stocks than either the k ind  or concentration of 
accelerator.

Z inc oxide decreases the influence of aldehyde am monia in pro
ducing premature vulcanization; it increases that of diphenyl- 
guanidinc slightly and of thiocarbanilide tremendously.

L im e and calcined magnesia in the presence of zinc oxide increase 
the setting-up tendency of stocks containing aldehyde ammonia and  
diphenylguanidine. In  some cases the actions appear to be sim p ly  
additive, in others, more than additive.

This method is not adapted to the study of most superaccelerators, 
because when they begin to set-up, the action is too rap id  to perm it 
determining the rate of change.

Sulfur, even up to 12 per cent on the rubber, does not act as a 
softener of raw rubber, at least so fa r  as can be determined by this 
method.

Several investigators have 
published methods for meas
uring this physical change 
in raw stocks. Cad well and 
Smith3 heated films of the 
raw stocks in an atmosphere 
of carbon dioxide at a fixed 
temperature and then deter
mined the stiffness of the 
films, at stated intervals of 
time, by a hand examina
tion. The method suffices 
for qualitative comparisons 
only. M arzetti4 devised a 
plastometer for this pur
pose. E s s e n t i a l l y  t h e  
method consists in placing 
the sample in a cylinder, 
with a conical bottom pro
vided with an outlet at its 
apex, and forcing the sample 
through the orifice, at a 
s t a t e d  t e m p e r a t u r e ,  by 
means of a compressed gas. 
The stock extruded after 
successive periods of time 
is measured, and the de
crease in amount extruded 
during the successive inter
vals is taken as a measure 
of the rate of premature
vulcanization at that tem

perature. Owing to the time required to bring the relatively 
large volume of rubber to the temperature of the bath, Mar
zetti recommends tha t the portion extruded during the first 
half hour be ignored. Of these two methods the latter appears 
the more promising, but the type of plastometer used is such 
tha t the method is long and laborious.
. The plastometer designed by Williams2 permits of a much 

simpler procedure. The sample used is small, the time 
required for a single determination is only 25 to 30 minutes, 
and the manipulation is very simple. In  the work recorded 
herein this plastometer has been employed in studying the 
influence of both organic accelerators and compounding in
gredients on the premature vulcanization of raw stocks.

P r o c e d u r e

A pellet of 2-cc. volume' is placed in the press a t a . fixed 
temperature, and readings are taken a t stated intervals, 
preferably 5-minute intervals, up to 30 minutes. These 
readings follow the true plasticity curve (K  = FX°-1S6) until 
setting-up begins. When this occurs, the curve deviates from 
the normal, and quickly approaches a parallel to the time 
axis. The true plasticity value, K , from the first portion of 
the curve, being known, the deviation or increase in K  may be 
expressed as percentage, increase a t any time interval. The 
percentage increase in K  is plotted against.the time of heat
ing to obtain a setting-up curve for the stock. The true

\ i : . \ M i a  R ubber,W orlt, 68, 782 (1923)»
« /M i.,  68, 770 (1923).
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-- ' 1 
Rubber ■ 100 

Zinc Oxide '  3
S u lfu r  - 4

_L ' T]^4
Rubber  

Z inc Oxide 
S u lfu r

- —I- ' LÍ L.
Rubber - /00 

Z me Oxide - 3 
Diphenylquonidine• .5

20
m in u tes Time o f heat/ng- m inu tes

plasticity value is attained after 5 to 10 minutes of heating, 
but in instances where the stock starts to set-up almost im
mediately upon placing in the press, the 5-minute plasticity 
value is taken as the normal value, although in such cases 
it may-be slightly high.

other hand, when information concerning the tendency for pre
mature vulcanization only is desired; i t  is necessary to mainr 
tain only approximately the same conditions, as in this case 
small variations in the absolute plasticity have no apparent, 
effect.

T im e o f  h e o tm q  - m  in u  tes

This method measures change in plasticity, and therefore 
cannot be employed after the plasticity curve becomes flat 
or parallel to the time axis. The test should be completed 
within 30 minutes, as the actual decrease in thickness after 
that time is generally so small that the experimental error 
becomes too large for satisfactory results. This is especially 
true when the stock shows appreciable tendency to set-up, 
but is also the case when the sample does not begin to set-up 
within 30 minutes. I t  is not advisable to rely on a single read
ing after the stock begins to set-up, as the experimental error 
is sufficiently large to give erroneous conclusions. The 
curves approach straight lines, but they are invariably some
what irregular, as is apparent from the curves in this paper.

Aside from information on the premature vulcanization 
occurring at the temperatures developed during factory 
processing, a knowledge of the plasticity changes which take 
place a t ordinary or slightly elevated temperatures is also 
quite essential. For such work, the original plasticity 
value, K, is determined and then a portion of the stock is 
heated, in the absence of air and preferably in a mold, at the 
desired temperature for any suitable period of time. The

plasticity of the treated sample is determined and the increase 
in K  is expressed in percentage.

When a comparison of the absolute plasticity of stocks is 
required, it is essential tha t all mixes compared be given 
uniform treatment during the milling operation. The con
ditions to be maintained identical are size of batch, distance 
between rolls, temperature of rolls, and time of milling. 
Obviously, the stocks compared must be run on the same 
mill or on mills of the same size, speed, and gear ratio. On the

carbanilide stock sets up appreciably, the aldehyde ammonia 
stock only slightly, and the remaining stocks not a t all. 
At 100° C. the influence of the accelerators is in the following 
order, the one with the greatest effect heading the list, and the 
last three showing no effect: thiocarbanilide, aldehyde-
ammonia, diphenylguanidine, di-o-tolylguanidine, accelerator 
A (condensation product of aniline with acetaldehyde and 
formaldehyde, melting point 73° C.), triphenylguanidine, 
hexamethylenetetramine, ethylidine aniline (condensation

The concentration of accelerator is an important factor.; 
hence equivalent quantities should be used in all comparisons. 
Almost without exception, the quantity of accelerator em
ployed in the present work was the amount necessary to pro
duce the maximum modulus or stiffness when the stock was 
cured for 60 to 75 minutes at 143.3° C. (290° F.). The 
base formula used was as follows:

Smoked sh ee ts ............... 100
Z in C  o x i d e .............................. 3
S u lf u r ..............................  4

D a t a

The setting-up curves for some well-known accelerators are 
shown in Figs. 1 and 2 . Over a period of 30 minutes at 
80° C., there is no setting-up of this type of stock with 
any of these accelerators. Some of these accelerators, 
however, will cause premature vulcanization a t this tem
perature if heated for a longer period of time, but the rate 
of setting-up is insufficient to be serious from a factory 
handling standpoint, provided time is allowed for the proper 
cooling of the stocks prior to storage. At 90° C. the thio-

To 7s Ï 5 75
Time o f  h ea tin g -m in u te s
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product of aniline with acetaldehyde, melting point 78° CO, 
and p-nitrosodimethylaniline.

The effect of the concentration of accelerator varies with

In  Figs. 10 and 11 are plotted data showing the effect of 
hydrated lime and calcined magnesia on the setting-up prop
erties of stocks containing aldehyde ammonia and diphenyl-
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the accelerator, as is shown in Figs. 3, 4, and 5. The concen
tration of diphenylguanidine has an appreciable influence, 
while that of thiocarbanilide and accelerator A has only a 
slight effect.

The influence of the concentration of sulfur on premature 
vulcanization is shown by the curves in Figs. 6 , 7, and 8 . 
The mass action effect is noted when the concentration of 
sulfur is increased. The increase in rate of setting-up, how
ever, is nominal, indicating that the concentration of sulfur 
is much less important, in connection with the factory 
workability of stocks, then either the kind or concentration 
of accelerator.

The influence of zinc oxide on the action of several accelera
tors is demonstrated by the curves in Fig. 9. The addition of 
zinc oxide decreases the influence of aldehyde ammonia in pro

ducing premature 
vulcanization, in 
creases slightly the 
influence of diphe
nylguanidine, and 
increases trem en
dously the influ
ence of thiocar
banilide. In the 
absence of zinc ox
ide, th io ca rb an i
lide stocks do not 
set up a t all, even 
up to 30 minutes 
a t 100° C. The 
action of zinc ox
ide with respect 

to premature'vulcanization is similar to its action in ordinary 
vulcanization—viz., zinc oxide has practically on influence on 
the activity of aldehyde ammonia, it  does increase the ac
tivity of diphenylguanidine, and is absolutely essential in 
•conjunction with thiocarbanilide, in the absence of other 
basic oxides.

T a u l e  I I — E f f e c t  o f  S u l f u r  on t h e  P l a s t i c i t ï  o f  R a w  R u b b e r
F o r m u l a s

R u b b er 100 100 100 100
Sulfur 4 8 12
M inutes in press T hickness readings (m m .) a t  80° C.

10 1 .48 1 .47  1 .50 1.46
15 1.34 1 .35  1 .37 1 .34

P la s tic ity  value, K , a t  8 0 Q C.
10 2 .3 2 2 .3 1  2 .3 3 2 .30
15 2 .2 8 2 .2 9  2 .3 3 2 .28

Average 2 .3 0 2 .3 0  2 .3 3 2 .2 9

When a stock containing the thiuram disulfide class of su
per accelerators starts to scorch, the action is so rapid that this 
method cannot be employed for following the rate of change. 
This is clearly demonstrated by the data obtained at 1 0 0 ° C. 
(Table I ) ; a t the end of 40 minutes the base stock containing 
0.1 per cent tetra- 
methylthiuram di
sulfide showed no 
indication of pre
mature vulcaniza
tion, but after 50 
minutes it had a 
fair co m m erc ia l  
cure. I t  is possi
ble, however, to 
determine the ap
p r o x i m a t e  t i m e  
such a stock will 
withstand a cer
tain temperature 
without change .
This is done by determining the normal plasticity and then 
heating a portion of the sample at the desired temperature 
and again determining the plasticity at stated intervals of 
time. The data presented indicate that this type of stock 
can be heated without change for approximately 40 minutes 
a t 100° C. and for more than 16 hours a t 60° C.

Many rubber technologists are of the opinion tha t sulfur 
has a softening action on raw rubber. D ata are given in 
Table I I  indicating that sulfur, even up to 12 per cent on the 
rubber, does not act as a softener for raw rubber, a t least so 
far as can be determined by this method.

T ab lb I - - I n f l u e n c e  o p  T h i u r a m  D i s u l f i d e  A c c e l e r a t o r s  o n  
S c o r c h i n g  a t  100 °  C .

M inutes 
in press

N o r m a l
A f t e r  16 H o u r s  a t  

6 0 °  C .
Thickness Thickness

M m . K M m . K
1.28 1 .75
1.07 1.67 XÍÓ6 ,. l.* 6 6
0 .9 7 p .
0 .915 1.65 . .
0 .87 1 .64 . .
0.S45 1.64 , ,
0 .82 1.64
0 .80  

- A on
1.65 • •

guanidine. In  the presence of zinc oxide, lime and cal
cined magnesia increase the setting-up tendency of stocks 
containing the above-mentioned accelerators. Lime alone 
causes premature vulcanization to an appreciable extent, 
while the. effect of calcined magnesia is only slight. In some 
cases the actions appear to be additive, in others more than 
additive.
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Quinone Tannage1'2
By Arthur W. Thomas and Margaret W. Kelly 

C o l u m b i a  U n i v b r s i t y , N bw  Y o k k , N . Y .

THE ability of benzo- 
quinone to combine 
with gelatin and col

lagen and to convert them 
to insoluble substances was 
shown by Meunier.3 He 
found quinone to be a re
markable tanning agent, the 
leather formed by it being 
unaffected by boiling water.
Owing to its cost, as a tan
ning agent it is of immediate theoretical rather than of prac
tical interest. Since the organic chemistry of the complex 
commercial vegetable tannins is only in its initial stages, it 
seems tha.t the study of any simple organic substance having 
tanning properties should help elucidate the chemistry of the 
action of the very complex natural tannins.

Meunier’s experiments were qualitative only. No quanti
tative studies have been previously undertaken, possibly 
because a satisfactory method was unavailable. Quinone 
tannage is not amenable to the “by difference” technic as 
ordinarily used to estimate the amount of tannin combined 
with skin substance. The reason is that quinone is about as 
volatile as water. Moreover, titration of quinone in the re
sidual liquors fails, owing to the dark-colored products formed 
in alkaline solutions. The new Wilson and Kern method'* 
of determining tannin fixed has solved this problem. The 
writers have found that the fixation of quinone by collagen can 
be followed by this method.

Since it has been demonstrated that the rate of fixation of 
vegetable tannins by collagen varies enormously with the 
hydrogen-ion concentration of the solution, 6 the fixation of 
quinone as a function of the pH value of its solution was 
investigated first.

E f f e c t  o f  p H

The quinone used was purified by sublimation or by crys
tallization from gasoline.. Since Nelson and Granger6 found 
the solubility in water to be 1.37 grams per 100 cc. of solution 
at 25° C., this concentration was used in all experiments re
ported herein. The ordinary method of electrometrically 
titrating the solutions to definite pH values cannot be ap
plied to solutions of quinone owing to its ready reduction to 
hydroquinone, and consequently buffer mixtures were em
ployed to give the pH desired, as described in Table I. Un
necessary detail concerning the exact concentrations of rea
gents is omitted, since no attem pt was made to duplicate 
standard buffer tables. The buffer reagents were made up and 
mixed in proportions, determined by electrometric titration, 
to give the pH desired.

1 Presented by  M iss K elly  before th e  D ivision of le a th e r  C hem istry  a t 
the  66th M eeting of th e  A m erican Chem ical Society, M ilw aukee, W is., 
Septem ber 10 to  14, 1923.

2 C ontribu tion  N o. 451 from the  Chem ical Laboratories, Colum bia 
University.

* Compt. rend., 1 4 6 ,  9 8 7  ( 1 9 0 8 ) ;  Collegium, 1 9 0 8 ,  1 9 5 ;  1 9 0 9 , 5 8 , 3 1 9 ;  
1 9 1 4 , 5 2 3 ;  Cuir, 3 ,  4 6 5  ( 1 9 1 4 ) .

« T h i s  J o u r n a l , 1 3 ,  7 7 2  ( 1 9 2 1 ) .
5 Thom as and K elly , Ib id ., 15, 1148 (1923).
• G ranger D isserta tion , C olum bia U niversity , 1920.

Calling the solutions used 
for the extremes of pH “buf
fers” is admittedly ques
tionable, but, owing to the 
possibility of confusion in 
results due to use of dif
ferent standard buffer com
binations, it was decided to 
keep the chemical composi
tion of the s o l u t i o n s  as 
nearly similar as possible.

T a b l e  I — S o l u t i o n s  E m p l o y e d

A pproxim ately M /2  H jPO i 
A pproxim ately M /5 0  H3PO4 
A pproxim ately M /1000  HjPO<
M /1 5  K H îPO i and  M /1 0  H 3PC>4 
M ixture of M /1 5  K H jPO i and  M /1 5  N ajH PO «

M ixtures of M /1 5  K H 2PO« and  M /1 5  NajHPO«

M /1 5  N ajH P O i

M ixtures of M /1 5  NaiHPO* and  M /1 0  N aO H

T e c h n i c

Portions of 2.74 grams of quinone were placed in wide
mouthed pint bottles. Two hundred-cubic centimeter por
tions of the buffer solutions were added. When the quinone 
had dissolved, portions of defatted hide powder equal to 2 
grams of absolutely dry substance were added. The bottles 
were then stoppered and rotated at room temperature. 
At the end of the time selected, the contents of the bottles 
were transferred to Wilson and Kern extractors and washed 
therein with distilled water until no reaction for quinone was 
obtained by means of the starch-iodide test. This test, as 
employed, was delicate to 1 part of quinone in 50,000 of water. 
The tanned samples were then air-dried, after which they were 
dried in vacuo at 110° C. for 16 hours. They were then 
weighed, the increase in weight being taken as “quinone fixed.” 

The fixation over periods of 6  hours, 24 hours, 2 weeks, and 
5W weeks has been determined.

T a b l e  I I — F i x a t i o n  o f  Q u i n o n e  i n  6 H o u r s

I n c r e a s e  i n
w e i g h t  o f  2

C h a r a c t e r  o p g r a m s  d r y
p H  o f S o l u t i o n  w i t h C h a r a c t e r  op W e t h i d e  p o w d e r

N o . s o l u t i o n D i s s o l v e d  Q u i n o n e T a n n e d  P o w d e r G r a m
Loss

1 1 . 0 O r a n g e - y e l l o w ,  c l e a r G e l a t i n o u s ,  w h i t e 0 . 1 0 3
2 2 . 0 R e d d i s h  y e l l o w ,  c l e a r G e l a t i n o u s ,  w h i t e 0 . 0 8 3
3 3 . 0 R e d d i s h  y e l l o w ,  c l e a r G e l a t i n o u s ,  r e d d i s h 0 . 0 3 0
4 4 . 0 W i n e  c o l o r ,  c l e a r G e l a t i n o u s ,  r e d d i s h 0 . 0 2 9
5 5 . 0 W i n e  c o l o r ,  c l e a r G e l a t i n o u s ,  r e d d i s h 0 . 0 1 2

Gain
6 6 . 0 D a r k  b r o w n ,  m u d d y W e l l  t a n n e d ,  b l a c k i s h 0 . 1 0 7
7 7 . 0 D a r k  b r o w n ,  m u d d y W e l l  t a n n e d ,  b l a c k i s h 0 . 2 3 6
8 8 . 0 D a r k  b r o w n ,  s o m e

p r e c i p i t a t e W e l l  t a n n e d ,  b l a c k i s h 0 . 4 0 2
9 9 . 0 D a r k  b r o w n ,  s o m e

p r e c i p i t a t e W e l l  t a n n e d ,  b l a c k i s h 0 . 3 9 9
1 0 1 0 . 0 D a r k  b r o w n ,  s o m e

p r e c i p i t a t e W e l l  t a n n e d ,  b l a c k i s h 0 . 4 2 0
11 1 1 . 0 D a r k  b r o w n ,  s l i g h t

p r e c i p i t a t e W e l l  t a n n e d ,  b l a c k i s h 0 . 4 0 8
1 2 1 2 . 1 G r e e n i s h  b l a c k ,  n o

p r e c i p i t a t e W e l l  t a n n e d ,  b l a c k i s h 0 . 3 1 4
T e s t s  o n t h e  f i l t r a t e s  s h o w e d q u i n o n e  p r e s e n t  i n  a l l c a s e s .

When the samples were dried, all were dark in color: 
Nos. 1 and 2 showed pronounced evidence of hydrolysis; 3,

Quantitative studies of the combination of quinone with hide sub
stance, form ing leather, show that the rale of tanning is a function of 
the p H  of the solution. The tanning action of quinone is manifested 
in alkaline solutions, and the rale is greatest at p H  8 and 10. H y
droquinone retards the tanning action, indicating the validity of 
M eunier’s theory of quinone tannage. The results obtained offer 
a suggestion fo r the tanning action of commercial vegetable tanning 
extracts in solutions on the alkaline side of the isoelectric point of 
collagen.

pH
1.0
2.0
3 .0
4 .0
5 .0
6.0
7 .0
8.0
8 .5  
9 .0
9 .5  

10.0 
11.0 
12.0
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4, and 5 were dark brown, while 6 to 12 were blackish and of 
good texture. Although 3, 4, and 5 showed loss in weight,, 
the color indicated some fixation of quinone.

Determination of nitrogen in the filtrates showed the fol
lowing percentages of hydrolysis of the hide powder:

N o. pH
P er cent 

hydrolyzed N o. pH
P er cen t 

hydrolyzed
1 1 . 0 5 . 8 7 7 . 0 2 . 2
3 3 . 0 2 . 6 9 9 . 0 1 . 6
5 5 . 0 2 . 4 11 11.0 1 . 9

1 2 1 2 . 1 2 . 5

§ .

1 
CVJ •

*
1 £  '

I
!

N ■ y '* ? Weeks

2Wi cxs

.0 / r— 1

2 t Hours-

i
\ \
\ \

! /
r

*
■6 Hours \

!

y V  
<¿1—

6 8 / 0 / 2  
pH*of Tanning Solution

F i g . 1

The results shown 
in Table I I  are plotted 
in Fig. 1 along with 
those for the longer 
time intervals. In the 
longer time interval 
experiments, acidities 
greater than pH =  5 
were omitted, b u t 
since fixation was evi- 
d e n t  a t  pH = 12, 
pH = 13 was included, 
as shown in Table III.

N o. pH 24 H ours 2 W eeks 5»/7 W eeks
1 5 .0 0 .056 0 .908 1.0S9
2 6 .0 0 .170 0.86S 1.028
3 7 .0 0 .540 0.915 0 .980
4 8 .0 0.5S7 0.947 0.964
5 S. 5 0 .919 0 .860
6 9 .0 o!èÔ7 0.811 0.851
7 9 .5 0 .596 0.897 0 .973
8 10 .0 0 .658 0 .938 0 .966
9 11 .0 0 .636 0.893 0.937

10 12.0 0 .416 0.587 0.617
11 13.0 Loss of 0 .303 D iscarded D iscarded

No. pH
P er cent 

hydrolysis No. pH
Per cent 

hydrolysis
1 5 .0 2 .9 9 11.0 2.1
3 7 .0 2 .5 10 12.0 2 .2
6 9 .0 1 .8 11 13 .0 20 .0

The high degree of hydrolysis in the solution of pH = 13 
shows the futility of studying the fixation beyond pH = 12.

The data are plot
ted in Fig. 1. In  the
6-hour period a slight 
fixation is noted at 
pH =  5, which rap
idly rises to pH = S 
and r e m a i n s  f a i r ly  
constant until pH =  
11 , except for a slight 
depression at 9 fol
lowed by a slight rise 
a t 10. The result ob
tained in 2  weeks is 
s t r i k i n g  w i t h  i t s  

marked depression at pH =  9. In solutions more alkaline 
than pH =  9, it is quite possible that the nature of the sub
stance acting as a tannin is different from that in the less 
alkaline solutions, owing to polymerization and other changes 
in quinone in alkaline solutions.

Meunier believes that, in tanning by quinone, quinone 
first oxidizes the collagen as it does aromatic amines. As a 
result of this oxidation of the collagen, hydroquinone is formed.

F ig . 2

The oxidized collagen combines with part of the remaining 
quinone. All the filtrates in the experiments described 
above reduced Fehling’s solution, indicating the presence of 
hydroquinone. Moré specific tests for hydroquinone failed 
owing to the dark color of the filtrates.

Since indication of the validity of Meunier’s theory was 
found, it was considered possible to subject it to a more 
conclusive test. If hydroquinone is formed during the tan
ning, then the addition of hydroquinone should repress the tan
ning action of quinone. The addition of hydroquinone to 
quinone solutions results in the formation of the addition 
compound, quinhydrone, but since this compound dissociates 
partially into its constituents in aqueous solution, the forma
tion of quinhydrone should not produce any complications.

Hide powder was drummed as before with quinone solutions 
of the same concentrations but with different amounts of 
hydroquinone present. The experiment was carried out in 
two series, one in a buffer at pH =  7 and another at pH = 9, 
and the time was 6 hours.

T a b l e  I V — E f f e c t  o f  H y d r o q u i n o n e  o n  Q u i n o n e  T a n n a g e  
H vdroquinone I n c r e a s e  i n  W e i g h t  o f  2  G r a m s  D r y  H i d e  P o w d e r  

A t pH  =  7 A t p H  =  9
G ram  G ram

present
G ram s

N one
1.0
2.0
3 . 0  
4 . 5
6.0

0 . 3 2 3
0 . 3 0 9
0 . 2 4 7
0 . 2 5 1
0.156
0 . 1 0 6

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

T a b l e  1 1 1 — F i x a t i o n  o f  Q u i n o n e  i n  2 4  H o u r s , 2  W e e k s , a n d  5 1/ ?  W e e k s  
I n c r e a s e  i n  W e i g h t  o k  2  G r a m s  D r y  H i d e  P o w d e r These data are shown graphically in Fig. 2. The presence 

of hydroquinone reduces the tanning action of quinone. I t  is 
more marked at pH =  9, and also when the amount of hydro
quinone equals and exceeds the amount of quinone present, 
where the latter is in the form of quinhydrone.

All filtrates showed positive tests for quinone. Some of the 
filtrates in the 24-hour series were subjected to the Kjeldahl 
determination. The degree of hydrolysis of the hide substance 
so found is shown below.

F ic . 3

S p e e d  o f  F i x a t i o n

The speed of fixation of quinone in solutions at pH = S, 
using 200 cc. of solution containing 2.74 grams quinone and 
portions of hide powder equal to 2 .0 0 0 grams dry substance, was 
determined a t 25° C. The rotating machine containing the 
bottles was immersed in a water thermostat a t this tempera
ture. The data in Table V and Fig. 3 show a smooth curve of 
parabolic shape, which, however, when submitted to calcula
tion by the monomolecular and dimolecular laws, showed 
that the reaction was of higher order.

V — R a t e o f  Q u i n o n e T a n n a g e  a t  p H =  S AND A T 2
Increase in Increase  in
w eight of 2 weight of 2
gram s hide gram s hide

Tim e pow der Tim e powder
M inu tes G ram M inutes G ram

18 0 .094 300 0.378
32 0 .126 420 0 .418
60 0 .180 600 0 .496
91 0.211 1440 0 .615

121 0.254 14296 0 .835
210 0 .333 24800 0.947

The authors are pleased to acknowledge the generous sup
port of A. F. Gallun & Sons Company in this investigation.
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Consistency of Rubber-Benzene Solutions’2
By Winslow H. Herschel

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 .

THE rubber experimental stations in the Dutch East 
Indies have found that, although the behavior of 
rubber during and after vulcanization cannot be pre

dicted from determinations of the so-called relative viscosity, 
this test, combined with vulcanization tests, gives valuable 
indications, and in certain investigations viscosity determina
tions alone may be of use.

In the method adopted by the rubber experimental stations, 
using the Ostwald viscometer, ratio of time of flow of the 
rubber solution to time of flow of benzene at the same tempera
ture of 30° C. (8 6 ° F.) is called the “relative viscosity,” 
although, strictly speaking, it is only a t very low velocities of 
flow that the ratio of time of flow is equal to the relative 
viscosity. Since it is practically impossible to have the solu
tion, as run, of exactly the desired concentration, a diagram 
is furnished to correct results to the standard concentration of 
1 per cent.

An examination of this method shows the following possible 
objections:

1— Inasmuch as the tim e of flow is greatly reduced if the crepe 
rubber is milled before being dissolved, the question naturally 
arises whether the rolling received by the crepe at the plantation  
would not have the same effect, so th a t tests on benzene solutions 
should take account of the m ethod of preparing the crepe.

2— There seems to  be no adequate reason for comparing the 
time of flow of the solution w ith th a t for benzene. W ater has 
the advantage of being a  definite chemical compound of known v is 
cosity, easily procurable, and of high purity. C. P. benzene is 
less readily procurable. The difference in tim e of flow of commer
cial and C. P. thiophene-free benzene was found to  be hardly 
greater than the experimental error w ith an Ostwald viscom eter 
at 30° C., being 17.4 seconds w ith  the former and 17.3 seconds 
with the latter. W ith water at 30° C. and a tim e of flow of 21.0 
seconds, the percentage error in tim ing would not be so great.

3—Since the equation connecting absolute viscosity w ith time 
of flow contains two instrum ental constants,3 it  is necessary to 
determine tw o tim es of flow with water, a t two temperatures, to  
calibrate the viscom eter so that its readings m ay be readily con
vertible into viscosity in e .g . s. units, provided th a t the benzene 
solutions of rubber are not plastic but viscous. The distinction 
between viscosity and plasticity is. very  im portant and will be 
considered later.

4—As Ostwald viscom eters are of glass, it  is impracticable to 
make them  all of exactly the same dimensions. A correction m ust 
therefore be applied to  reduce all results to  those of a standard 
instrument. This correction is m ade m ost easily by calibrating 
each instrum ent w ith water and expressing all results as viscosity  
in  poises, the poise being the c. g. s. unit of viscosity. If, however, 
the solution is not viscous but plastic, the m agnitude of the 
correction depends upon the nature of the solution, as well as 
upon the dimensions of the instrum ent, and a single tim e of flow 
is inadequate to determine the consistency of the solution.

D i s t i n c t i o n  b e t w e e n  V i s c o u s  a n d  P l a s t i c  M a t e r i a l s

Viscosity is the constant ratio of shearing stress to rate of 
shear. A material is considered plastic if the apparent viscosity 
(ratio of shearing stress to rate of shear) varies with the rate 
■of shear. . Viscosity can be expressed by a single numerical 
value, but the consistency of a plastic material must be ex
pressed by an: equation or other means which completely 
defines the variable relation between rate of flow and the 
force that produces i t .4

1 Presented under the  title  “ M ethod  of D eterm ining  Consistency of 
Benzene Solutions of Rubber*' before th e  Division of R ubber C hem istry a t 
th e  67th M eeting  of the  A m erican Chem ical Society, W ashington, D . C., 
A pril 21 to  26. 1924. ' .. .

2 Published by  perm ission of the-D iredtor, U. S. B ureau  of S tandards.
.» Sheeley,(This. J ournal,; 15,JL10p.( 192?)..;
4 Hall, Bur. Standards, Tech. Paper 2 3 4 ,  351 (1923).

I t  is to be expected that true solutions and mixtures of 
miscible liquids will be viscous, but tha t mixtures of a liquid 
with a powder or finely divided material will be plastic, if 
of sufficiently high concentration. In cases of doubt tests 
are necessary, the essential requirement being that successive 
trials be made a t different rates of shear. The standardi
zation of the rate of shear, as has been proposed, 5 may enable 
different laboratories to obtain the same numerical results but 
the complete relation between the rate of flow and the force 
which produces it cannot be obtained by a single test. Two 
different plastic materials which show the same apparent 
viscosity on a single test would not necessarily have the same 
consistency.

The Ostwald viscometer is not suitable for the measure
ment of plasticity as ordinarily used, because the pressure 
head, and consequently the rate of flow for a given material, 
is fixed. By tests with the Bingham viscometer,6 in which
the rate of flow can be varied, the ratio of rate of
flow to pressure head was found to be a variable, thus
showing that, at least in some concentrations, benzene
solutions of rubber are plastic. The 1 and 2 per cent solutions 
of crepe rubber in commercial benzene, which were used in 
these tests, were prepared in accordance with the method of 
the Delft Institute .7 I t  was found that if the crepe was 
milled before being dissolved, a 2 per cent solution would be 
viscous, and further milling resulted in a solution of lower 
viscosity. This is in agreement with the previous observa
tion that the apparent viscosity decreases with the length of 
milling of the rubber before it is dissolved.

As the concentration is decreased a point must be reached 
where the solution is viscous. The exact concentration 
where this change takes place has not been determined, but 
solutions of between 0.03 and 0.47 per cent concentration 
have been reported as viscous.8

C o n c l u s i o n s

1—Tests of the consistency of benzene solutions of rubber 
should be made by a method which permits the distinction 
between a viscous and a plastic material to be observed and 
reported.

2—Results should be expressed in poises when the solution 
is found to be viscous.

3—At least two numerical values are required to express the 
consistency of plastic materials such as (at least in some cases) 
benzene solutions of unmilled rubber.

« Shulenberger, Paint, Oil Chem. Rev., 7 2 ,  A ugust 17, p. 10, and  
October 5, p . 10 (1921); sec also T h i s  J o u r n a l ,  1 4 ,  1164 (1922); 1 6 ,  310 
(1924).

# Bur. Standards, Sci. Paper 2 9 8 ,  64 (1917). 
t Kolloidchem. Beihefte, 1 0 , 83 (1918-19). 
s C. A .. 1 8 , 1065 (1924).

New French Journal Specializes on Colloids—La revue generate 
des colloides and de leurs applications industr idles is the name of 
a new French periodical, which has been published m onthly since 
November, 1923. This paper specializes in the study of colloids, 
th.e importance of which is becoming m oie and more recognized 
in' industrial technology. ' Each issue of the new journal con
tains original articles and abstracts from foreign publications, 
classified into twenty-four different branches of the subject.

The subscription price to  countries other than France is 55 
francs. The office of publication is 92 rue Bonaparte, Paris, V ie.
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Determination of Distribution of Particle Size1
By W. J. Kelly

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

IN S T U D Y I N G  th e  
properties of pigments 
and fine powders it is 

often necessary to know, 
not only the average size of 
the individual particles, but
also the percentage of particles of various sizes present in the 
powder. Several microscopic methods, such as the count 
method, have been devised, but these give only the average 
size and do not permit the determination of the distribution of 
sizes. I t  is usually more convenient to study the pigments 
and powders in liquid suspensions, and hence the most natural 
way of determining the size of particle would be to measure 
the rate of settling in a liquid and by the use of Stokes’ law, 
so far as it is applicable, calculate the diameter.

P r e v i o u s  M e t h o d s

Oden5 has worked out a very ingenious m ethod for weighing  
the sedim ent forming at the bottom  of a tube, and from the rate 
a t which it  formed he was able to calculate the diam eter and also 
the distribution of the particles of different diameters. Sved- 

berg and R inde3 improved this m ethod to  the  
exten t of adding an autom atic w eight recorder 
which drew a practically continuous curve. 
Figures are given by Svedberg and R inde show
ing the distribution of particle size for gold 
and mercury hydrosols. The great advantage  
of this method is that very small am ounts of 
m aterial can be used. However, if large 
am ounts of m aterial are available it is usually  
more convenient to operate w ith slightly  more 
concentrated suspensions provided they are still 
dilute enough so that no flocculation takesplace.

A rough m ethod was devised by W o. Ostwald  
and von H ahn4 for determ ining the rate of se t
tling, but in this m ethod the use of very con
centrated suspensions, as high as 20 per cent 
solids, is necessary. The m ethod depends on 
the fact that a suspension is specifically heavier  
than the medium, and hence, if the suspen
sion is placed in one arm of a  U  tube and the 
suspending medium in the other, the latter will 
stand a t a higher level. A s the solid settles out 
the suspension becom es specifically lighter and 
the level difference in the two arms of the tube  
decreases. From the rate a t which the level 
difference decreases a  rough idea of the rate of 
settling can be obtained. Von H ahn used a tube  
such as is shown in F ig. 1. The suspension is 
placed in the left-hand tube and the medium in 
the right. A scale is m ounted at the back so  
th at the m enisci can be read. The side tube  
is about 130 cm. long and the whole apparatus 
about 150 to 160 cm. In order to get a read
able level difference very concentrated suspen
sions were used. In these suspensions there 
was considerable flocculation and as a result 
the m ethod measured more the rate of floccula
tion plus settling than that of settling alone.

A  method is described by which the size of the particles of a suspen
sion can be easily and accurately determined. The distribution of 
the particle size can also be obtained. The method presupposes the 
ealidily of Stokes' law for the rate of settling.

F io . 1— Sb di-
KENTATION TUBS 
(von H ahn)

P r e s e n t  M e t h o d  

The method described in this paper is a 
modification of von Hahn's, which permits the use of 0.5 to 
1 per cent suspensions and by which the actual weight of

1 P resented  a t  the  Second N ationa l Colloid Sym posium , E v anston , III., 
Ju n e  18 to  21, 1924.

> Proc. Roy. Soc. Edinburgh, 36, 219 (1916).
» J .  A m . Chcm. Soc., « ,  943 (1923).
« KoUoid-Z., SI, CO (1923).

the material settling 
the entrance of the 
tube can be 

In  a tube 
shown in Fig. 
ence in level,

h

past 
side 

calculated, 
of the type 
2 the differ- 
a, in the two

( 1 )

arms is given by the equation
D , a — t  ii a

where h is the height of the suspension, D its density, and d the 
density of the medium or the liquid in the side tube. In  case 
of short tubes and dilute suspensions a is very small. If the 
side tube is bent over, the apparent value of a can be in
creased considerably and measured in terms of the length of 
the liquid column in the horizontal part of the side tube. If 
this length is I, then

a =  I sin b (2)
where b is the angle which the side tube makes with the 
horizontal.

In order to calculate the weight of material which settles 
past the side tube, the density of the suspension, D, has to be 
known in terms of the medium and the specific gravity of the 
suspended material. Thus

D  =  Vd +  w  (3)

where V  is the volume of suspension in the large tube above 
the side tube, v the volume of the pigment and hence also that 
of the medium displaced, and w is the weight of the solid phase- 

If S  is the specific gravity of the pigment, then
w
— or v 
v

Substituting (4) in (3)

D  =

jrj WdVd -  - j  +  w
S V d  — wd  4- w S  

VS

(4)

(5)

(6)

Substituting (5) and (2) in (1)
, . , h S V d  — wd  +  w S  .
l s m b ~  d  v s  h

which on simplification gives
d V S l sin b 

W h { S —d)
In  this equation w and I are the only variables for any given 
experiment, and as soon as the values of the constants have 
been determined the equation may be written

w  =  K . l  (7)
in which form it is easily used. The total weight of solid phase 
in the suspension being known, it is a simple m atter to calcu
late the percentage which settles out in a given time.

In  using this method the actual length of the side tube is. 
immaterial, provided it is long enough to take care of the re
cession due to the settling. The zero point is taken a t the up
per end of the tube and the difference between this point and 
the position of the meniscus a t any given time is taken as- 
I. In  this way the effect of capillarity is eliminated.

P r e c i s i o n  D i s c u s s i o n

In  Equation 6 all values with the exception of I and sin b can 
be determined so accurately tha t no error in w arises from them. 
For the values of b obtaining in the determination an error of
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in the capillary is a t the lower end of the horizontal portion. 
The height of the column in the settling tube is then measured 
from the entrance of the side tube and also the volume. The 
stopcock at the upper end of the side tube is closed and the 
settling tube emptied. The suspension is then poured in up to 
the same level where the water stood and the tube placed 
in the thermostat. The tube is held firmly so tha t the angle 
of inclination of the side tube is constant. The stopcock is 
then opened and readings begun. The first reading is taken 1 
minute after setting the tube or at any other convenient 
interval. After about five readings have been made they are 
plotted and extrapolated to zero time in order to get the zero 
reading on the capillary tube. In the case of suspensions 
that settle slowly this is not necessary, as the reading a t the 
end of 1 or even 2 minutes can be taken for the zero without 
introducing any appreciable error. In order to prevent the 
water from sticking in the capillary tube, it is recommended 
th a t a fairly large capillary (2  mm.) be used and also tha t some 
protective colloid, such as gum arabic, gelatin, saponin, etc,, 
be added to the water in the capillary to reduce its surface 
tension and thus render it less liable to give false readings due 
to imperfections or specks of dirt in the capillary.

The tube as shown in Fig. 2 is not applicable in that form, 
because the water evaporates from both the large tube and 
the capillary, thus causing the recession to be more rapid than 
tha t due to the sedimentation alone. For that purpose a new 
tube (Fig. 4) has been designed (but not yet built).

The large tube, which should be about 2 cm. in diameter, has 
a ground, jointed cap, in the interior of which a small amount 
of water can be placed. This water is held a t the same tem
perature as that in the tube proper, and hence by keeping the 
pressure of the water vapor constant below the cap any 
evaporation which takes place would naturally come from the 
water in the cap, as that is nearer the opening of the tube. 
The small bulb at the outer end of the capillary serves the 
same purpose.

The dimensions that should work best are given in Fig. 4, 
although the settling tube can be made any convenient length. 
Naturally, the longer the side tube the greater will be the 
initial level difference and hence the greater the accuracy, 
for a given suspension.

P r e p a r a t i o n  o f  t h e  S a m p l e

To get reliable results it is necessary that the sample be 
perfectly dispersed, or, in other words, all agglomerates must 
be broken up and only primary particles left. This may be

I per cent in measuring the angle which is about 1 degree 
30 minutes will introduce an error of approximately the same 
magnitude in the percentage of material settling out. The 
position of the meniscus in the capillary can be read to 
=*=0.01  cm., so tha t at the start a fairly large error can be in
troduced from this value. However, as the recession in the

capillary proceeds this error grows less, and a t 2 cm. has been 
reduced to 1 per cent. In  the example given 18 per cent of the 
material has settled out when the recession attains 2 cm., so 
that a t this point the weight of material is known within 1 
per cent.

For the calculation of the size of the particle it is assumed 
that Stokes’ law is valid, and hence any error in the calcula
tion will be only tha t inherent in the law itself.

O p e r a t i o n

The tube and capillary are first cleaned with potassium 
bichromate-sulfuric acid mixture and then rinsed thor
oughly with distilled water. The whole tube is then filled 
with water to the proper level, which is such tha t the meniscus

F i g . 2
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done by moistening a weighed amount, for instance, 1 gram, 
on a glass plate and rubbing it with a spatula. A few cubic 
centimeters of a protective colloid solution, such as 5 per cent 
gum arabic, and a small amount of an electrolyte, such as 1 
cc. of a 5 per cent barium chloride solution for barium sulfate 
or zinc chloride or sodium hydroxide for zinc oxide, etc., is

added as a peptizing agent and the whole mixture rubbed well 
with the spatula. The mixture is then diluted gradually until 
it is fairly thin, washed into a graduate and made up to 100 
cc., or whatever volume is desired. In this way a very good 
dispersion can be made.

T a b l e  I — D i s t r i b u t i o n  o f  P a r t i c l e  S i z e  i n  S u s p e n s i o n  o f  B a r i u m

Tim e
S u l f a t e

M inutes R adius P er cent
10 > 7 .1 « 11 .5
20 7 .1  to  5 .0 14 .0
30 5 .0  to  4 .1 3 .5
40 4 .1  to  3 .5 3 .2
50 3 .5  to  3 .2 4 .1
60 3 .2  to  2 .9 1.1
70 2 .9  to  2 .7 6 .2

130 2 .7  to  2 .0 0 .9
170 2 .0  to  1 .7 2 .1
320 1 .7  to  1 .2 3 .1

a < 1 . 2

R e s u l t s

50 .3

Table I and Fig. 3 show the results obtained by this method 
on a 2 per cent suspension of barium sulfate. The curve is 
fairly smooth up to the point where 60 per cent of the material 
had settled out, a t which point readings were stopped. If the 
experiment were carried much beyond this time, there would 
be some doubt as to the accuracy owing to the evaporation 
of the water in the settling tube.

The percentages of material of "any jpvensize range can be 
calculated from the sedimentation curve (Fig. 3). Accord
ing to Svedberg and Rinde5 the difference between the 
intercepts of any two tangents on the weight axis gives the 
amount of material having a size range as calculated from 
Stokes’ law for the time interval chosen. In the present case 
the times- are -given - in the - first column, of- TableJE and- the 
radius range between two successive times are given in the 
second column. The percentages in the third column are 
obtained from the differences between the intercepts of the 
corresponding tangents.

In applying Stokes’ law
9 y h

s-  2" ( r -  s).e/ ;
1 See also Svedberg, ‘'Colloid C hem istry ,” A, C. S. M onograph Series, 

p , 144.

h is measured from the surface of the liquid to the entrance of 
the side tube. Hence a t any given time all particles of radius 
calculated from Stokes’ law for this time will have reached the 
entrance of the side tube. By calculating the radii at suc
cessive time intervals the range of particle size settling be
tween these time intervals is obtained. The figures given in 
Table I  for the size range were calculated in this way. This 
table gives the distribution of the particle size for the par
ticular sample of barium sulfate U se d .

Analysis of Dehydrothio-p- 
toluidine Sulfonic Acid1

By H . R. L ee and D . O. Jones

T h e  N e w p o r t  C o . ,  M i l w a u k e e , W i s .

T HE titrimetric diazotization of dehydrothio-p-tolui- 
dine sulfonic acid according to the usual method has 
been found difficult owing to the low solubility of 

both the sulfonic acid and the diazo compound in acid solu
tion.

Numerous trial titrations, made by adding varying quanti
ties of nitrite to an alkaline solution of. the amine, then 
acidifying and completing the titration in the usual manner, 
gave results ranging from 80 to 90 per cent of theory. This 
led to the attem pt to analyze compounds of this type by add
ing an excess of nitrite to an alkaline solution of the amine, 
acidifying, and titrating back the excess of nitrite with a 
standard -solution of a primary amine.

The first problem in the development of the back titration 
method was to find an amine, which would be stable in solution 
and which would diazotize rapidly and quantitatively at 0 ° C., 
to be used as a standard solution for the estimation of 
excess nitrous acid. p-Nitroaniline and nitrocresidine were 
found to meet these requirements. The former, being a more 
common laboratory reagent and having greater solubility in 
acid solution, was considered more suitable.

P r e p a r a t i o n  o f  P u r e  D e h y d r o t h i o - p - t o l u i d i n e  
A m m o n i u m  S u l f o n a t e

A sample of technical dehydrothio-p-toluidine ammonium 
sulfonate was converted into the sodium salt by boiling with 
dilute sodium hydroxide. The free acid was obtained by 
slowly adding the filtered sodium salt to a rapidly agitated 
hydrochloric acid solution, filtering off the precipitate, and 
washing free of inorganic salts. This product was converted 
back to the ammonium salt by dissolving in ammonia, con
centrating by evaporation, and permitting the product to 
crystallize out-slowly. The ammonium salt was filtered off, 
recrystallized three times from dilute ammonia solution, 
and dried to-constant weight in  vacuo a t 100° G. The wet 
filter cake was silvery white in color, but turned somewhat 
yellow on drying.

„A n a l y s i s  . o f  . P u r e  ' D e h y d r o t h i o - p - t o l u i d P tb , .A m m  o n i u m  
S u l f o n a t e

In order to establish the purity of this product, to show that 
nitrogen was properly distributed and to indicate the ac
curacy of the proposed back titration method, the following 
determinations were made:

} P resen ted  before th e  D ivision o f l5ye ChemTstry^at the  66th M eeting 
of th e  A m erican C hem ical Society, M ilw aukee, W is., Septem ber 10 to  14. 

-1923. * •
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(1) Am ino nitrogen, by the nitrite back titration m ethod  
herein described.

(2) T otal nitrogen, b y  the Kjeldahl m ethod.
(3) Ammonium salt nitrogen, by saponification w ith caustic 

soda solution, distillation, and titration of the liberated ammonia, 
as in the usual Kjeldahl m ethod. (Paraffin was used to prevent 
foaming. T he use of zinc for this purpose resulted in the re
duction of the product to p-toluidine.)

The results of these determinations are presented in Table I.

T a b l e  I — A n a l y s e s  o f  P u r i f i e d  D e h y d r o t i i i o -/>-t o l u i d i n e  A m m o n i u m  
S u l f o n a t e

(W eight of sam ple, 1.3000 grains; 
0.1 N ^ -n itro 

anilinę

50 cc. 0.1 N  n itr ite  added)

required  0.1 N  ni- --------------P e r  c e n t  P u r i t y -
for back tr i te  con- Back titra - 
titra tio n  suined tion K jeldahl

Analysis Cc. Cc. m ethod m ethod
1 11.75  38 .25  '9 9 .2 0  99 .12
2 11.77 38 .23  99 .20  99 .02

Saponifi
cation

m ethod
99 .23
99 .09

A n a l y s i s  o f  T e c h n i c a l  D e i i y d r o t h i o - p - t o l u i d i n e  
A m m o n i u m  S u l f o n a t e

Since very concordant results were obtained on the puri
fied product, the possibility of applying the new method to 
the analysis of the technical product was next considered. 
Five samples composited from shipments of the commercial 
product were analyzed, with results as presented in Table II.

T a b l e  II— A n a l y s e s  o f  T e c h n i c a l  D e i i y d r o t h i o - 
S u l f o n a t e

(W eight of sam ple, 1.3000 gram s; 50 cc. 0.1

¿-T O L U iD iN E  A m m o n i u m  

N  n itr ite  added)
0.1 N  ^ -n i

troanilinę
required 0 .1  N  n i ,------------------- p I{R c e n t  P u r i t y
for back tr i te  con Back t i t r a  Saponifi
titra tio n sum ed tion K jeldahl cation

Sample Cc. Cc. m ethod m ethod m ethod
1 1 4 .6G 35.34 91 .70 91.51 8S.34

15.69 35.31 91 .62 91.51 88 .13
2 13.24 36.76 95.39 95.14 92.32

13.24 36.76 95.39 95.23 92.32
3 23.34 36.66 95.13 95 .35 90.19

13.30 36 .70 95.23 95.44 90 .13
4 13.24 36.76 95.39 95.40 91.83

13.27 36.73 95.31 95.36 91.83
13.27 36.73 95.31 95.34 92 .16
13.32 36.68 95 .18 95.19 92 .16

to volume in a 1-liter volumetric flask. Standardize the ni
trite solution against sulfanilic acid of known purity. De
termine the relative strength of the nitrite to the p-nitroani- 
line by titrating a 10-cc. sample of the nitrite with p-nitro- 
aniline in the same volume and under the conditions as de
scribed in the back titration method.

Diazo-p-nitrobenzene has a rather strong oxidizing effect 
on starch iodide which accounts for the use of a 10-cc. sample 
of nitrite in this standardization.

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

Weigh 1.3 grams of dehydrothio-p-toluidine ammonium 
sulfonate, transfer into a 600-cc. beaker, add 200  cc. of water 
and 5 cc. of 10 per cent caustic soda solution to dissolve. 
Cool to 0° to 5° C., and add chipped ice. Add from a buret 
50 cc. of 0.1 N  sodium nitrite solution, or a sufficient quantity 
to allow for an excess of approximately 10 cc. of 0.1 N  nitrite 
after diazotization. While stirring, acidify with 25 cc. of 
concentrated hydrochloric acid and 10 cc. of concentrated 
nitric acid (N20a free) . 2 Cover the beaker with a watch glass 
and allow to stand for 10 minutes. Titrate back the excess of 
nitrous acid with approximately 0.1 N  p-nitroaniline solution. 
The end point is reached when, upon spotting a small drop of 
the solution from a stirring rod onto a drop of starch iodide 
solution on the level surface of a spot plate, no immediate 
formation of blue color results. On spotting with starch 
iodide a gradual development of blue color takes place, which 
has no relation to the end point. At the end point this de
velopment of color is comparatively slow (about 2 seconds), 
but upon the further addition of one or two drops of p-nitro
aniline solution the blue color develops more rapidly. An 
analysis by this method can be completed in 20 to 30 minutes.

0.033733 gram of dehydrothio-/j-tolui-1 cc. of 0.1 N  nitrite o  0.( 
dine ammonium sulfonate

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

Dehydrothio-p-toluidine is used principally as the first 
component in azo dyes. For this reason the nitrite absorp
tion is considered the most desirable criterion of purity. In  
the case of the technical samples the results by the back 
titration method are in excellent agreement with the Kjeldahl 
analyses, but do not check the ammonium salt nitrogen de
terminations. This shows tha t the commercial samples were 
not completely converted to the ammonium salt during the 
process of manufacturing, since results from 3 to 5 per cent 
below the nitrite figures were obtained by saponification. 
An additional source of error in the analysis of the tech
nical product is the fact that dehydrothio-p-toluidine and 
primuline (bases), as well as the free sulfonic acids of these 
compounds, are usually present as impurities.

The back titration method as herein presented does not 
anticipate the determination of dehydrothio-p-toluidine am
monium sulfonate alone where similar compounds are present 
as impurities; the fact, however, that the back titration pro
cedure yields theoretical results when applied to the pure 
compound and concordant results on the technical product 
indicates that the method does give the correct nitrite ab
sorption on both the pure and technical'products.

P r e p a r a t i o n  a n d  S t a n d a r d i z a t i o n  o f  S o l u t i o n s

Dissolve 14.0 grams of technical p-nitroaniline in 2 00  cc. 
of hot water and 150 cc. of concentrated hydrochloric acid. 
Allow the solution to stand overnight, then filter and make up

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

The method can be applied to dehydrothio-p-toluidine, 
primuline, and dehydrothio-m-xylidine sulfonic acids, or to 
the free bases of these compounds if preceded by sulfonation of 
the sample with 20 to 25 per cent oleum. I t  is also applicable 
to the analysis of color bases and numerous other compounds 
which diazotize with difficulty because of their insolubility in 
acid solution.

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

The authors desire to express their appreciation to Bertram 
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2 Jones and  Lee, “ T itra tio n  of Aniline and H om ologs." See page 948, 
th is  issue.

.N ew  Oil Jo u rn a l

The first issue of the Journal of Oil and Fat Industries, pub
lished by the American Oil Chem ists’ Society, has recently  
appeared. The journal has started as a quarterly w ith com 
paratively few pages, but it is hoped that w ithin a very short 
tim e the demand will warrant issuing it  as a m onthly publica
tion. The Board of Editors will be composed of specialists in 
the various branches of glyceride chem istry and technology. 
Aside from abstracts of articles appearing in journals n o t gen
erally accessible to the members of the American Oil Chem ists’ 
Society, the journal plans to print only original and authoritative  
material. The first issue contains m ost of the proceedings of the  
fifteenth annual convention of the American Oil Chem ists’ 
Society.

Contributions for this new journal should be sent to  the editor, 
H. S. Bailey, P. O. Box 756, Savannah, Ga. Subscription and 
membership dues should be paid to the secretary-treasurer, 
Thos. B. Caldwell, Law & Co., W ilmington, N . C.
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Vapor Pressure Curves for Systems Containing Alcohol, 
Ether, and W ater1’2

By E. A. Louder, T. R. Briggs, and A. W. Browne

C o r n e l l  U n i v e r s i t y , I t h a c a , N . Y.

IN CONNECTION with 
the problem of recover
ing the solvents used in 

the manufacture of certain 
explosives, a study of the 
pressure-temperature d i a 
gram in various two, three, 
and four-component sys
tems has been undertaken

A  convenient apparatus for determining vapor pressure has been 
described. The vapor pressures of certain mixtures in the following 
systems have been determined between 0° and 5 0 0 C.: d iethyl ether, 
ethyl alcohol; diethyl ether, ethyl alcohol, water; diethyl ether, 
ethyl alcohol, water, diphenylamine.

The vapor pressures of purified diethyl ether, ethyl alcohol, and  
water have been redetermined between 0° and 50 0 C. From the data 
pressure-temperature curves have been constructed.

in this laboratory. The in
vestigation has comprised determinations of the pressure- 
temperature curves over a range from 0° to 50° C. for the 
systems (1) diethyl ether, ethyl alcohol; (2 ) diethyl ether, 
ethyl alcohol, water; (3) diethyl ether, ethyl alcohol, water, 
diphenylamine.

M a t e r ia l s

D i e t h y l  E t h e r —Diethyl ether was shaken with concen
trated sodium hydroxide, and after being dried, first over 
anhydrous calcium chloride and then over sodium, it was at 
length distilled for use from a flask containing sodium. The 
normal boiling point was found to be 34.60° C.

E t h y l  A l c o h o l —Technical absolute alcohol was boiled for 
10 hours with anhydrous calcium oxide, distilled, and again 
boiled with anhydrous calcium oxide for an additional period 
of 48 hours. After being distilled, the alcohol was freed from 
aldehyde by treatment with dry silver oxide. I t  was then 
boiled for 48 hours with anhydrous barium oxide and was 
finally distilled for use from a flask containing sodium. The 
normal boiling point was found to be 78.36° C.

W a t e r —Water of special purity was prepared by distilla
tion from a potassium dichromate solution. The steam was 
passed through a calcium hydroxide solution to remove car
bon dioxide, and the condensate was stored in a closed con
tainer.

A p p a r a t u s

The vapor pressure apparatus is shown in Fig. 1. The 
pressure bulb, B, containing the system under investigation, 
the manometer, M , the leveling tube, L , and the water bath, 
A ,  comprise the essential features. The liquid to be studied 
was stored in the reservoir, K ,  which in turn was protected by 
the glass-stoppered TJ tubes, T  and T ', containing, in order, 
phosphorus pentoxide and anhydrous calcium chloride. 
To prevent distillation of the volatile liquid from the reser
voir into the desiccants, care was taken ordinarily to close the 
connection between the two by turning the stopper in T. 
The pressure, bulb could be placed into communication with 
the storage reservoir via the ground-glass joint a t J ,  or it 
could be connected with the external atmosphere through a 
soda-lime tower, T". The leveling bulb was fitted with a glass 
plunger for the delicate adjustment of the mercury level in

1 R eceived A pril 25, 1924.
1 T his artic le  is based upon th e  thesis p resented  to  th e  facu lty  of the  

G raduate  School of Cornell U niversity  b y  E . A. L ouder in p a rtia l fulfilm ent 
of th e  requ irem ents fo r th e  degree of docto r of philosophy. T h e  w ork was 
u ndertaken  a t  th e  suggestion of M ajo r J . H . H un te r, O rdnance D ep artm en t, 
U. S. A., and  has been supported  by  a  g ra n t from  th a t  d ep artm en t. I t  is 
now  published w ith perm ission of th e  Chief of O rdnance. A cknow ledgm ent 
is here m ade of th e  assistance rendered  by  A. B. H oel in certa in  p a rts  of the  
experim ental work.

the pressure bulb, and the 
manometer was mounted 
beside a boxwood meter 
scale. Two complete pieces 
of apparatus were employed 
in the investigation.

The temperature was con
trolled by immersing the 
pressure bulb in a water bath 
to a point above the stop

cock, S , the bath being stirred thoroughly during each deter
mination. The temperature of the bath was maintained at the 
desired point without the use of an automatic thermoregulat
ing device, one of the operators either making small additions 
of ice or heating the water with a nichrome coil, according to 
the temperature desired. I t  was found tha t this method 
sufficed to keep the temperature constant to within 0 .0 2 ° C. 
over the period of time required for a pressure determination. 
During this period the pressure bulb, connected with the 
manometer through the flexible glass spiral, C, was steadily 
shaken, for the purpose of bringing about, as rapidly as pos
sible. the necessary condition of equilibrium between liquid 
and vapor.

All thermometers used in this investigation were compared 
with a standard thermometer recently calibrated by the Bu
reau of Standards. The readings were corrected for stem 
immersion when necessary. All readings of barometer and 
manometers have been reduced to 0° C. and are expressed in 
millimeters of mercury.

P r o c e d u r e

After the apparatus had been supplied with a sufficient 
quantity of redistilled mercury, the pressure bulb was placed 
in communication with the external atmosphere through the

soda-lime tower, T", and the mercury level was brought to a 
fixed point in the narrow connecting tube below B , as shown 
in the sketch. This adjustment was made by bringing the
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level of the mercury exactly opposite a definite line on the 
scale D, which consisted of an inverted buret held firmly in 
position in the supporting framework of the apparatus and 
bearing calibration marks which passed entirely around the 
stem. By ascertaining the position of the mercury level in 
the manometer, a reading of the latter was obtained when the 
vapor phase in the pressure bulb consisted simply of the dry 
air under barometric pressure.

The pressure bulb was then filled completely with mercury, 
the stopcock was closed, and mercury was withdrawn until 
its level was again brought opposite the fixed point on the buret 
scale. The difference between the manometer reading now 
obtained and the previous reading should, of course, be equal 
to the height of the barometer, and since this was found to be 
true within 0 .2  mm., the apparatus was considered to be in 
satisfactory working condition. The actual measurement of 
vapor pressure was thereupon begun.

A definite quantity of liquid was drawn into the pressure 
bulb from the storage reservoir, and the bulb was placed in 
communication with the atmosphere as before. After adjust
ing the temperature of the water bath to 0° C., the mercury 
level was brought opposite the fixed point on the buret scale 
and the manometer reading was obtained, this time with the 
bulb containing air and volatile liquid under barometric pres
sure. For the sake of convenience, this will be called an 
open-bulb reading.

T a b l e  I — V a p o r  P r e s s u r e  o f  E t h e r

T em pera tu re  
° C. N ew  d a ta

D a ta  by  R am say  
and  Young

D a ta  by 
R egnau it

0 .0 185.3 184.9 184.4
5 .0 233 .2 232 .5  (curve) 230 .9

10 .0 291 .7 291.78 286 .2
15 .0 360.7 3 6 1 .0  (curve) 353 .6
20 .0 442 .2 442.36 432 .8
25 .0 537 .0 537 .5  (curve) 525 .9
30 .0 647 .3 647.92 634 .8
35 .0 77 5 .5 77 6 .0  (curve) 761 .2
4 0 .0 921 .3 921.18 907 .0
4 5 .0 1089.8 1091.5 1074.5
50 .0 1276.4 1276.11 1264.8

The air aboye the liquid was next expelled by raising the 
level of the mercury, the stopcock was closed, and steps

were taken to eliminate the dissolved air carried by the 
liquid. This was done conveniently by lowering the mercury 
level until a fairly large volume of vapor was formed above the 
liquid in the pressure bulb, when, on causing this vapor to be 
condensed by a sudden increase in pressure, a portion of the 
air carried into the vapor remained uncondensed and was 
trapped in the form of a bubble below the stopcock S, through 
which it was expelled. This process was repeated several 
times until no visible trace of uncondensable gas remained.

The mercury level in the pressure bulb was finally brought 
opposite the fixed point on the buret scale and the manometer 
reading was obtained, after due care had been taken to bring 
liquid and vapor into complete equilibrium. The difference 
between this closed-bulb reading and the open-bulb reading 
previously obtained was subtracted from the barometric 
pressure. The result was the vapor pressure of the liquid.

.  T a b l e  I I — V a p o r  P r e s s u r e  o f  A l c o h o l

T em pera tu re  
° C. N ew  d a ta

D a ta  by  R am say  
and  Young

D a ta  by 
R eg n au it

0 .0 12.41 12.24 12.70
5 .0 17.31 17.30 17.60

10.0 24.34 23 .77 24 .20
15.0 33.22 32.50 33 .00
2 0 .0 44.40 44 .00 4 4 .5 0
25 .0 59.7 5 8 .8  (curve) 59 .40
30 .0 79 .3 78 .06 7 8 .5 0
3 5 .0 103.1 102 .0  (curve) 102.90
4 0 .0 134.6 133.42 133.70
4 5 .0 173.3 172 .0  (curve) 172.20
50 .0 221.1 219.82 219 .9

Certain special precautions should be mentioned. Owing 
to the fact that the mercury in the spiral below the pressure 
bulb was a t the temperature of the water bath while the rest 
of the mercury in the apparatus was a t the temperature of 
the room, the open-bulb readings varied slightly as the tem
perature of the water bath was changed. Since the tempera
ture of the room remained practically constant, it was found to 
be sufficient, however, to determine once for all the open-bulb 
readings for each apparatus over the whole temperature

for' each single liquid or liquid mixture investigated. I t  was 
found, for example, that the open-bulb reading for apparatus 
No. I changed 0.4 mm. for a rise of 10° C. In any given series
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T a b l e  III—V a p o r  P r e s s u r e s  o f  M i x t u r e s  o f  A l c o h o l  a n d  E t h e r
(A =  alcohol; E  *= ether)

T em pera tu re Pure 8 9 .9 6 %  A 
1 0 .0 4 %  E

7 9 .2 3 %  A 6 9 .9 1 %  A 
3 0 .0 9 %  E

60%  A 50%  A 
50%  E-

3 9 .9 3 %  A 3 0 .4 6 %  A. 19 .9 3 %  A 
8 0 .0 7 %  E

9 .9 7 %  A. Pure
alcohol 20 .0 7 %  E 40%  E 6 0 .0 7 %  E 68 .5 4 %  E 9 0 .0 3 %  E eth e r

0 .0 12.41 4 3 .3 70 .9 93 .7 111.8 126.7 141.1 151.7 160.8 172.0 185,3
5 .0 17.31 5 4 .6 90 .2 118.1 139.5 158.5 178.1 190.5 203 .6 217 .0 233 .2

10 .0 24 .34 70 .1 114.4 147.2 175.0 197.9 221 .7 236 .8 253 .9 271 .7 291 .7
15 .0 33 .22 8 9 .2 144.5 1S2.1 215 .5 247 .9 271 .2 293 .6 314 .4 335 .7 360.7
2 0 .0 4 4 .4 0 112.4 174.0 224 .8 268.1 302 .7 332 .9 359 .2 384 .4 410 .8 442 .2
25 .0 59 .7 140.7 214 .2 274 .0 324 .5 367 .8 405 .2 436.1 467 .5 499 .3 537.0
3 0 .0 79 .3 174.8 262 .9 333 .9 395 .3 446 .2 491 .7 529 .2 566 .9 604 .4 647.3
35 .0 103.1 217.3 318 .5 403 .7 476 .7 536.4 590 .6 632.1 681.7 7 2 6 .2 . 775 .5
4 0 .0 134.6 266 .3 386 .6 486 .2 571.0 641 .5 708 .6 758 .0 812 .2 865 .8 921.3
45 .0 173.3 327.4 467.1 582 .0 679 .2 762.1 842 .8 901 .0 965 .2 1025.8. _.1089.8
50 .0 221.1 400 .3 558.1 693 .2 801 .6 903 .5 995 .0 1062.7 1136.0 1208.4 1276.4

of determinations, of course, the open-bulb reading depends 
upon the height of liquid contained above the mercury in the 
pressure bulb; but since the latter remained very nearly 
unchanged during each series of pressure determinations for a 
given liquid over the temperature range, the open-bulb

reading a t 0 ° C., plus the corrections, could be employed 
without any sensible error. This point was substantiated by 
a separate experiment.

When the liquid under investigation is a mixture of two or

more volatile components, the vapor phase in equilibrium 
with the liquid differs from the latter in composition, unless 
the mixture chances to be azeotropic. The act of vaporiz
ing the liquid mixture in the pressure bulb will therefore 
change the composition of the liquid phase by an unknown 
amount, which may be relatively great where one of the vola
tile components is present in only a small proportion. Steps 
were therefore taken in this investigation practically to elimi
nate this source of error by using a large volume of liquid in 
the pressure bulb in contact with a comparatively small 
volume of vapor.

T able  V I - -V a p o r  P r e s s u r e  o p  M i x t u r e s  o f  A l c o h o l , E t h e r , a n d  
D i p h e n y l a m i n e

T em p era tu re -

0.0
5 .0

10.0
15 .0
20.0
2 5 .0
3 0 .0
3 5 .0
4 0 .0
4 5 .0
50 .0

(A =  alcohol, E  *=

331/ j %  E  
f>67a% A (95% ) 

102.2
127.4
158 .8
196.1
240 .9
293.1 
357 .6
431 .2
518 .5
620 .6  
737 .5

e ther, D =  d iphenylam ine)
33 '/a  %  33V3%

(99.7%  E ; 0 .3%  D) (99.4%  E ; 0 .6% D ) 
6673%  A (95% ) 6673%  A (95%)

100.1 . 9 9 . 3
124.5
155.7  155.5
193.9  191.8
23 7 .5 . 236 .3
290 .0  288 .3
353 .3  351 .8
4 2 7 .2  424 .9
516 .6  ' 514 .4
614.1  612.0
7 3 1 .0  728.7

The various mixtures were prepared by measuring, with the 
aid of burets calibrated by the Bureau of Standards, the 
requisite volumes of the purified components, the density of 
which had been determined previously with great care. The 
mixtures were produced directly in the reservoir K  in such 
■wise as to prevent any appreciable loss through volatiliza
tion.

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

The effectiveness of the apparatus and of the experimental 
method was first tested by determining separately the vapor 
pressures of two of the individual components, diethyl 
ether and alcohol. The data so obtained are submitted in

T a b l e  I V — V a p o r  P r e s s u r e  o f  M i x t u r e s  o f  A l c o h o l , E t h e r , a n d  W a t e r
T em pera

tu re W ater 6673%  E Pure Pure66 / 3 /o JlTHER, od /3 /o ALCOHOL
° c . 100% Pure A 95% A 90% A 85%  A 80%  A 70% A 60%  A 40%  A 20%  A 337 s %  W ether alcohol
0 .0 5 .1 0 147.3 148.6 149 .8 152.0 154 .5 157.9 165.4 173.6 181.0 187.4 185.3 12.4
5 .0 6 .9 0 185.6 186.8 189.2 192.8 193.7 198.9 207 .0 217.3 227 .0 236.4 233 .2 17.3

10.0 9 .36 231.7 233 .8 236.1 239 .3 242 .5 248 .3 259 .4 269 .2 282 .5 294 .3 291.7 24.3
15.0 13.16 285 .4 288 .3 292 .0 295 .0 300 .3 307.7 319 .9 332 .2 348 .6 363 .5 360 .7 33.2
20.0 17.37 350 .5 353.1 358 .8 362 .8 368 .0 376.0 392.3 407 .6 426 0 445 .2 442 .2 44 .4
25 .0 23 .66 425.7 429.7 435 .4 442 .6 447 .3 457 .2 476 .0 494 .5 517 .0 542 .5 537 .0 59 .7 ,
30 .0 3 2 .18 516.6 521.7 529.7 536.6 542 .5 555.4 577 .0 600.4 628 .0 658 .2 647 .3 79.3
35 .0 4 2 .38 623.1 628 .3 635.7 645 .4 6 5 4 .0 667 .8 695 .2 721 .8 754 .0 790.4 775 .5 103.1
4 0 .0 55 .37 742 .6 749 .9 759.7 771 .4 780 .0 79S.4 8 2 9 .0 86 1 .0 902 .0 943 .9 921 .3 134.6
45 .0 71 .87 882.1 891 .8 903 .0 916.1 928 .5 948 .6 984 .0 1021.7 1069.0 1120.6 1089.8 173.3
50 .0 92.71 1041.3 1052.5 1066.0 1082.4 1095.0 1120.0 1161.7 1206.4 1262.0 1321.2 1276.4 221.1

T a b l e  V — V a p o r  P r e s s u r e s  o f  M i x t u r e s  o f  A l c o h o l , E t h e r , a n d  W a t e r
T em gen itu re

Pure  A 95%  A 90%  A
— 71 .4 3 %  E t h e r ; 2S .57%  Alcohol— 

85%  A S0%  A 70%  A 60%  A 40%  A 20%  A
71 .4 3 %  E 

2 8 .5 7 %  W E th er
0 .0 152 .8 154.7 157.4 160.0 161.2 164.2 167.1 174.5 181.8 189.3 185.3
5 .0 191.6 194.7 197.3 1 9 9 .S 200 .6 204 .8 210 .7 218 .2 227 .2 236 1 233.2

10.0 240 .5 243.4 246 .5 24S .8 251 .2 255 .3 261 .6 272 .2 2S3.3 295.6 291.7
15.0 294 .9 299 .7 303 .5 305.7 308 .5 315 .5 323 .0 336 .3 350 .2 364 .4 360.7
20 .0 361 .7 366.1 370 .2 374 .2 378.7 387.1 395 .6 41 2 .0 428 .7 446 .7 442 .2
2 5 .0 440 .6 446 .3 452 .8 457 .3 462 .2 473 .2 481 .9 501.1 521 .0 543 .2 537.0
3 0 .0 534.7 .541.3 547.1 553 .6 560.2 573.6 585 .6 606.7 631 .5 658.7 647.3
3 5 .0 643 .2 651.4 659.4 665 .7 673 .2 690.3 704 .9 729 .6 757.4 791 .8 775.5
4 0 .0 767 .6 777.1 789 .0 796 .3 804 .4 823 .4 83S .5 870 .0 903 .4 944 .6 921.3
4 5 .0 911 .4 924.1 935 .9 945 .8 955 .8 977 .0 998 .0 1033.6 1071.6 1122.0 1089.8
5 0 .0 1075.1 1092.0 1105.7 1116.1 1128.8 1155.2 1178.5 1220.5 1264.3 1322.3 1276.4
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Tables I  and II, in which they have been compared with the 
values of Ramsay and Young. All determinations were 
carried out in duplicate and agreed within 1 mm.

The vapor pressures of the various special systems were

then measured. The data appear in Tables I I I  and VI, 
and have also been plotted in the form of pressure-tem- 
perature curves in the accompanying charts. All determi
nations were carried out in duplicate.

Note on the Hicks Method of Determining Potassium12
By R. C. W ells, R. K. B ailey, and J. G. Fairchild

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 f  t h e  I n t e r i o r , W a s h i n g t o n , D .  C .

T H E modified chloroplatinate method of determining 
potassium in salts and brines described by Hicks3 in 
1913 has been used since tha t time for rapid survey 

-work with generally satisfactory results. Occasionally, 
however, determinations on the same sample by different ana
lysts would differ considerably, especially with percentages of 
the order of 1 per cent and under. This led the writers to 
make many experiments on the effects of slight modifications 
■of procedure, the conclusions from which may be of general 
interest. I t  is unnecessary to repeat the full description of 
the method here. The purpose of this note is to emphasize 
certain precautions rather than to criticize the method.

The direction to wash with alcohol “of a t least 80 per cent 
strength” suggests that 95 per cent or even absolute alcohol 
may be used, and the writers made a good many determina
tions with alcohol of these strengths. Blank tests and check 
determinations with known mixtures, however, show tha t a 
small excess of platinum is generally obtained with the 
stronger alcohol, which may range from a few tenths of a 
milligram to 4.0 mg. according to the care used. This was 
in the presence of about 0.5 gram of pure sodium chloride as 
the principal salt.

In  most of the tests the filter papers were not drained by 
suction, but in other respects the Hicks procedure was care
fully followed. The results led to the conclusion tha t each 
analyst should without fail make blank tests with salts similar 
to his unknown mixtures , rather than rely too much on his 
ability to follow an outlined procedure. Working as uni
formly as possible, corrections based on blank tests have been 
made occasionally when the results seemed of sufficient 
importance. M any tests, however, led to the belief that it is 
unwise to count very strongly on the significance of the 
tenths of-, a milligram of platinum and the corresponding 
quantities of potassium. Geologists should also understand 
this and not attem pt to make fine distinctions between re
ported percentages of potassium in salt beds, brines, etc., when 
the method of analysis does not warrant it. This applies 
especially .to very small percentages. The relative magnifi
cation of errors th a t fall entirely on a minor constituent, as 
in this case, suggests th a t for strictly accurate results with 
small percentages of potassium the great excess of other salts 
should be remoyed before an estimation of potassium is 
attempted.

The persistent positive error referred-to above seems to be 
caused in part by the enclosure of some platinum compound 
in the sodium chloride. D ittm ar and M cArthur4 found a 
similar behavior with sodium sulfate.

The results are also affected, however, by the strength of 
the wash alcohol. Sufficient washing with alcohol of 80

1 Received M ay  10, 1924.
2 Published by. perm ission of th e  D irecto r, U . S . Geological Survey.
* T h i s  J o u r n a l ,  5 ,  6 5 0  ( 1 9 1 3 ) .

• * Traits. R o y .S o c . Edinburgh, 33^ 595-(1888). - -

per cent by weight will dissolve out several tenths of a gram 
of sodium chloride, and of course with it any enclosed excess 
of reagent. Further, although potassium chloroplatinate is 
almost insoluble in absolute alcohol, it becomes increasingly 
soluble in weaker alcohol. Thus, with weaker alcohol any 
positive error is both reduced and compensated by a nega
tive error. The extent of compensation, however, will de
pend on the proportions of the different salts, the volume of 
wash alcohol, and to an even greater extent on the “personal 
equation” of the analyst. According to the writers’ experi
ence 90 or 95 per cent alcohol should give better results with 
small percentages of potassium than either 80, per cent or 
absolute alcohol, but they feel that, in general, blank tests are 
a much better insurance against errors than reliance on defi
nite specifications.

The improvement resulting from a double evaporation with 
intervening decantation of the excess of reagent does not 
warrant the extra expenditure of time. Adding a t least 
5 cc. of hydrochloric acid before beginning the evaporation is 
recommended, however. Also, it  cannot be too strongly 
emphasized that the mixture of salts must be very thoroughly 
ground during the leaching with alcohol, and in washing 
chlorides out of the platinum a silver nitrate test should be 
required, as the platinum moss appears to retain a little 
chloride tenaciously.

In  Table I ar<i given some representative results that 
illustrate these tests.

T a b l e  I  

(Figures are in grams)
Theo-

C o n d i t i o n s  O F N aC l K C l P t re tical E rro r in
E xpt. E x p e r i m e n t  taken  taken  found P t  P t
13 W Absolute" alcohol 0 .5000 N one 0 .0009 N one + 0 .0 0 0 9
58W  5 cc. HC1, abso

lute alcohol,suc
tion 0.5000

33W Absolute alcohol 0 .5000 
16W Absolute alcohol 0 .2000 
31W 5 cc. HC1, abso

lu te  alcohol 0.5000
50F 5 cc. HC1, abso

lu te  alcohol 0.5000
56W 5 cc. HC1, abso

lu te  alcohol, suc
tion 0.5000

27B 95 per cent alcohol 0.5000
42F ■ 95 per cen t alcohol 0.2000 
33B 95 per cent alcohol 1.5000
55W 5 cc. HC1, SO per

c e n t  alcohol,
■ suction 0.5000
•57W Same as preced

ing 0 .5000
39aF 74 per cent alcohol 

(80 per cen t by 
: volume) 0.5000

41F 74 per cen t alcohol
(80 per cent by 
volume) 0 .5000

17.W 74 per cen t alcohol
(80 per cent' by 
volume) 0 .2000

36aF 67 per cent alcohol 0.5000 
24W  Two evaporations,

absolute alcohol 0.5000 
36W  Two evaporations. '"•

absolute alcohol 0 .5000 0 .0250 0 .0324 .0 .0 3 2 8  - 0 .0 0 0 4

N one * 
0 .0025 
0.0500

0.0004
0.0038
0.0676

N one
0.0033
0.0655,

+  0 .0004 
+  0 .0005 
+ 0 .0 0 2 1

0.0025 0.0037 0.0033 + 0 .0 0 0 4

0.0060 0.0080 0.0079 + 0 .0 0 0 1

o .o io o
0.0160
0.0450
0.0112

0.0131
0.0221
0.0609
0.0166

0.0131
0.0209
0.0589
0.0147

N one 
+ 0 .0 0 1 2  
+  0 .0020 
+  0 .0019

None 0.0002 N one + 0 .0 0 0 2

0.0100 0.0108 0.0131 - 0 .0 0 2 3

0.0140 0.0171 0.0183 - 0 .0 0 1 2

0.0350 0.0442 0.0458 - 0 .0 0 1 6

0.0500
0.0020

0.0662
0.0010,,

0 .0655
.0 ,0026

+  0 .0007 
-0 .0 0 1 6

0.0037 0 .005" 0.0043 + 0 .0 0 0 8
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A New Correction Tube for Gas Burets1
By F. 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 b l  H i l l , N .  C .

T HE usual variations in temperature and pressure that 
take place during the course of an analysis of a gas entail 
an excessive amount of calculation in order to prevent 

errors. To obviate these numerous calculations many of the 
commercial sets of standard laboratory design are fitted 
with compensating tubes of the Peterssen2 type attached 
to the measuring burets. All readings of volumes are thus 
rendered to a comparable basis, either to volumes under 
standard conditions of temperature and pressure (760 mm. 
pressure and 0° C.) or to readings that are compensated for 
any changes in temperature and pressure taking place during 
the course of the analysis.

The original correction tube of Hempel3 consisted of a cande- 
labra-shaped arrangement of three arms, too bulky to enclose 
any part of it in the water jacket with the buret used for 
measuring the gas. Peterssen’s tube2 is constructed so that 
the gas enclosed in the correction tube is at the same tem
perature as the gas being measured, but the construction of 

the manometer in this apparatus is 
such as to make it extend outside of 
the water jacket. I t  is under strain 
and easily broken. To build it so the 
manometer will be in the jacket would 
require a very large, unwieldy appa
ratus.

The author has used the Peterssen 
tube for a number of years and, aside 
from the foregoing objections, has 
found it a very useful and reliable 
adjunct to the measuring buret in gas 
analysis. Attempts to instruct stu
dents and assistants in the use of this 
apparatus have amplified its weak
nesses—that is, ease in breaking off 
the manometer, which is under strain, 
and the frequent recalibration due to 
breakage. This difficulty can be 
overcome by modifying the correction 
tube and manometer in such a man
ner tha t the entire apparatus can be 
enclosed in the water jacket hold
ing the gas buret, with all strains 
in the apparatus eliminated.

A p p a r a t u s

The compensating tube, A  (Fig. 1), has sealed into it, 
opening below, a tube, C, which serves as the manometer in 
place of the reverse U-shaped arrangement of Peterssen. 
Mercury in the well a t the bottom of the compensator A  
seals off the gas enclosed in it from the gas in communication 
with the buret. Changes in temperature and pressure cause 
the mercury in C to rise or fall when in communication with the 
gas in the measuring buret. Since this apparatus is submerged 
in the same water in the jacket as the measuring buret, H, 
no difference in temperature exists between the gas to be meas
ured and the gas enclosed in the compensator A. Compensa-

F ig . 1

1 Received Jan u a ry  28, 1924.
* Z . anal. Chcm., *5, 467 (18S6).
a H em pel-D ennis, “ M ethods of G as A nalysis,”  1902, p. 94. 

rniilan Co., New York.
T he M ac-

tions are made for the difference in pressure by forcing more 
or less gas into the part of the compensator in communication 
with the gas in the measuring buret by raising or lowering the 
level bulb on the measuring buret so tha t the level of the 
mercury meniscus reaches some point, F.

In  the same way as the Peterssen apparatus provides for 
excessive pressure or vacuum in the compensator, by care
lessly bringing the gas in the measuring buret in communi
cation with the compensator, two reservoirs, B  and B', are 
provided a t the top and bottom of the capillary, C. If 
these reservoirs are not provided, the adjustment of the 
mercury column might be thrown out by carelessness.

When the apparatus is to be used only for compensating 
changes in temperature and pressure which occur during the 
course of an analysis, the side arm, G, is unnecessary. To 
adjust under these conditions, an amount of air is forced 
into the space in tube A  through the mercury in the wall a t the 
bottom of C, sufficient to raise the level of the mercury in 
C to some etched mark on this capillary. The tube C should 
be made from tubing with marks etched upon it. I t  is usu
ally rather difficult to set a mercury meniscus accurately to- 
some predetermined etched mark, so by using a previously 
graduated tube, as suggested above, a mark to be selected and 
used for the compensating mark can be readily obtained 
without laboriously striving to bring it to a desired mark.

When readings are desired to read to volumes under stand
ard conditions, a small side arm is sealed onto the compen
sating tube A  to permit ready forcing of air into this chamber 
to bring the mercury level to the proper point, after the usual 
calculations for differences in temperature and pressures have 
been made according to the procedure used in adjusting and 
calibrating the Peterssen tube .'1

After the proper precautions and calculations have been 
made the side arm, G, is sealed off. I t  may be advisable to- 
seal a stopcock onto the side arm to permit the tube to be 
cleaned with greater ease, but the necessity of cleaning is 
never great if clean mercury is used and if care is exercised in 
manipulation to prevent any corrosive gases from entering the 
compensator. A stopcock on the side arm, however, detracts- 
from the adaptability of the compensator in that it prevents its- 
insertion in its entirety into the water jacket along with the 
measuring buret.

The volumes of B  and B ' depend largely upon the volume of 
the measuring buret to which it is to be attached. They 
must be of sufficient size to take care of the difference in ex
pansion or contraction tha t gases undergo during the use of the 
equipment, together with a small additional volume as a 
factor of safety so that readjustments and recalculations- 
due to careless manipulation of the compensator need not be 
so frequent. This is no different from the precautions 
called for in the use of the Peterssen apparatus.

This compensating device can be made in lengths suitable 
to the water jacket and measuring buret to be used with it. 
I t  simplicity, ease of manipulation and construction, compact
ness, flexibility, comparative ruggedness, and inexpensive
ness suggest its use, not only for laboratory gas analysis sets, 
but also for the portable field sets with but a minor change at 
the top of the measuring buret with which the present sets are- 
provided—i. e., sealing on a 2-way stopcook and attaching;

4 D ennis, "G as A nalysis,” 1913, p. 94. T he  M acm illan Co., New York..
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the compensating device at this point, using a slightly larger 
water jacket to enable inserting the compensator alongside 
the measuring tube.

The accuracy of the single column mercury meniscus used

in this apparatus is as great as tha t of the 2-level adjustment 
used on the Peterssen tube, and much more delicate and ac
curate than the wide 2-bulb Tutwiler modification of the 
Peterssen compensator.

Solubility of the Petroleum Hydrocarbons1
By C. F. Mabery

C a s e  S c h o o l  o v  A p p l i e d  S c i e n c e ,  C l e v e l a n d ,  O h i o

BESIDES the solubility of the petroleum hydrocarbons in 
one another, they are generally characterized by insolu
bility under different conditions in single solvents. 

I t  is only with variable mixtures of ether, in which, except 
the last residues of the asphaltic crudes, these hydrocarbons 
are all extremely soluble, and alcohol, in which they are a t 
most only slightly soluble, tha t efficient solvents may be 
made capable of a good separation of the homologs and iso
logs. A method of separation based on these differences 
in solubility was employed as described in an earlier 
paper on this subject.2 While the results then presented 
were sufficient to indicate wide variations in solubility, no a t
tempts were made in tha t work to show precisely these 
differences in the hydrocarbons separated.

In taking up the study of the Midcontinental oils—using 
this term in a broad sense to include Oklahoma, Wyoming, 
Illinois, and Ohio crudes—and other southern oils, it seemed 
desirable to ascertain with greater precision the extent to 
which this method may be relied on for the separation of the 
individual hydrocarbons. By reference to the paper cited it 
appears that, starting with a given quantity of oil, the sol
vent dissolves out first in successive portions all the series, 
graduated in solubility, and after a sufficient number of repe
titions the fractions show a similar graduation in physical 
properties. Then from this mixture of homologs and iso
logs, with the use of a properly graded solvent, the isologs, 
the lighter D-hydrocarbons, may be fractionated from the 
less soluble homologs, the Ii-hydrocarbons.

M e t h o d s

B

In making the saturated solutions care is necessary in 
limiting the amount of the oil, especially in the 100-50 sol
vent, for a large excess of the oil is liable to dissolve the ether 
away from the alcohol. On this account the solubility of the 
Cabin Creek Fraction D-7 in the 100-50 solvent could not be 
determined. This often happens in extractions with too rich 
a solvent. The addition of more alcohol attracts the ether 
from the oil so quickly that the stopper may be blown out of 
the bottle.

R e s u l t s

The results obtained by this method are recorded in the 
table, which includes fractions .of the oils described in the 
former paper together with those from an Oklahoma oil 
and from a Gulf Coast, Texas, oil. From the last two oils, a 
description of which has not been published, fractions were 
separated from distillates, —300° C. 30 mm., and from resi
dues of these distillates. As in the earlier paper, the numbers 
of the fractions are taken from the H  and D series, 
No. 1, the most soluble end, to No. 10 or 13, the least soluble 
end.

ven t, ether-alcohol

The solvent was tried in two forms— 
ether 50, alcohol 50; and ether 100, al
cohol 50, by volume; the former on frac
tions in the most soluble end, and the 
latter on the fractions of the least solu
ble end. For the manipulation of the 
solution two common test tubes with 
side tubes were used, as shown in the 
figure.

In the tube B, closed by a cork and 
rubber cap, a quantity of the oil with 
the solvent was allowed to stand at 2 0 ° 
C. for 2 hours, or until it settled clear 

after sufficient agitation. The tube A, also closed with a stop
per and cap, was weighed, cooled to the same temperature, a t
tached to the tube B  as shown, and after a portion of the solu
tion in tube B  was decanted into it, again closed with its cap 
and weighed. The cork and cap were then removed and this 
tube was heated in an air bath to 110 0 C. for the removal of the 
solvent and moisture (from the solvent), and the tube and oil 
weighed. By this means it was possible to prepare and weigh 
a saturated solution of the solvent without loss.

1 Received Ju ly  7, 1924.
1 M abery , T h i s  J o u r n a l , 15, 1233 (1923).

S o l u b i l i t y  o p  t h e  P e t r o l e u m  H y d r o c a r b o n s  
Com position of sol-

F r  action
C abin Creek (+ 3 0 0 °  C., 30 mm.)

R osenbury  ( +  300° C., 30 mm.) 

M ecca (+ 3 0 0 °  C ., 30 mm.)

S o lub ilty  
Per c en t

Sour Lake, Texas (-f-300° C., 
30 mm.)

R ussian  (+ 3 0 0 °  C ., 30 mm.) 

Oklahom a ( - 3 0 0 °  C ., 30 mm.) 

Oklahom a (+ 3 0 0 °  C ., 30 mm.)

G ulf C oast, Texas ( — 300° C., 
30 mm.)

Gulf Coast ( +  300° C ., 30 mm.)

H -2 50-50 4 .3 3
D-2 15.86
H-7 2 .1 9
D-7 4 .8 6
H-7 . 100-50 42 .53
D-7 9 .6 0  

(E th e r 
dissolved 
by  oil)

H -l 50-50 6 .1 0
D -l 19 .45
H-T> 4 .6 4
D-5 11.26
H-2 7 .2 5
D-2 9 .6 6
H-7 100-50 7 .5 8
D-7 13 .53

H - 2 50-50 7 .2 6
D-2 16.66
H -5 50-50 7 .27
D-5 22 .04
H-5 100-50 10.52
D-5 25 .62
H -l 50-50 12.55
D -l 17 .60
H-5 100-50 3 .2 5
D-5 6 .9 4
H-2 28 .27
D-2 35 .30
H-9 12.22
D-9 50-50

30 .39
H-2 8 .4 0
D-2 16.54
H-13 4 .7 2
D-13 6 .8 2
H-13 100-50 11.00
D-13 15.82

H-2 50-50 20 .24
D-2 29 .28
H-8 50-50 9 .8 3
D-8 15.54
H-2 9 .16
D-2 18.84
H-10 6 .5 2
D-10 12.20
H-13 100-50 4 .7 3
D-13 9.57
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Fluorine Determination in Nickel-Depositing Solutions1'2
By L. D . Ham m ond

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

INASMUCH as fluorides have recently been employed in 
nickel-depositing solutions,3 a method for the analysis of 
such solutions is desirable. In this paper a method is de

scribed by which fluorine can be determined in the presence 
of nickel sulfate, boric acid, and other usual constituents of 
nickel baths.

If the nickel is removed by electrolysis of the ammoniacal 
solution, and any precipitate of ferric hydroxide is filtered out, 
the filtrate will contain, chiefly as ammonium salts, fluoride, 
borate, sulfate, and possibly chloride. The problem there
fore involves the determination of the fluorine in such a solu
tion.

The precipitation and filtration of calcium fluoride, either 
directly,4 or together with calcium carbonate, 6 or with calcium 
oxalate,6 proved so slow as to be unsuitable for control 
analysis.

Attempts were made to apply a volumetric method7 in 
which, after the addition of sodium chloride, the fluoride is 
titrated with ferric chloride, forming a precipitate of sodium 
ferric fluoride (Na3FeF6). This method was inapplicable, 
because it was not found possible to regulate the pH of the 
solutions containing ammonium borate so tha t the solution was 
neither acid enough to dissolve the double fluoride nor 
alkaline enough to precipitate basic ferric compounds.

Methods based upon the evolution of volatile compounds of 
fluorine were not attempted, as they would probably not be 
adaptable for laboratory control work.

The method found most satisfactory is an adaptation of that 
proposed by Stark ,8 and subsequently confirmed by Adolph,9 
for the determination of fluorides in neutral solutions. This 
method depends upon the precipitation of lead chlorofluoride 
(PbFCl) by the addition of lead chloride solution. As this 
precipitate is appreciably soluble in pure water, it is washed 
with lead chloride solution, in which it is less soluble.

T a b l e  I — D e t e r m i n a t i o n  o f  F l u o r i n e

W e i g h t  o p  P b F C l 
C o m p o s i t i o n  o f  f r o m  10 Cc.

S o l u t i o n  Calcd. Found
E xp t. N a F K»BO» N iSOi G ram s G ram s

1 0 .2  N 0.5233 0 .5295
2 0 .2  N 0.5233 0.5297
3 0 .2  N 0.5233 0 .5290
4 0 .2  N 0.5233 0.5291
5 0 .2  N 0 .5  M 0 .5233 0 .5300
6 0 .2  N 0 .5  M 0 .5233 0.5301
7 0 .2  N 0 .5  M 2 N 0 .5233 0 .5253
S 0 .2  A7 0 .5  M 2 N 0 .5233 0 .5213

The sodium fluoride used in the following experiments was 
prepared from a C. P. salt which was free from sulfates, 
chlorides, and carbonates, but contained a small amount of 
calcium fluoride. This was removed by filtration and the 
solution was evaporated to dryness in a platinum dish. The 
product was powdered and kept in a platinum crucible within 
a desiccator.

Determinations of fluorine were made in solutions of this
1 Received Ju ly  11, 1924.
7 Published by perm ission of th e 'D irec to r, U . S. B ureau  of S tandards .
3 Blum, Trans. A m . Electrochem. Soc., 39, 459 (1921).
< Berzelius, Schw. J . t 16, 426 (1816).
* Rose, A n n .,  72, 343 (1S49).
8 S ta rk  an d  T horin , Z . anal. Chem., 5 1 ,  14 (1912).
T G uijo t, Compt. rend., 7 1 ,  274 (1870); Greeff, Bcr., 46, 2511 (1913).
8 Z . anorg. Chem., 7 0 ,  173 (1911) j
* J .  A m . Chem. Soc., 37, 2509 (1915).

salt, to which in some cases nickel sulfate and boric acid were- 
added. Such portions of the procedure as were required by 
the constituents present were employed. The results are 
shown in Table I.

From Table I  i t  is seen tha t the results are fairly reproduci
ble, but are usually somewhat high. I t  does not appear 
feasible to obtain by this method with reasonable precautions 
an accuracy greater than about 1 per cent of the amount pres
ent. This accuracy is, however, usually adequate for works 
control of nickel-plating solutions.

P r o c e d u r e

Application of this method to a nickel solution is as follows; 
(The method may require modification if unusual constituents 
are present.)

To a 25-cc. sample add 50 cc. of water and 25 cc. of am
monium hydroxide (specific gravity, 0.90), and remove the 
nickel by electrolysis in the usual way. Filter the solution 
into a 250-cc. graduated flask and wash the precipitate 
(chiefly ferric hydroxide) with hot water. Add a few drops of 
a 0.4 per cent aqueous solution of bromophenol blue,10 and 
neutralize the solution with nitric acid. Add enough nitric 
acid—e. g., 5 cc. of 5 N  HNO3—to make the solution approxi
mately 0.1 N  in nitric acid. In  order to precipitate the sul
fate as PbS04, add a slight excess of a lead nitrate solution 
(2  N), the volume of which may be calculated approximately 
from the nickel content if no other sulfates are present. , The 
lead sulfate must be precipitated in an acid solution in order to 
avoid co-precipitation of lead fluoride or chlorofluoride, 
The solubility of lead sulfate in 100 cc. of 0.1 N  nitric acid is 
about 11 mg. Some of this is probably precipitated subse
quently with the chlorofluoride, which may account for the 
high results.

Dilute the solution to the 250-cc. mark, mix well, and pour 
a t once into a Pyrex beaker, which is less attacked by the free 
hydrofluoric acid than is ordinary glassware. Filter the solu
tion without washing the precipitate,'and use 100-cc. portions 
of the filtrate for duplicate analyses. To each 100-cc. por
tion add about 2 cc. of N  sodium chloride solution, to insure 
that any precipitate formed during the neutralization will be 
lead chlorofluoride and not lead fluoride. Add a few drops of 
bromophenol blue, neutralize most of the excess acid with 5 N  
sodium hydroxide, and finally add gradually 0.1 N  sodium 
hydroxide until a fresh drop of the indicator assumes a deep 
blue color when it enters the solution. This shows that the pH 
is greater than 4.6. To make sure th a t the solution is not 
sufficiently alkaline to precipitate lead hydroxide, add a drop 
of a 0.4 per cent solution of bromocresol purple, which should 
turn yellow, showing that the pH is less than 5.4.

During the neutralization some lead chlorofluoride may 
separate. To precipitate it completely, add 300 cc. of a 
saturated solution (0.08 N) of lead chloride and allow to stand 
overnight. Filter through a weighed Gooch crucible, wash 
by decantation with a half-saturated (0.04 N) solution of lead 
chloride, and finally with about 20 cc. of cold water. Dry 
at 150° C. for 2 hours, cool, and weigh.

The factor for computing from PbFCl to N aF is 0.161. 
The weight of PbFCl from a 10-cc. sample—i. e., 100 cc. of the 
250 cc. of solution prepared from a 25-cc. sample—multiplied

10 C lark, " T h e  D eterm ina tion  of H ydrogen Io n s ,"  2nd ed., 1922, p .  80.
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by the factor 0.382 gives the fluoride normality in the original 
sample.

In  those cases in which the volume of the lead sulfate pre
cipitate in the 250-cc. flask is appreciable, an appropriate cor
rection should be made. This may be roughly calculated, as 
the volume of the lead sulfate (specific gravity 6 .2 ) is about 
0.024 cc. for each cubic centimeter of normal sulfate solution 
originally present. In  Expts. 7 and 8  (Table I), with

25 cc. of a 2 N  nickel sulfate solution, this is equivalent to 
2 x  25 X 0.024 =  1.2 cc. of PbSO*—i. e., 0.5 per cent of the 
250 cc. The results given for these experiments include de
ductions of 0.5 per cent (0.0025 gram) based on this correction.

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

Acknowledgment is due to William Blum, under whose 
direction this work was conducted.

Variation of Stress-Strain Properties of Nitrocellulose- 
Camphor Mix with Its Composition1,2

B y P aul H eym ans and George Calingaert

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

IT  IS of interest for photoelastic work to be able to obtain 
' celluloids of any specified-elastic properties.3 I t  is well 
known that the physical properties of celluloid vary with 

its composition. Nishida4 has studied the comparative 
elastic properties of celluloids made with cellulose of different 
origins. As the various materials which he examined did not 
have as sole variable the origin of the cellulose, his results do 
not allow a reliable interpretation. Nishida states, as a gen
eral qualitative condition, that the physical properties of cellu
loid are much affected by the several operations during the 
manufacturing processes, and especially depend upon the 
nature and properties of the loading materials.

.OOf .006
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0/2 .0 /6  .020 .024 .028 .032

T e s t s  o n  C e l l u l o i d s  o f  V a r y i n g  C o m p o s i t i o n

From preliminary tests it appeared that homogeneous cel
luloid of different chemical compositions could be obtained

1 Presen ted  before th e  Division of Cellulose C hem istry  a t  th e  67th  M eet
ing of the  A m erican Chem ical Society, W ashington, D . C ., A pril 21 to  26, 
1924.

* This work was undertaken  by  th e  P ho toe las tic  L abora to ry  of th e  
M assachusetts In s titu te  of Technology a t  th e  request of the  R esearch  L abo
ra to ry  of th e  G eneral E lectric  C om pany.

* H eym ans, A m . M eeh. Eng., 44, 513 (1922).
* T h is  J o u r n a l , 8, 1099 (1916).

only by varying its composition when manufactured. Dif
ferent samples of celluloid were prepared, care being taken to 
use raw materials of the same origin and to put them through 
the sa,me manufacturing processes, varying the content in 
camphor and adding ester gum in one case.

The stress-stràm curves were determined on specimens of 
rectangular cross section measuring 1 inch by 0.25 inch, and 4 
inches in gage length.

The results, together with the relative content of camphor 
and ester gum, are summarized in Table I and Figs. 1 and 2 .

The elastic limit was taken at the point where the stress- 
strain curve departs from a straight line. A more accurate 
definition of the elastic limit, such as a given increment of the 
elongation per unit of charge, could not be made on account of 
the plasticity of the materials. Single variations of the elon
gation differed appreciably, while the mean slope of the stress- 
strain curve was still constant.

T a b l e  I

Sam ple
A
B
C
D
E

C am phor 
Per cent 

9 .5  
8.8 

17.8 
24 .2  
38 .6

E ste r gum  
P er cent 

0
7 .2
0
0
0

Y oung’s m odu
lus of elas

tic ity  
L b s ./sq . in.

350.000
337.000
357.000
308.000
254.000

E lastic  lim it 
L b s ./sq . in. 

2450 
2025 
2425 
1875 
1525

/70.4 
sjjrsnc u/r/r

jfowzvs wtzasT/azr 
rs

AO/earr cmwat

Although the elastic limits should, therefore, not be con
sidered too accurate, the moduli of elasticity are more reliable, 
since for a given stress-strain curve a slight displacement of 
the elastic limit will affect the value of the modulus much less.

Comparing Samples 
A  and B, in which the 
ratio of camphor to ni
trocellulose is the same, 
the only difference be
ing the addition of ester & ^

Igum, it is seen that 
ester gum lowers the ? ¿ax - 
elastic limit and the 
modulus of elasticity. /
Samples A , C, D, and §
E  constitute a series in 
which the percentage of 
camphor varies from 
9.5 to 38.6. Fig. 2 shows the effect of the camphor con
tent on the elastic limit and the modulus of elasticity. I t  
is seen that the modulus of elasticity does not vary constantly 
with the percentage of camphor. A maximum is reached at

/e A ¿ 0  j o  W  
/atáyrr canwor



T a b l e  I I — S t r e s s - S t r a i n  P r o p e r t i e s  o f  C e l l u l o i d  S a m p l e s  A  t o  E
(Gage length  4 inches; cross section 1 X V * inch. 5 , s tra in  in pounds per square  inch ; F., elongation in inchcs per inch)
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5 E 5 E 5
106.5 0 81 0 116
213 0.00027 161 0.00027 232
320 0.00053 242 0.00045 348
426 0.00086 322 0.00071 463
532 0.00115 403 0.00095 579
638 0.00143 484 0.00118 695
745 0.00171 575 0.00142 811
873 0.00209 646 0.00164 926
957 0.00236 727 0.00188 1040

1064 0.00267 807 0.00216 1158
1170 0.00294 888 0.00240 1273
1278 0.00327 968 0.00261 1390
1384 0.00362 1050 0.00285 1506
1490 0.00393 1130 0.00308 1620
1598 0.00427 1210 0.00335 1738
1704 0.00459 1290 0.00362 1853
1810 0.00492 1372 0.00384 1970
1917 0.C0527 1452 0.00411 2083
2020 0.00561 1533 0.00438 2200
2130 0.00598 1613 0.00468 2320
2235 0.00635 1695 0.00495 2430
2340 0 .00672 1773 0.00519 2550
2450 0 .00738 1855 0.00545 2665
2560 0 .00749 1936 0.00573 2780
2660 0.00784 2020 0.00601 2895
2770 0.00831 2100 0.00628 3010
2875 0.00868 2180 0.00656 3125
2980 0.00910 2260 0.00681 3245
3085 0.00953 2340 0.00704 3360
3195 0.00997 2420 0.00745 3475
3300 0.01043 2500 0.00772 3590
3410 0.01085 2580 0.00S01 3710
3510 0.01130 2660 0.00831 3820
3620 0.01186 2740 0.00867 3940
3725 0.01234 2823 0 .00893 4050
3835 0.01295 2905 0.00928 4170
3940 0.01349 2985 0.00962 4280
4045 0.01394 3065 0 .00993 4400
4150 0 .01457 3145 0.01020 4520
4260 0 .01539 3225 0.01040 4630

3310 0.01088
3390 0.01120
3470 0.01150
3550 0.01187
3630 0.01225
3710 0.01261
3790 0.01300
3875 0.01340
3950 0.01383
4030 0.01433

about 18 per cent of camphor. Below and above this content 
the modulus decreases again, but faster on one side than on 
the other.

PER CENT COMBINED SULPHUR
F i g .  3 — T e n s i l e  S t r e n g t h  or V u l c a n i z e d  R u b b e r

E, S E 5 E
0 988 0 76 .1 0

0.00025 • 198 0.00031 152 0.000279
0.00057 296 0.00060 228 0.000587
0.00089 395 0.00090 304 0.000883
0 .00119 494 0.00120 381 0.001180
0.00151 593 0.00150 457 0.001467
0.00185 692 0.00180 533 0.001745
0.00219 790 0.00220 609 0.002060
0.00250 889 0 .00250 685 0.002370
0.00273 988 0.00280 762 0.002655
0.00319 1087 0.00320 837 0.002960
0.00353 1186 0.00350 914 0.003070
0.00388 1284 0.00390 989 0.003611
0.00424 1382 0.00420 1065 0.003910
0.00460 1481 0.00460 1140 0.004240
0.00495 1580 0 .00500 1216 0.004620
0.00530 1679 0.00535 1294 0.004940
0.00567 1778 0 .00580 1368 * 0.005240
0.00604 1876 0 .00610 1445 0.005580
0.00642 1995 0.00670 1521 0.005940
0.00683 2075 0.00700 1598 0.006275
0.00734 2173 0.00750 1675 0.006620
0.00772 2271 0.00790 1750 0.006980
0.00815 2370 0 .0084 1827 0.007370
O.OOS55 2470 0.0089 1900 0.007800
0.00900 2570 0 .0093 1978 0.008000
0.00946 2660 0.009.8 2055 0.008670
0.00995 2763 0 .0102 2130 0.009160
0.01044 2660 0 .0107 2205 0.009480
0.01107 2960 0 .0113 2280 0.010050
0.01158 3060 0 .0118 2360 0.010530
0.01221 3160 0 .0125 2435 0.01100
0.01270 3260 0 .0132 2510 0.01161
0.01340 3360 0 .0140 2585 0.01224
0.01400 3455 0.0147 2665 0.01295
0.01478 3555 0.0156
0.01539
0.01018
0.0169o
0.01850

D i s c u s s i o n

The existence of a maximum in the modulus of elasticity 
and the elastic limit when the content of camphor is varied 
is comparable with similar observations well known by the 
rubber industry. A curve is given in Fig. 3, where the ten
sile strength of vulcanized rubber is plotted against the per
centage of combined sulfur.6

In  rubber, as in celluloid, if the resultant material were a 
simple mixture, its physical properties would be expected to 
vary proportionally with its composition. In the case of 
rubber, it seems to be well agreed a t present tha t a chemical 
reaction takes place between the rubber hydrocarbon and the 
sulfur, which accounts for the maximum tensile strength at a 
definite percentage of combined sulfur.

In  the case of celluloid, very little investigation has been 
made concerning the nature of the nitrocellulose-camphor 
mix. The present work, therefore, suggests tha t there is at 
least an indication of something more complicated existing in 
such a mix than a simple solution of two miscible constituents. 
I t  also shows tha t the use of physical tests can be of great 
help in investigating the chemical constitution of celluloid.

Regarding the more practical purpose of forecasting the 
elastic properties of celluloid, the curves in Fig. 2 are smooth 
enough to allow interpolation with a fair degree of accuracy. 
I t  will be possible, therefore, using the same nitrocellulose and 
the same process, to make celluloid of any desired elastic 
properties between the limits given for Samples A  to E, the 
concentrations in camphor used here being about the per
missible limit, without obtaining a product tha t is either 
brittle or plastic. I t  can be expected that, the elastic prop
erties of any given sample of celluloid being determined, 
their variation with the percentage of camphor can also be 
predicted from the foregoing data.

The authors wish to thank the Research Department of 
E. I. du Pont de Nemours and Company for cooperation in 
making up the samples used in this investigation.

5 W hitby , "P la n ta tio n  R u b b er an d  T esting  of R u b b er,”  p. 316.
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Preparation of a Basic Arsenate of Lead of Definite 
Composition1

By L. R. Streeter and R. W. Thatcher

N e w  Y o r k  S t a t e  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n , G e n e v a , N .  Y .

IN PREPARATION for 
some further studies of 
the i n s e c t i c i d a l  a n d  

fungicidal effects of various 
mixtures of lead arsenate 
with other spray-forming 
materials, the writers de
sired to prepare stocks of the 
different arsenates of lead in 
pure form and of known 
composition. No difficulty
was experienced in securing a satisfactory supply of the acid 
arsenate (PbHAsOi), but attempts to produce a basic arsenate 
of lead by the different methods which had been suggested by 
Robinson and T artar2 or McDonnell and Smith3 failed to give 
a product which had a uniform composition from different suc
cessive trials, even when repeated under as nearly uniform 
conditions as could be obtained in this laboratory. None of 
the possible conditions or processes for the action of ammonia 
on di-lead arsenate gave a product sufficiently uniform in com
position and properties to be satisfactory for these investiga
tions.

Recourse was finally taken to the lead subacetate method. 
A product of satisfactory physical form, which showed 
identical composition by each of several preparations, was ob
tained. I t  is believed, therefore, that this offers a method for 
the preparation of a basic arsenate of lead of definite and uni
form composition the usefulness of which, for studies of re
actions of this compound with other spray-forming materials, 
justifies its publication in this paper.

As early as 1910, Thatcher found tha t an arsenate of lead 
having a very high ratio of lead to arsenic could be produced 
by mixing solutions of sodium hydrogen arsenate and lead 
subacetate. I t  was planned a t that time to test out the 
physical, chemical, and insecticidal properties of this form of 
lead arsenate, but a change in professional engagements in
terrupted the work and no opportunity was found to resume it 
until the present studies were inaugurated early in 1923. 
In the meantime, other workers had apparently discovered 
this method of producing a basic arsenate of lead, since 
Cook and M clndoo ,4 in a bulletin issued after the present work 
of the writers was well under way, state that “basic lead 
arsenate may be prepared as follows: Produce basic lead 
acetate * * *. Then, mix it with arsenic acid, thus forming 
basic lead arsenate.” However, no literature reference to the 
details of this procedure or to the kind of product obtained 
from this reaction has been found.

P r o c e d u r e

A dilute solution of lead subacetate was prepared accord
ing to the method used in sugarhouse laboratories, as out
lined by Spencer,6 which is briefly as follows:

1 P resented  before th e  D ivision of A gricultural and  Food C hem istry  a t  
the 67th M eeting  of the  A m erican Chem ical Society, W ashington, D . C ., 
April 21  to  2 0 , 1 9 2 4 .

2 Oregon Agr. Kxpt. S ta ., Bull. 128 ( 1 9 1 5 ) .
'  J . A m . Chem. Soc., 38, 2 0 2 7  and  2 3 6 6  ( 1 9 1 6 ) ;  39, 9 3 7  ( 1 9 1 7 ) .

* U. S. Dept. A gr., Bull. 1147 ( 1 9 2 3 ) .
1 ‘‘A H andbook  for Chem ists of B eet Sugar Houses and  Seed C ultu re  

Farm s,”  1897. John  W iley & Sons, Inc.

A  basic arsenate of lead hailing the composition indicated by the 
form ula P b t{PbO H )(A sO t)i can be prepared by the reaction between 
lead subacetate and disodium arsenate in theoretical amounts.

In practice, in order to secure a product of satisfactory physical 
properties, it is desirable to use a slight excess of the arsenate, 
which invariably results in the conversion of a small proportion of the 
basic arsenate of lead into the normal orthoarsenate, the amount of the 
change depending upon the excess of disodium arsenate used and the 
time it is left in contact with the precipitate before filtering.

H eat nearly to boiling, for 
about one-lialf hour, 430 
grams of neutral acetate of 
lead, 130 grams of litharge, 
and 1000 cc. of water. Cool, 
settle, and decant the clear 
solution.

To 100 cc. of this solution, 
diluted with 1500 cc. of 
water, a solution of diso
dium arsenate was added in 
slight excess, the mixture 

being kept at ordinary room temperature. The precipitate 
was washed several times with water, by décantation after 
centrifuging, until free from soluble ions.

R e s u l t s

Several lots were made by this process on various occasions, 
with no special care to keep the conditions exactly uniform— 
in fact, at least one preparation was made with quite differ
ent concentrations of solutions than were used in other cases. 
The precipitates obtained were uniformly satisfactory in physi
cal properties and, when filtered off, dried, and analyzed, 
showed uniform composition within the limits of experimental 
error. Five lots showed the following composition of the dry 
material:

Sample
1
2
3
4
5

Lead oxide 
Per cent 

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

Theoretical for Pbi(PbO H ) (AsO«)i

Arsenic oxide 
P er cent

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

R atio  PbO  
to  AsîO*

3 . 1 5 5
3 . 1 5 6  
3 . 1 6 6  
3 . 1 7 0  
3 . 1 6 1

3 . 2 3 9

These figures indicate tha t the product obtained by this 
procedure apparently does not contain quite so high a ratio of 
lead to arsenic as would the theoretical monohydroxy lead ar
senate of the formula PbjPbOH(AsO()3. This formula is 
the simplest one and requires the lowest ratio of PbO to 
As2Os of any that can be assigned to a monomolecular basic 
arsenate of lead, as shown by the following formulas:

P bi(P bO H )i (AsO,)<

p\  lA s O ,
P b \

P bO H —  >AsOi

Pb.(A sO.)2 Pbi(PbOI-I) (AsOOa

Pb
Pb.

\* .sO <

P b < .
z -A sO *

P b ^

R atio  PbO  to  AsîOs 2 . 9 1 1

P b :

\ :AsO«

PbO H —  >AsO<
P b ;

p b /

Pb

3 . 2 3 9

\ a s O i

P b O H — y A sO i

Pb\
V h ^

3 . 3 9 7

:AsOi

R e a s o n s  f o r  F a i l u r e  t o  P r o d u c e  T h e o r e t i c a l  R e s u l t s

Two possible explanations for the apparent failure of this 
product to conform in composition to the simplest theoretical 
composition of basic arsenate of lead suggested themselves. 
One is that the methods of determination of lead and arsenic 
available for the analysis of this kind of products do not give 
exactly true values, as has been claimed by some investiga
tors. The other is that the product itself, instead of being a 
definite compound, is actually a “solid solution” of neutral
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and basic arsenates of lead, as suggested by McDonnell and 
Smith.

To clear up this point, the products were submitted to the 
action of ammonia under varying conditions in order to de
termine whether either a basic arsenate of a higher ratio of 
lead to arsenic or one that would be uniform in composition 
and would have a ratio of lead to arsenic to correspond to one 
of the theoretical simple formulas could be obtained in this 
way. Several typical results, selected from a considerably 
larger number of experiments, are shown in Table I, the re
sults being the average of closely agreeing duplicate or tripli
cate determinations in each case.

T a b l e  I — E f f e c t  o p  A c t i o n  o f  A m m o n i a  u n d e r  V a r y i n g  C o n d i t i o n s  
u p o n  B a s i c  A r s e n a t e  o p  L e a d

C o m p o s i t i o n  o f  P r o d u c t
Ammo Changes R atio

P rep a ra  W ater nia (1 0 %) Tim e of of am  PbO AsjOs PbO  to
tion Cc. Cc. heating monia % % AS2O4

A 500 (2 5 3 hrs. 1 75 .75 23.15 3.276si 1 1 0 3 hrs. 1 75.97 23.03 3.299
f50 3 hrs. 1 75 .18 23.27 3.231

25 24 hrs. 1 75.11 23 .30 3.224
B 500 •< 25 3 days 1 75.61 23.18 3.262

25 7 days 1 75.58 22.98 3.2S9
125 14 days M any 76 .23 22.67 3.362

( 500 25 5 hrs. 2 75 .64 23.07 3.278
C ■I 2000 100 3 hrs. 1 75 .54 23.38. 3.231

( 500 25 8  hrs. 3 75.46 23 .16 3.258
A— 50 gram s freshly p recip ita ted  paste ; heated  to  80 °-8 5 °  C.
B— 25 gram s d ry  solid, Sam ple 5; heated  to  8 0°-85° C.
C— 50 gram s freshly prec ip ita ted  paste, Sam ple 4; heated  to  boiling.

These data clearly indicate that the failure of the original 
products to show a composition which approximates the 
theoretical for monohydroxv arsenate is not due to faulty 
analytical methods. The same products, after boiling with 
ammonia, invariably gave higher percentages of PbO and 
lower percentages of AsjOs, with the alterations in these 
percentages in the direction and of the magnitude which 
would be required by a progressive extraction of the arsenate 
radical and change of lead to basic (PbOH) groups in the 
compound. Hence, it is concluded that a chemical change 
in the products toward the theoretical composition of more 
basic arsenates was produced by the action of ammonia on 
them.

On the other hand, the data fail to indicate any possibility 
of securing in this way a definite compound agreeing with any 
simple theoretical formula for a basic orthoarsenate of lead. 
I t  will be seen that in most cases, after heating with ammonia 
for a few hours, the ratio of PbO to As2Os in the products 
exceeds tha t required by the formula Pbi(PbOH)(AsOj)3; 
but that, even after 2 weeks’ heating on a boiling water bath, 
with frequent changes of ammonia to insure the constant 
presence of a considerable excess of the reagent, the product 
did not reach the basic composition represented by the 
formula PbsCPbOH^CAsO^. Hence it appears that, while 
McDonnell and Smith’s statement concerning “solid solutions” 
may be true, their further statements that the reaction will 
reach an equilibrium with the formation of a definite basic 
arsenate is certainly not true, and that it is hopeless to attem pt 
to secure a definite basic arsenate of, lead by the action of 
ammonia on acid lead arsenate.

Later, the other possible explanation of the failure of our 
products to conform exactly to the theoretical composition 
on monohydroxy lead arsenate was investigated. I t  seemed 
likely that, since disodium arsenate (HNaoAsO-i) contains 
replaceable hydrogen and is therefore an acid salt, the excess 
of this salt in the mixtures might react with the basic lead 
arsenate, producing an equivalent amount of neutral lead 
arsenate and thereby lowering the ratio of PbO to As2Os in the 
precipitated material. I t  had previously been found not 
feasible to carry on the reaction with an excess of the subace
tate of lead, since under these conditions the precipitated 
lead arsenate is more or less colloidal in character, and it is 
impossible to filter and'wash it satisfactorily for the purpose

of securing the kind of pure materials desired for this work. 
I t  is necessary to carry on the reaction with a slight excess of 
disodium arsenate in order to get a rapid-settling, easily 
washable material, and there is, therefore, the possibility 
that this excess may react with the basic arsenate of lead as 
previously indicated.

A series of tests of this reaction was therefore carried out, 
using varying excessive amounts of disodium arsenate for 
the precipitation in some cases and in others allowing the 
precipitated basic arsenate of lead to stand for longer periods 
of time in contact with the mother liquor containing the ex
cess of disodium arsenate. The resulting precipitates were 
filtered, washed, dried, and analyzed as before, except that 
in this case the combined wrater was determined by loss on 
ignition, in order to secure a check upon the accuracy of the 
other determinations. The results of some of these tests are 
shown in Table II.

T a b l e  II— E f f e c t  o f  A c t i o n  o f  E x c e s s  o f  D i s o d i u m  A r s e n a t e  u p o n  
B a s i c  A r s e n a t e  o f  L e a d

T est PbO

— C O M PO Sl 

AsiOs

:t i o n  o p  
Com 
bined 
w ater

P r o d u c t *

T otal
R atio  
PbO  to

No. C o n d i t i o n s % % % % AsîOj
6 A Considerable excess 

arsena te , filtered 
im m ediately 74.64 24 .32 0 .70 99 .72 3.070

6  B Sam e as 6.4, b u t 
stood in m other 
liquor 3 hours 73 .93 25 .10 0 .77 99 .80 2.945

11A Slight excess arsen
ate , filtered im 
m ediately 75 .08 24.07 0 .S5 1 0 0 . 0 0 3.116

1 1 B Sam e as 11A, b u t 
stood in m other 
liquor 3 hours 75 .03 24 .30 0 . 8 6 100.19 3.087

1 0 / 1 V ery slight excess 
arsena te , filtered 
im m ediately 75 .20 23 .94 0 . 8 S 1 0 0 . 0 2 3.141

105 Sam e as 10/1, b u t 
stood in m other 
liquor 3 hours 75.14 24 .18 0 .9 5 100.27 3.107

These results clearly show tha t an excess of disodium 
arsenate reacts with precipitated monohydroxy lead arsenate, 
converting it into neutral lead arsenate. In Test 6B 
sufficient excess of the disodium arsenate was present and 
sufficient time elapsed for the reaction to go nearly to the 
point of complete transformation of the basic arsenate of 
lead into the neutral form (ratio PbO to AsiOs equals 2.911).

C o n c l u sio n

I t  seems to be clear, therefore, th a t the reaction between 
lead subacetate and disodium arsenate in theoretical propor
tions undoubtedly produces monohydroxy lead arsenate. 
But since the precipitate is more or less colloidal in form and 
difficult to free from impurities unless a slight excess of the 
disodium arsenate is used, in actual practice there will always 
be a slight admixture of the neutral arsenate of lead with the 
monohydroxy lead arsenate, the amount of this being de
termined by the quantity of excess of disodium and the time 
of contact of this excess w ith  the original precipitate. The 
wTiters have shown, however, that, working under feasible 
laboratory conditions, it is possible to secure a product which 
is uniform in composition in successive preparations, of fine 
physical properties, and generally satisfactory for chemical 
and insecticidal studies in which a basic arsenate of lead is 
desired.

G as E ngineering C hair a t  H opkins
The establishm ent of a  chair of gas engineering at Johns 

H opkins U niversity by the Southern Gas Association has re
cently been announced by W . H. Taylor, vice president of the 
Georgia Railway and Power Company, A tlanta, Ga., and presi
dent of the Southern Gas Association, which is financing the 
project. P lans for the course have been worked out by a special 
com m ittee under Edward L. Rielia, gas engineer of Baltimore, 
and approved by the Johns Hopkins authorities.
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Examination of Liquid Glue1
By Donald K. Tressler

THE quality of the 
various brands and 
grades of liquid glue 

on the m a rk e t  v a r ie s  
greatly. The best liquid 
glues possess strength and 
all-round qualities equal to 
those of a good grade of hide 
glue. Some liquid glues 
which are sold a t approxi
mately the same price are of 
little value save when used 
as size or mucilage. An expert accustomed to handling large 
quantities of liquid glue may find defects by merely making 
a superficial examination, but a careful chemical and 
physical examination is required to estimate accurately the 
value of any glue, either solid or liquid.

P r o p e r t ie s  C o n t r o l l in g  Q u a l it y  o f  L iq u id  G l u e

The properties desired in a liquid glue depend upon the 
use to which it is put. Glue suitable for joining work is 
considered the best type of liquid glue for general use. There
fore, the discussion of properties will be interpreted from the 
viewpoint of the joiner. If the general properties of a liquid 
glue are determined, the uses to which it is suited may readily 
be seen.

Liquid glues used for joining work should possess a high 
tensile and shearing strength under all ordinary weather con
ditions. Properties controlling strength include hygroscopic- 
ity, chemical composition, viscosity, and permanence. The 
gel point determines the viscosity and flow at low temperature. 
If a liquid glue is to be used in cool rooms, its gel point must be 
relatively low. The color and opacity of the liquid glue 
affect the appearance of the joint. Clear glues appear darker 
on wood than opaque glues provided the opacity is not 
caused by dark-colored pigments—viz., blues, blacks, or 
browrns.

D e t e r m in a t io n  of  V is c o s it y  a n d  F lo w

The terms “viscosity” and “ flowT” as ordinarily used are 
nearly synonymous. By a good flowr is usually meant a low 
viscosity. Certain other factors influence the flow of glue, 
the chief of these being the amount of suspended m atter 
present, which causes uneven flow. A semigelatinous con
dition also causes a poor, uneven flow. Thus, a liquid glue 
may have an excellent flow a t 30° C., but its flow may be ir
regular at 15° C. Therefore, we may consider the flow of a 
liquid glue as dependent upon the viscosity, the gel point, 
and the number and size of suspended particles contained in it.

The viscosity of liquid glues is dependent upon the tem
perature, concentration, and chemical composition. The 
higher the temperature, the lower the viscosity becomes. 
As the concentration of dry glue in the solution becomes 
greater, the viscosity of the glue increases. In general, the 
greater the average molecular weight of the gelatins, gela- 
toses, gelatones, and peptides, the higher the viscosity of the 
liquid glue. The presence of foreign substances in the liquid

1 P resented  before th e  D ivision of L ea th e r an d  G elatin  C hem istry  a t  
the 67th M eeting  of th e  A m erican Chem ical Society, W ashington, D . C ., 
April 21 to  26, 1924.

glue alters the viscosity. 
Certain substances, such as 
some nitrates, chlorides, and 
salicylates, lower the vis
cosity of the liquid glues; 
while others, such as borates 
and some fluorides, increase 
the viscosity of the solution. 
The presence of these foreign 
substances in the solution 
also affects the gel point 
of the glue, and therefore 

alters the flow- of the glue, because of the change in viscosity 
and gel point.

The viscosity of most liquid glues is easily determined in a 
Stormer viscometer a t ordinary temperatures. At elevated 
temperatures a MacMichael instrument will give more ac
curate results than can be obtained with the Stormer instru
ment. The ordinary Stormer viscometer is equipped with a 
100-gram w'eight. This weight is too light for use in deter
mining the viscosity of most liquid glues a t temperatures be
low 25° C. A 500-gram weight may be used in place of the 
lighter capsule for the more viscous liquid glues.

A viscosity determination is of no value unless the tempera
ture at which the determination is made is noted. Viscosity 
determinations are of most value when the viscosity of a given 
glue is determined at two or more temperatures. For in
stance, let us suppose that the viscosity of a liquid glue a t 25 ° C. 
is 50 revolutions per minute in a Stormer viscometer equipped 
with a 500-gram weight. This is a relatively low viscosity. 
But if the viscosity of this same glue is determined at 15° C. 
in the same machine and found to be 5 revolutions per minute, 
which is a high viscosity, we can draw the following conclu
sions: Since its viscosity increases so rapidly with decreas
ing temperatures and since it becomes so viscous at 15° C., 
its gel point is slightly below 15° C. (probably about 13° C.). 
Its  low viscosity and high gel point indicate that it has a 
relatively high water content; therefore a large amount of 
it would have to be applied in gluing joints.

If the viscosity of a glue from 5° to 50° C. is plotted against 
the temperature on coordinate paper, the curve obtained is 
of considerable value. I t  gives much information as to the 
flow of the glue a t various temperatures, the concentration 
of the glue solution, and the presence of gel-inhibiting sub
stances. Moreover, the gel point of the glue is accurately 
indicated by the point at which the viscosity reaches “in
finity.”

A sh C o n t e n t  a n d  C o m p o sit io n  o f  t h e  A sh

I t  is very difficult to obtain glue ash free from carbon with
out volatilizing some chlorides and other easily volatilized 
inorganic substances. For this reason the simple ignition of a 
w-eighed sample of glue does not give a true sample of ash.

The samples used in the determination of solid m atter may 
be used for the ash determinations. They should be mois
tened with standard calcium acetate solution according to 
the method adopted by the Association of Official Agricul
tural Chemists.2 After drying on a water bath the samples 
should be ignited, gently at first and then more vigorously,

i Bur. Chemistry, Bull. 107, 21 (1907).

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

Inasmuch as the various brands of liquid glue vary widely in 
their properties, standard tests fo r the grading of these glues should 
be adopted. Permanence, adhesiveness, and hygroscopicity are 
properties of first importance in glues to be used for jo in ing wood. 
The breaking of jo in ts  at various conditions of temperature and 
hum idity gives an accurate measure of the hygroscopicity and 
strength of a  glue. Determinations of adhesiveness (strength) are 
of little value unless the temperature and hum idity at which the jo in ts  
were dried arc known. The permanence of a liquid glue may be 
determined by storing a sample at 37 .5° C. for a short period.
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until all the carbon is burned. The addition of the calcium 
acetate prevents the fusion of the ash and thus permits com
plete ashing. The weight of the ash must be corrected for 
lime and carbon dioxide.

Aside from indicating the presence of inorganic materials 
in the glue, the total ash content is of little value as an index of 
the quality of the liquid glue. An examination of the ash is 
of much more value to the chemist. The presence of large 
amounts of chlorides in the ash indicates tha t the glue is 
hygroscopic because of the presence of hygroscopic chlorides. 
Calcium and magnesium chlorides absorb moisture rapidly; 
sodium and potassium chlorides are much less hygroscopic 
yet even their presence weakens glues in damp weather. 
The chloride content of liquid glue is considered of such im
portance by some fish glue manufacturers that a chloride 
determination is made on the ash of a sample of each batch 
of glue. The fish glues are then graded according to the per
centage of chlorides that they contain. The best fish glues 
should not contain more than 0.02 per cent of chlorine as 
chlorides.

D e t e r m in a t io n  o f  D r y in g  P r o p e r t ie s

The relative rate of drying may be judged fairly by com
paring the drying properties of a sample of liquid glue when 
spread on a glass plate with those of a standard sample. The 
time required for a layer 0.2 cm. in depth to dry, a t a given 
humidity and temperature—e. g., 25° C. and 70 per cent 
humidity—should be noted and compared with the standard. 
The properties of the dried film should be observed. The 
best grades of liquid glues dry to transparent, glossy films, 
which are strong and brittle. If the dried film is easily 
powdered, the glue is of little value for most purposes.

D e t e r m in a t io n  o f  H y g r o s c o p ic  P r o p e r t ie s

If the completely dried film of glue is placed in a constant- 
temperature, constant-humidity room, or in a humidor over 
a sulfuric acid solution, it absorbs some moisture. The gain 
in weight is an index of the hygroscopic properties of the glue. 
For example, if a small amount of liquid glue is dried to 
constant weight on a watch glass over concentrated sulfuric 
acid, and then placed on a humidor at 25° C. over 80 per cent 
sulfuric acid and allowed to remain until its weight is constant, 
the gain in weight is an excellent index of the hygroscopicity 
of the sample of glue. Single determinations of this sort are 
not of great value, but if a record is kept of the results ob
tained from a series of liquid glues, the data increase in value.

D e t e r m in a t io n  of  t h e  J o in t  St r e n g t h  of  L iqu id  
G l u e s

In  the manner in which strength tests are ordinarily car
ried out on glues, they are of little value. Even careful, ac
curate experimenters are unable to check their results closely. 
One factor of extreme importance has heretofore been neg
lected. Weather conditions—temperature and humidity— 
have an important influence on the strength of all glues 
(hide, bone, fish, etc.).

T e n s i l e  S t r e n g t h  o f  G l u e s  u n d e r  V a r i o u s  C o n d i t i o n s  o f  T e m p e r a t u r e  
a n d  H u m i d i t y

15° C. and  20° C. and  25° C. and  25° C. and  
50%  h um id ity  75%  h u m id ity  90%  hum id ity  95%  hum id ity  

Liquid glue K g ./sq . cm . K g ./sq . cm . K g ./sq . cm . K g ./sq . cm .
A  4 9 .6  4 5 .8  3 5 .4  26 .4
B  4 5 .7  44 .1  39 .1  2 9 .0
C 3 1 .7  3 1 .3  31 .1  30 .3
D  4 2 .7  4 1 .2  39 .4  37 .7
Note .— All jo in ts  were m ade up  and  dried  a t  20° C. an d  75 per cen t 

hum id ity . A fter d ry ing  3 days, the  jo in ts  were rem oved to  th e  conditions a t  
which they  were broken and  allowed to  rem ain  7 days before breaking  the 
jo in ts.

The data presented in the table indicate the great importance 
of temperature and humidity as factors in controlling the

strength of hygroscopic glues. Liquid glues A  and B  are 
very hygroscopic, whereas C and D are much less hygro
scopic. Although A  and B  are much stronger than C and D 
a t 15° C. and 50 per cent humidity, they are much weaker 
than C and D  a t 25° C. and 95 per cent humidity. Thus it 
is seen tha t strength tests at relatively high humidity and 
temperature are more valuable than similar tests conducted 
at low temperatures and humidities.

To obtain uniform results, the testing of the strength of 
glues must be carried out in constant-temperature, constant- 
humidity rooms, regardless of what strength is determined— 
i. e., shearing, tensile, or breaking strength tests must all be 
carried out under uniform humidity conditions. Fair results 
may be obtained by placing the joints in a humidor a t 25° C. 
over 90 per cent sulfuric acid.

No tensile strength machine designed especially for glue- 
testing was available for use in this work, so a Fairbanks 
tensile strength cement tester was utilized. Oak blocks were 
sawed which, when joined with glue, just fitted the machine. 
These blocks were made so tha t the joint had an area of 6.46 
sq. cm: (1 square inch) and was at right angles to the direc
tion of the strain. When joined 
the blocks had a total length of 
6.35 cm. (2.5 inches); the top and 
bottom of the joined block were 
2.54 cm. (1 inch) by 4.1275 cm.
(1.625 inches).

Rough tensile strength tests 
may be run by brushing a thin 
coat of glue on the smooth face 
of the blocks, allowing the glue to 
dry until it becomes very viscous, 
and then applying a second coat 
of glue. The excess of glue is 
wiped off and then the blocks are 
joined and clamped together.
The joined blocks are placed in a 
humidor a t a known temperature
and humidity. After drying for Toint Fcm TEN5ILE ST(IBWM TE5T. 
a week the joints are broken in 
the Fairbanks tensile strength briquet machine.

More accurate results may be obtained by clamping the 
blocks under a definite pressure in a constant temperature and 
humidity room during the drying process.

S h e a r in g  S t r e n g t h  T e s t

This strength test has been perfected by the U. S. Forest 
Products Laboratory, and consists in joining hard maple 
blocks, allowing the glue to set under definite pressure, and 
then bringing a shearing strain to bear on the layer of glue 
between the two wooden halves of the joint in an Olsen 
Universal testing machine.

The chief trouble with this shearing strength test is that, 
because of variations in humidity and temperature, the glues 
show a variable strength from day to day and from season 
to season. Moreover, most strong glues pull a larger or 
smaller proportion of the wood out, and thus the test may 
not indicate the full shearing strength of the glue.

D e t e r m in a t io n  of  C olor

The color of liquid glues is most easily determined by clari
fying the glue with egg albumin and then matching the color 
in a Lovibond tintometer. The clarification is most easily 
effected by dissolving 1 per cent of powdered egg albumin in 
the glue at ordinary temperatures. This requires a con
siderable period of time. The finely powdered albumin should 
be slowly stirred into the glue, and the solution allowed to



September, 1924 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y 945

stand overnight. The glue should then be stirred for several 
minutes or until the albumin is dissolved. Upon heating to 
90° C. for 15 minutes the albumin coagulates and brings down 
with it all suspended matter. The glue may be filtered while 
hot through either cotton or porous filter paper. The color 
of the clarified glue may be easily determined by placing a 
sample in a Lovibond tintometer cell and matching the color 
with the standard red and yellow tintometer glasses.

P e r m a n e n c e

This is another point of first importance in the considera
tion of the value of any liquid glue. Not only should it 
retain its adhesive power indefinitely, but it must retain its 
original appearance—i. e., no coagulation, precipitation, or 
discoloration should appear on storage for long periods of 
time. The glue must, therefore, be preserved to prevent 
bacterial and mold growth, and it must not contain any sus
pended m atter tha t will settle out on standing.

One of the best tests that may be applied to a liquid glue to 
determine its permanence is its storage a t a slightly elevated 
temperature—e. g., 37.5° C. If liquid glue remains free from 
bacterial decomposition and other changes during a month’s 
storage at this temperature, it is likely tha t it will keep in
definitely at ordinary room temperatures, provided it is 
properly preserved to prevent mold growth.

C h e m i c a l  C o m p o s i t i o n

The permanence of a liquid glue is partly dependent upon 
its chemical composition. If the glue is either strongly acid 
or alkaline, hydrolysis will take place slowly and the glue will 
gradually lose its strength. The proper reaction for glues is 
neutral to litmus and very slightly acid to phenolphthalein.

The presence of chlorides has already been considered. 
Other impurities in liquid glue may be exceedingly objection
able; for instance, the presence of substances corrosive to tin 
or iron causes many liquid glues to be of little value, although 
they may be splendid in other respects.

A complete chemical analysis of the glue itself is of consid
erable value in the examination of a liquid glue, provided the 
amounts of gelatins, gelatoses, gelatones, and amino acids are 
determined. Only chemists who have had considerable ex
perience in the examination of glues are able to interpret the 
results of such an analysis correctly. The writer has not 
done sufficient work along this line to state definitely the 
maximum and minimum amounts of these substances that 
good liquid glues should contain, but the gelatin and gela- 
tose content must be high and the gelatin and amino acid 
content should be low. This is obvious, for gelatones and 
amino acids have little adhesive power.

If a liquid glue is to be used for joining work, the proper
ties of prime importance are permanence, adhesiveness or 
strength, and hygroscopicity. If the glue is lacking in any 
one of these three qualities, it is of no value for use in joining 
wood. Other properties, such as gel point, viscosity, color, 
and odor, are of minor importance in most cases. Where 
the glue is to be used for special work, such as joining glass, 
other properties—for instance, color and elasticity—become 
of importance.

In buying glue, viscosity, moisture content, and speed 
of set should be taken into consideration, for these proper
ties determine the relative cost of liquid glues. Obviously, 
more glue must be used on joints in the case of liquid glues of 
low viscosity and high moisture content than when glues of 
high viscosity and low moisture content are used. If the 
liquid glue sets too quickly after it is applied, it  will be im
possible to spread uniformly, and therefore more glue must 
be applied in making the joint than would be the case if a 
slower setting glue were used.

A Titration Method for the D eter
mination of Silver in Photographic 

Preparations1
By Martin Marasco

R e d p a t h  L a b o r a t o r y ,  E. I. d u  P o n t  d b  N e m o u r s  &  Co., P a r u n ,  N .  J.

THE possibility of quantitative determination of the 
reactions between soluble cyanides and silver salts, 
especially silver nitrate, has been known for a long 

time. The method was probably first tried by Liebig for the 
estimation of cyanogen by adding standard silver nitrate solu
tion to cyanide in solution until a permanent turbidity of 
silver cyanide wfas formed, or, if some soluble halide was also 
present, by adding the silver nitrate solution until a precipi
tate of silver halide was formed which occurred as soon as all 
the cyanide had been converted to the double salt. In  the 
photographic industry a reasonably accurate and rapid 
method of estimating silver halides in emulsions is important, 
but until recently no satisfactory way of doing this has been 
published.

Such a method has been used successfully in this laboratory 
for determining the silver content of photographic emulsions 
(emulsion noodles and dry emulsions on photographic plates 
and films). I t  is similar to, but more rapid and accurate than 
one recently described by Eggert.2 The procedure suggested 
by Eggert is the same as that given by Rabiere,3 and is proba
bly better known as Denigcis’ method which is based on adding 
an excess of 0.1 N  potassium cyanide solution to the neutral 
silver solution (about 0.2 gram in 200 cc.), then ' 5 cc. am
monium hydroxide, about 0.05 gram potassium iodide, and 
titrating back with 0.1 iV silver nitrate solution until j ust turbid 
(due to silver iodide).- 

Comparing the equations representing both methods in 
their working order, we have for Eggert’s method

q AgBr +  m  K C N  (excess) =
q A gK (C N )2 +  «  K C N  +  q K Br ( 1 )

g A gK (C N )2 +  n K C N  +  « /2 A g N O a =
(g 4  n /2) A gK (C N ), +  n /2  K N O , (2)

K I +  AgNOj — A gl =  turbid solution (3)
(q ,  m ,  a n d  n r e p r e s e n t  t h e  n u m b e r  o f  c h e m i c a l  e q u i v a l e n t s ,  a n d  q  «=* 

m — n)

and for the method described here
AgBr +  2 K C N  =  A gK (C N )2 +  K Br =  clear solution (1)

That the second method is far simpler and quicker is ob
vious at once from the equations; it remains to show that it is 
at least as accurate. By Eggert’s method the emulsion is 
dispersed in hot water, then a mixture of ammonia and 
potassium iodide in water is added, followed by an excess of 
standard potassium cyanide solution. The excess of potas
sium cyanide is titrated with standard silver nitrate solution 
until a faint turbidity due to a permanent precipitate of silver 
iodide appears. Eggert's article might lead one to suppose 
that the ammonia is added to keep silver cyanide in solution at 
the end point, which, of course, is not the case. The real 
advantages of having ammonia present are:

(1) I t  keeps the solution alkaline and so prevents the libera
tion of traces of hydrogen cyanide during titration. W ithout the  
ammonia, after several hours of continuous work w ith  cyanide  
solutions in an ordinary laboratory, the eyes becom e dull and 
there is a feeling of internal pressure about the tem ples, w ith  
occasional dizzy spells, bu t when a little  am m onia is added to the  
mixture or the cyanide before titration these effects are no longer 
noticed.

1 Received M ay 24, 1924.
J Z . wiss. Phot., 22, 209 (1924).
* Bull. soc. chim., 17, 306 (1915)*
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(2) It favors the formation of very finely divided suspensions 
instead of clots during titration.

The second effect is particularly favorable for satisfactory 
results by the procedure described by the writer, of titrating 
to a clear end point, especially while standardizing the 
standard cyanide solution against pure silver nitrate.

Except in rare cases, the usual procedure by this method 
is to add 0.1 N  potassium cyanide solution, containing 5.0 cc. 
ammonium hydroxide per liter, to the liquid emulsion dis
persed in hot water until it becomes clear, which indicates 
the end of the titration. The trace of ammonia in the cyanide 
doubtless has a slight solvent action on the silver halides, 
but allowance is made for this when standardizing the 
cyanide solution.

In order to be successful by this method, there are certain 
precautions to be taken and several points with which the 
operator should be familiar.

(1) Although pure potassium  cyanide solutions are fairly 
stable, standardization requires only a few m inutes and should be 
repeated at least every other day in order to be sure that the solu
tion has not decoxnposed to any im portant extent.

(2) The end of the titration is indicated by com plete solution  
of the silver halides, but a t this point the liquid is often slightly  
opalescent, depending on the am ount and sta te  of the gelatin in 
the sam ple. The end point of the titration is taken where two 
or three drops of the standard potassium  cyanide solution cause 
no further decrease in turbidity. This is not difficult to see and is

' im portant since an attem pt to  overcome turbidity due to gelatin  
leads to  high results.

(3) In the rare cases of coagulated emulsions or other silver 
halide precipitates, an excess of potassium  cyanide is added as in 
the first part of E ggert’s m ethod until all the silver halides are 
dissolved. A known am ount of silver nitrate is then precipitated  
in about 50 cc. of water in a separate beaker by a sm all excess of 
potassium  bromide and the freshly prepared silver bromide sus
pension poured into the clear sam ple. T itration is then continued  
as before w ith standard potassium  cyanide solution to a clear end 
point. Back titration of the excess potassium  cyanide w ith stand
ard silver nitrate solutions in the presence of gelatin  as in E g
gert’s m ethod gives low results.

(4) T he rate of reaction between the silver halides and the  
entering cyanide varies som ewhat w ith the size of the silver halide 
particles and the volum e of liquid in which the silver halide is 
dispersed. In nearly every photographic emulsion the crystals 
are sm all enough to react instantly, but volum e changes of 300 
per cent increase the error of a determ ination by about 1 per 
cent. Cautious titration and reasonably uniform dilution are 
desirable to obtain best results.

S t a n d a r d i z a t i o n  o f  KCN S o l u t i o n

Dissolve a known weight (0.25 to 0.300 gram) of silver 
nitrate in about 150 cc. of hot distilled water (50° to 90° C.). 
Add about 0.4 gram of powdered potassium bromide (too 
much potassium bromide coagulates the silver bromide formed) 
stirring the mixture by the aid of a rubber-tipped rod and then 
run in approximately 0.1 iV slightly ammoniacal potassium 
cyanide solution until the mixture becomes nearly clear; 
then add the potassium cyanide solution carefully by drops to 
a clear end point. If coagulated silver bromide or silver cya
nide is formed, it is easily seen a t the end of the titration as 
quick-settling white particles, and indicates tha t the work has 
not been done properly.

A n a l y s i s  o f  E m u l s i o n s

Completely disperse a known weight or area of emulsion 
containing about 0.2 gram silver in about 150 cc. hot water, 
and titrate with standard potassium cyanide solution to a 
clear end point in the same way as in titrating the silver when 
standardizing the potassium cyanide solution. Remember 
tha t the gelatin, especially if present in large amounts, may 
cause an appreciable turbidity. Unless lumps or clots of 
emulsion are present, a reading taken before the first addition 
which causes no decrease in turbidity represents the end point.

If coagulated emulsion is encountered, add a known ex
cess of potassium cyanide and stir until the silver halides in 
these clots are dissolved. Take more than sufficient- silver 
nitrate to correspond to the excess potassium cyanide em
ployed in about 30 cc. of water in another vessel, add a 
slight excess of potassium bromide solution to precipitate all 
the silver as bromide, and pour this into the clear sample, and 
titrate again with the standard potassium cyanide solution 
to a clear end point.

C o m p a r i s o n  o f  R e s u l t s  b y  B o t h  M e t h o d s

Since Eggert’s procedures and the one described here are 
nearly identical, the only way to compare them is to analyze 
emulsions by both methods. Both methods give sharp end 
points in the standardization of the potassium cyanide 
solution. The following results, however, indicate that the 
presence of gelatin strongly impairs the accuracy of Eggert’s 
method, and is responsible for the discrepancy between 
the true silver content and the results obtained by either 
method. This method gives results approximately 1 per cent 
high, while under the same conditions by Eggert’s method 
the results are 2 to 5 per cent low, according to the amount of 
gelatin present.

S t a n d a r d i z a t i o n  o f  0.1 N  K C N  S o l u t i o n  
Direct titration method

K C N Ag equiv . per A verage
AgNOa taken soln. used cc. of K C N  soln. difference

G ram s Cc. G ram s P e r cen t
0 .2256 27 .30 0.005247 - 0 . 1 0
0 .2519 30 .43 0.005255 + 0 .0 6
0 .2732 33 .00 0.005253 - 0 . 0 2

Av. 0 .005252

Eggert’s  method
B ack t i tr a t io n 0 Ag equiv.

K C N AgNOa K C N per cc. Average
NOa tak en  soln. added soln. used soln. used K C N  soln. difference
G ram s Cc. Cc. Cc. G ram s P er cent
0 .2238 45 .00 8 .3 5 27 .55 0.005158 + 0 .1 2
0 .2512 45 .0 0 6 .7 0 31 .00 0.005145 - 0 . 1 4
0 .2735 45 .00 5 .4 0 33 .72 0.005153 +  0 .02

Av. 0.005152

A n a l y s i s  o f  S i l v e r  B r o m i d e - G e l a t i n  E m u l s i o n

✓------------------------E g g e r t ’s  M e t h o d ----------------------- »
D i r e c t  T i t r a t i o n  M e t h o d  B ack  titra tio n

K C N  K C N  K C N
E m ulsion soln. Ag in Em ulsion  soln. AgNCh soln. Ag in

tak en  used em ulsion tak en  add ed  soln. used used emulsion 
G ram s Cc. P e r cen t G ram s Cc. Cc. Cc. Per cent 
3 .2 3 2  18 .55  3 .0 1 5  3 .4 0 0  4 0 .0 2  9 .9 5  19 .27  • 2 .92
4 .6 7 2  2 6 .8 5  3 .017  4 .6 4 5  40 .0 0  13 .63  26 .3 7  2 .92
6 .3 3 7  36 .30  3 .007  6 .1 3 5  45 .0 0  10 .22  34 .7 8  2.90

Av. 3 .0 1 3  Av. 2.91
T rue  per cen t Ag *= 2 .9 8 0  T ru e  per c en t Ag = 2 .9 8
P e r c en t e rro r =* -{-1.10 P er cen t e rro r =  *—2.35

a R atio  of AgNOa solu tion  to  K C N  solu tion  was 1:2 .090

C o m p a r a t i v e  R e s u l t s  S h o w i n g  E f f e c t  o f  A d d e d  G e l a t i n  
E rro r by  di- E rro r by  Eg-

G elatin  in sam ple rec t m ethod g e rt’s m ethod
G ram s P e r cen t P e r cen t
N one 0 .0 6  0 .0 9
0 .4  *-f-1-1 —2 .2
1 .5  + 1 .1  - 4 . 4
1 .2  + 1 .6  “*3.3
2 .0  1 + 0 . 8  - 5 . 2

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

The writer wishes to express his appreciation to F . F. Ren- 
wick for kindly criticisms.

A nnouncem ent of C hem ical E xposition  D a te
Owing to some confusion which is believed to exist in a few 

quarters regarding the holding of the next chemical exposition, 
an announcem ent has been sent out by the International Exposi
tion Company, under whose m anagem ent the Exposition of Chem
ical Industries has been held since 1915. This announcement 
states th at there will be no chemical exposition in 1924. The 
next Exposition of Chemical Industries will be held September 
28  to October 3, 1925, at the Grand Central Palace, N ew  York, 
N . Y.
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Modified Method for Determining Cellulose in W ood1
By G. J. R itter

F o r e s t  P r o d u c t s  L a b o r a t o r y , M a d i s o n , W i s .

ON ACCOUNT of a slightly gelatinous property acquired 
by cellulose during its isolation by the Cross and 
Bevan method, the thorough removal of the chemicals 

used in the process is frequently difficult. The undesirable 
gelatinous property of cellulose is often associated with a 
subsequent darkening of color while the product is drying. 
The discoloration developed during drying has been ascribed 
to an improper removal of the reduced permanganate resi
dues which form'during the bleaching process. The work de
scribed in this paper was undertaken with a view to modify
ing the present method of preparing cellulose, so as to mini
mize, if possible, these troublesome features.

The modifications studied may be classified under three 
headings—namely, (1) decreasing the length of the chlorina
tion periods, (2) trying different bleaching agents, and (3) 
digesting the cellulose on a hot water bath before final washing.

I t  was planned to compare the samples of cellulose iso
lated by the modified and regular Cross and Bevan methods 
as to both physical and chemical characteristics. For a 
chemical characteristic the hot water-soluble content2 of cel
lulose was to be substituted for alpha, beta, and gamma 
cellulose. I t  was soon learned, however, tha t the hot w ater- 
soluble portion could not be used as a constant on cellulose 
prepared by either the regular or modified methods, for the 
value of the soluble portion on the same wood ranged from 
3.5 to 15 per cent.

The experimental work was confined to redwood-heartwood 
sawdust 80 to 100 mesh. The procedure for preparing the 
cellulose was the same as described in previous papers,3 with 
the modifications to be explained in the present paper.

L e n g t h  o f  C h l o r i n a t i o n

Modification 1 is based on results reported in a previous 
paper3 of this series. The chlorination periods were reduced 
from 5 to 4 minutes, and finally to 3 minutes, without any 
noticeable difference in cellulose yields. I t  was decided to 
drop this phase of the work inasmuch as 15 to 20 seconds are 
required to displace the air with chlorine in the reaction 
chamber. A period of 3 minutes for the sawdust in the re
action chamber after the chlorine enters is as efficient for 
removing lignin from cellulose as 5-minute periods. This 
would indicate that any time above 3 minutes results in over
exposure of cellulose to the chlorine gas. In  the previous 
paper3 it was shown tha t the pentosans and lignin content of 
cellulose prepared by the short and long chlorination periods 
agree closely. Accordingly, these determinations of the cel
lulose were omitted. The results obtained by decreasing the 
chlorination periods are shown in Table I.
E f f e c t  o f  D i f f e r e n t  B l e a c h i n g  A g e n t s  o n  Y i e l d s  a n d  

C o m p o s i t i o n  o f  C e l l u l o s e

This phase of the work was undertaken in order to deter
mine whether the permanganate is the cause of frequent 
discolorations of the isolated cellulose. Two other bleaching 

• agents, hydrogen peroxide and sulfur dioxide, were therefore 
used.

1 Presented under th e  title  "Som e M odifications in th e  M ethod  of 
D eterm ining Cellulose in  W ood" before th e  Division of Cellulose C hem 
istry a t  th e  67 th  M eeting  of the  A m erican Chem ical Society, W ashington, 
D. C., April 21 to  20, 1924.

* Sherrard and  Blanco, T h i s  J o u r n a l , 15, 1160 (1923).
1 R itte r and  Fleck, Ibid., 16, 147 (1924).

By being reduced to water and oxygen, hydrogen peroxide 
would eliminate the addition of new salts to be removed by 
subsequent washing. Since sulfur dioxide is used in reducing 
the excess permanganate, it was also used for reducing the 
excess hydrogen peroxide. I t  was found that the occasional 
discoloration of the cellulose during drying was not eliminated 
by bleaching with hydrogen peroxide instead of permanganate.

T a b l e  I — C e l l u l o s e  i n  R e d w o o d  H e a r t w o o d , I s o l a t e d  b y  V a r y i n g  
L e n g t h s  o p  C h l o r i n a t i o n  P e r i o d s  

(R esults based on oven-dry w eight ( 1 0 5 °  C . )  of m aterial)
Chlorination

periods Cellulose
M inutes P e r cent

5, 5, 5, 5, 2 4 2 .2
5, 5, 5, 5, 2 4 1 .9
5, 5, 5, 5, 2 4 2 .4
5, 5, 5, 5, 2 4 2 .5
4, 4, 4, 4, 2 41 .9
4, 4, 4, 4, 2 4 2 .3
4, 4, 4, 4, 2 4 2 .2
4, 4, 4, 4, 2 4 2 .0
3, 3, 3, 3, 2 42 .1
3, 3, 3, 3, 2 4 2 .3
3, 3, 3, 3, 2 42 .4
3, 3, 3, 3, 2 4 2 .2

Naturally, the presence of sulfur dioxide as an addition com
pound with cellulose or absorbed by the cellulose suggested 
itself. Its presence in either of these forms might be the 
influential factor in the discolorations. Sulfur dioxide was 
next used for bleaching cellulose, and showed the same oc
casional undesirable discoloration of the dried cellulose. 
From these results sulfur dioxide seems to be the principal 
agent in causing discoloration of the cellulose. Further 
evidence of this effect is shown under Modification 3.

The effect of the three bleaching agents on the yield and 
chemical properties o f , the cellulose isolated was studied. 
An attempt was made to compare the chemical properties of 
the various samples by determining the hot water-soluble 
content of the cellulose. As previously noted, however, 
the hot water-soluble content was so variable as to make this 
comparison unreliable. Table II  contains the results.

T a b l e  I I — E f f e c t  o f  D i f f e r e n t  B l e a c h i n g  A g e n t s  o n  C e l l u l o s e  f r o m  
R e d w o o d  H e a r t w o o d  

(Yields based on oven-dry  weight ( 1 0 5 °  C . )  of m aterial)

Bleaching 
agent 

KMnO*

H jOj

SO2

D i g e s t i o n  o f  C e l l u l o s e  o n  a  H o t  W a t e r  B a t h  b e f o r e  
F i n a l  W a s h i n g

The gelatinous characteristic hinders final washing of the 
cellulose. Any salts or acids on the cellulose would tend to 
concentrate during the drying process and promote forma
tion of hydrolyzed material. The amount of such hydrolyzed 
material might then account for the varying water-soluble 
content which was found with separately prepared samples of 
cellulose. That such would be the result has been shown by

T otal cellulose
H o t w ater-so lub le  con 
te n t of to ta l cellulose

Per cent P er cen t
42 .7 3 .5
4 1 .9 13 .8
4 2 .0 10.2
41 .7 11 .9
42 .4 9 .7
4 1 .6 8 .3
4 2 .6 3 .6
4 1 .9 15.1
4 2 .0 12.1
4 1 .9 12 .6
4 2 .0 9 .0
4 1 .9 15.1
4 2 .4 13 .8
4 2 .0 9 .7
4 2 .5 10 .2  «■'
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Sherrard and Blanco.2 In order to eliminate the gelatinous 
condition of the cellulose the material was digested in water 
on a hot water bath for varying periods. The cellulose could 
then be washed with water and filtered easily. This is in 
accord with some of the later results by Sherrard on the par
tial hydrolysis of wood cellulose. The hot water-soluble 
content was reduced, progressively, to approximately 1 per 
cent, as shown in Table III.

T a b l e  I I I — E f f e c t  o p  H e a t i n g  R e d w o o d - H e a r t w o o d  C e l l u l o s e  i n  
W a t e r  B a t h  f o r  V a r y i n g  P e r i o d s  o f  T i m e  b e f o r e  F i n a l  W a s h i n g  

(R esu lts on basis of oven-dry  weight)

H eating T o tal

H o t w a ter- 
soluble con
te n t of to ta l

periods cellulose cellulose
H ours P er cen t P er cen t

V* 4 2 .9 7 .9
v* 42 .7 6 .5

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

Samples of cellulose prepared by the regular method 
(with high hot water-soluble content) and others prepared by 
the modified method (with low hot water-soluble content)

were boiled with water 20 minutes, filtered, and the residues 
and filtrates tested for traces of acids.

The moist residue from cellulose with high hot water- 
soluble content gave a distinct acid reaction on remaining in 
contact with blue litmus for a few minutes. The filtrate 
from the same cellulose, on oxidation with bromine water and 
the addition of barium chloride, produced a white precipi
tate insoluble in hydrochloric acid. These two tests indicate 
tha t some sulfur dioxide remained on the cellulose and some 
was taken up by the water on boiling. The presence of 
sulfur dioxide with the cellulose a t temperatures of 100° to 
105° C. during drying would cause hydrolysis and the subse
quent appearance of hot water-soluble material.

The moist residues from cellulose with low hot water- 
soluble content (prepared by the modified method) showed 
no test for acid with litmus. The filtrate from the same cel
lulose on oxidation "with bromine water developed a very slight 
cloudiness.

The advantages gained by a slow digestion of the cellulose 
with hot water can be stated as follows: (1) The elimination 
of the undesirable gelatinous property of the cellulose is accom
panied by facility in washing and filtering. (2) By a more 
thorough removal of acids and salts, a more highly hot water- 
resistant product is obtained.

Titration of Aniline and Homologs1
By D . O. Jones and H . R . Lee

T h e  N e w p o r t  C o . ,  M i l w a u k e e ,  W i s .

THE usual nitrite titrations of aniline, o- and p-toluidines, 
and xylidine require a temperature of 0° to 5° C. on 
account of the instability of the diazo compounds. 

The slow rate of diazotization of these amines makes their 
analysis by this method both tedious and inaccurate.

This investigation was started to determine whether the prin
ciple of the back titration method,2 as applied to the analysis 
of dehydrothio-p-toluidine, could be applied to this class 
of compounds.

P r e l i m i n a r y  T i t r a t i o n s

Preliminary titrations made on a sample of purified p-tolui- 
dine yielded low results. In these titrations a sufficient quan
tity  of the amine to require approximately 40 cc. 0.1 iV sodium 
nitrite solution was diluted to 400 cc., 25 cc. concentrated hy
drochloric acid added, the solution cooled to 0° C., and ap
proximately 10 cc. excess of 0.1 Ar nitrite added. Back titra
tions were made after allowing to stand from 2 to 5 minutes.

The results indicated at once that a longer time would be 
necessary for complete diazotization. Upon extension of 
the time allowed for diazotization, in the presence of the 
excess nitrite, a maximum absorption was reached in 30 
minutes. The values corresponding to this nitrous acid ab
sorption were, however, over theory, which suggested a loss of 
nitrous acid. A measure of this loss is shown in Table I.

The expression 3 H N O ü ^H N O a +  2NO +  H 20 , com
monly given for the decomposition equilibrium of nitrous acid 
in solution, suggested the use of nitric acid for suppressing 
the loss of nitrous acid in this titration.

1 Presen ted  before th e  D ivision of D ye C hem istry  a t  th e  66 th  M eeting  
of th e  Am erican Chem ical Society, M ilw aukee, W is., Sep tem ber 10 to  14,
1923.

5 Lee an d  Jones, “ A n A ccurate  M ethod  for th e  A nalysis of D ehydro- 
th io -£-to lu id ine,” presen ted  before th e  Division of D ye C hem istry  a t  
th e  66 th  M eeting  of the  A m erican Chem ical Society, M ilw aukee, W is., 
Sep tem ber 10 to  14, 1923. (See page 930, th is  issue.)

T a b l e  I— L oss  o f  N i t r o u s  A c i d  f r o m  S o l u t i o n  a t  0 °  C .
0.1 N  N aN O i
solution  tak en  Im m ed ia te  titra tio n  

N o. Cc. Cc.
1 10.00  10.11
2 10.00  10.11

- ¿ - N i t r o a n i l i n ę  U s e d -
T itra te d  a f te r  30 min. 

Cc.
9 .8 5  
9 .8 0

S t a b i l i t y  o f  N i t r o u s  A c i d  S o l u t i o n s

The stability of nitrous acid solutions of different concentra
tions was then studied. Solution's containing different 
quantities of 0.1 N  nitrite in a volume of 400 cc. containing 
25 cc. concentrated hydrochloric acid were allowed to stand 
a t 0° C. for various lengths of time with and without nitric 
acid present, and the nitrous acid remaining was then ti
trated with p-nitroaniline solution. The results are shown in 
Table II.

T a b l e  I I — S t a b i l i t y  o p  N i t r o u s  A c i d  S o l u t i o n s

H N O j T im e allow ed to  stand  with
used ¿-N itroan ilinę  so lution excess n itr ite  before back ti-

N o. Cc. used in hack  t itra tio n  tra tio n — M in.
Part 2°— 10 cc. O.l N  N aN O i taken

1 N one 10.20
2 N one 10.22 N one
3 5 10 .25
4 10 10 .2 2 J
5 N one 9 .9 3
6 N one 9 .9 0 30
7 5 10 .15
8 10 1 0 . is ;

Part 2— 20 cc. N aN O i taken
9 5 21 .161 N one

10 10 21 .16
11 N one 20.20")
12 5 20 .78
13 5 20 .77 20
14 10 20.91
15 20 21 .05

a In  P a r ts  1 and  2 different ¿ -n itroan ilinę  so lu tions were used.

The presence of nitric acid was found to have no injurious 
effect upon the diazotization reaction or upon the end point. 
In  Table I I  it is shown that check results are obtained with
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or without nitric acid if the back titrations are made immedi
ately. Furthermore, 10 cc. nitric acid are effective in pre
venting the loss of nitrous acid by dissociation when 10 cc. 
0.1 ¿V nitrite are allowed to stand a t 0° C. in a volume of 
400 cc. for 30 minutes. For larger quantities of nitrite more 
nitric acid is required, 20 cc. excess nitrite requiring at least 
20 cc. nitric acid.

An excess of approximately 10 cc. 0.1 N  nitrite and the 
addition of 10 cc. concentrated nitric acid are therefore the 
most suitable conditions.

Samples of the purified p-toluidine, previously referred to as 
yielding low results in the preliminary titrations, were then 
analyzed in the same manner except that they were allowed to 
stand for 30 minutes before making the back titration. Ti
trations were made with and without nitric acid. The results 
are shown in Table III.

T a b l e  I I I — A n a l y s i s  o p  ¿ - T o l u i d i n e  w i t i i  a n d  w i t h o u t  N i t r i c  A c i d

W ith o u t HNOa 
P e r cen t 
100.52 
100.12 
100.07

W ith  10 cc. H N O j 
P e r cent 
99 .72  

•99 .92

T i m e  R e q u i r e d  f o r  C o m p l e t e  D i a z o t i z a t i o n

The time required for complete diazotization of technical 
samples of aniline and homologs was then determined, using 
10 cc. concentrated nitric acid and approximately 10 cc. 0.1 
N  nitrite in excess. The results are shown in Table IV.

T a b l e  IV — D i a z o t i z a t i o n  a p t e r  V a r y i n g  P e r i o d s  o f  T i m e

Tim e allowed before ¿»-Toluidine o-Toluidinc Aniline X ylidine
back titra tio n — M in. P er cen t P e r cent P e r cent P e r cent

10 98 .15 9 8 .7 8 99 .54 98.51
98 .78

20 9 9 .20 98 .83 99 .75 98 .63
98 .74 9 9 .7 8  .

30 9 9 .4 0 98 .88 99 .72 99.01
98.81 99 .78

45 99 .40 98.81 99 .78 99 .01
Average cc. 0.1 N

NaNO s presen t in
excess for 30-min.
t i tr a t io n ................... 10.53 10 .53 11.05 11.21

The data clearly show that in all cases maximum nitrite 
absorption is obtained by allowing 30 minutes’ standing be
fore making the back titration.

P r e p a r a t i o n s  a n d  A n a l y s i s  o f  P u r i f i e d  S a m p l e s

In order to show tha t this method gives theoretical results 
for this class of compounds, pure samples of each were prepared 
and analyzed.

p-To l u i d i n e —The technical product was recrystallized 
from alcohol, distilled, and sublimed in  vacuo. The purified 
product had a crystallizing point of 43.57° C .

A nalysis by N itrite . A  4.4979-gram  sam ple was dissolved, 
diluted to 500 cc., and 50-ce. aliquots taken.

0.1 N  fac to r n itr ite , 1.0432
0.1 N  fac to r ¿-n itroan ilinę , 0.9964

/ ¿ - T o l u i d i n e — ->
Analysis by

¿ -N itro an - K jcldahl
N itri te  iline re- 0.1 N  n itr ite  F ound  nitrogen 
taken  qu ired  consum ed (m. w. 107.11) (m. w. 107.11)

N o. Cc. Cc. Cc. P e r c en t P e r cen t
1 50 .00  10 .19  42 .01  100.03 99.87
2 50 .00  10 .23  41 .97  99 .94  99.87

o - T o l u i d i n e —The technical product was purified by the 
method of Rosenstiehl,3 redistilled, and the constant boiling 
middle, fraction taken for analysis.

A nalysis by N itrite . A  4.0306-gram  sam ple was dissolved, 
diluted to 500 cc., and 50-cc. aliquots taken.

0.1 N  fac to r n itr ite , 1.0269 
0.1 N  fac to r ¿ -n itroan ilinę, 0.9870

o-Toluidine
N itr i te  ¿-N itroan ilinę  0.1 N  n itr ite  found 
tak en  requ ired  consum ed (ra. w. 107.1)

No. Cc. Cc. Cc. P er cent
1 4 7 .0 0  10.81 3 7 .6 0  99.91
2 50 .00  13 .92  37.61  99 .92

* Lunge, “ Technical M ethods of A nalysis ,"  Vol. I I ,  P a r t  I I ,  p . 855,

A n i l i n e —The technical product was redistilled three 
times in  vacuo. The second and third distillations gave 
products having a freezing point of — 6.29° C., which corre
sponded4 to 99.92 per cent.

A nalysis by N itrite. A 3.7115-gram sam ple was dissolved, 
diluted to 500 cc., and 50-cc. aliquots taken.

0.1 N  fac to r n itr ite , 1.0684 
0.1 AT fac to r ¿-n itroan ilinę, 1.0064 

¿-N itroan ilinę  0.1 N  n itr ite  Aniline found 
N itri te  taken  required  consum ed (m. w. 93.1)

N o. Cc. Cc. Cc. P er c en t
1 47 .50  10 .90  3 9 .7 8  99 .78
2 47 .50  10 .88  3 9 .SO 99 .84
3 47 .50  10.88 39 .80  9 9 .S4

X y l i d i n e —A sample of technical m-xylidine was converted 
into the hydrochloride, which was then recrystallized and 
converted into the base. The base was distilled in  vacuo 
and a constant-boiling middle fraction taken for analysis.

A nalysis by N itrite. A 4.7620-gram sam ple w as dissolved, 
diluted to 500 cc., and 50-cc. aliquots taken.

0.1 N  fac to r n itr ite , 1.0684
0.1 N  fac tor ¿-n itroan ilinę, 1.0064 
¿-N itroan ilinę  0.1 N  n itr ite  X ylid ine found 

N itrite  taken  required consum ed (m. w. 121.14)
N o. Cc. Cc. Cc. P e r ceu t

1 49 .00  13 .00  39 .27  9 9 .9 0
2 49 .00  12.99 39 .2 8  99 .93

M e t h o d  o f  A n a l y s i s —Measure with a dry Mohr pipet or 
transfer—depending upon whether the sample is liquid or 
solid—a sufficient quantity of the sample into a tared weighing 
bottle, such that one-tenth of it will require approximately 
40 cc. 0.1 N  sodium nitrite solution, and weigh. Transfer to 
a 500-cc. volumetric flask, using 5 per cent hydrochloric acid 
to wash the weighing bottle; then dissolve by further addition 
of acid and dilute to volume. Pipet a 50-cc. aliquot into a 
600-cc. beaker, dilute to 300 cc., add 25 cc. concentrated 
hydrochloric acid, surround with ice, and cool to 0° C. Add 
chipped ice to the solution and, while stirring, add 50 cc. 
0.1 N  sodium nitrite solution, then immediately add 10 cc. 
concentrated nitric acid (N2O3 free). Cover with a watch 
glass and allow to stand for 30 minutes with occasional stir
ring. Titrate back the excess nitrous acid with the standard 
p-nitroaniline solution, as described in the analysis of de- 
hydrothio-p-toluidine.2

S t a b i l i t y  o f  t h e  0.1 N  p-N i t r o a n i l i n ę  S o l u t i o n —An 
approximately 0.1 N  solution of /»-nitroanilinę was standard
ized daily against 10 cc. of a 0.1 JV solution of sodium 
nitrite for a period of 16 days. Assuming tha t the nitrite 
solution was stable, no regular change occurred in the p-nitro- 
aniline solution. The largest difference in the p-nitroaniline 
solution required for titration during this period was 0.15 cc. 
This was apparently due to different observations of the end 
point, for when these standardizations were applied to the 
analysis of a sample of sulfanilic acid by the back titra
tion method on the corresponding days, identical values 
were obtained.

D i s c u s s i o n  o f  t h e  M e t h o d

Analyses of samples of commercial aniline by the freezing 
point method4 have been in very close agreement and usually 
slightly lower than by the procedure herein described. This 
relation would be expected because of the presence of a small 
quantity of homologs.

The method described is not only suitable for the analysis 
of aniline and its homologs in the pure state, but is especially 
valuable for technical samples, liquors, extractions from 
residues, etc., the amino values of which are frequently 
required in commercial work.

‘  T h i s  J o u r n a l ,  1 3 ,  8 8 2  ( 1 9 2 0 ) .
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The Determination of Free Calcium Hydroxide in 
Commercial Calcium Arsenate1

By C. M . Sm ith and S. B. H endricks

I n s e c t i c i d e  a n d  F u n g i c i d e  L a b o r a t o r y , B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n , D .  C . ,  a n d  D e l t a  L a b o r a t o r y ,
B u r e a u  o f  E n t o m o l o g y , T a l l u l a h , L a .

CALCIUM arsenate, as used for the control of the cot
ton boll weevil, is not a single, definite chemical com
pound. As usually made, it contains, in addition to 

one or more forms of calcium arsenate, calcium carbonate and 
free calcium hydroxide. This complexity leads to difficulty 
in interpreting the analyses of commercial calcium arsenates 
as made by the recognized methods. Allowance may be made 
for the carbonate by making a carbon dioxide determination, 
but after this is done the remaining calcium oxide and the 
total arsenic oxide present give no information as to just what 
arsenate is present, because the distribution of the calcium 
between the hydroxide and the arsenate is indeterminate. 
The estimation of the quantity of free lime present seemed to 
offer the best means of determining this distribution, and this 
article outlines the method developed for tha t purpose.

I t  might seem at first that the free calcium hydroxide could 
be dissolved in water or in sugar solution, as recommended in 
various methods for the analysis of commercial lime. I t  must 
be remembered, however, that all the known calcium arsenates 
are dissolved, or hydrolyzed, to some extent in water, and that 
reactions may occur which will use up calcium hydroxide to 
form more basic compounds if the various components are 
not in equilibrium with each other. Experiments made by 
the authors on mixtures of lime with di- and tricalcium arsen
ates and with commercial samples confirmed the supposition 
tha t aqueous extraction gives erroneous results, at least in 
many cases.

I t  is very desirable to have a method that can be relied upon 
to determine accurately the free calcium hydroxide, even in 
the extreme case of a mixture of that compound with dical
cium arsenate, inasmuch as this salt is known to have occurred 
in some commercial calcium arsenates. The use of some non- 
aqueous medium which would operate to repress solubility and 
hydrolysis appeared to offer hope, and after experimenting 
with a number of organic liquids alcohol was adopted as the 
most satisfactory.

The method tested consisted in treating the sample with a 
known excess of standard acidified alcohol, followed by back 
titration with standard alkali in alcohol, it being hoped that 
the acid would attack the calcium hydroxide and not react 
with the other components. Preliminary tests showed that 
hydrochloric acid gave very poor results, acetic acid was 
considerably better, and benzoic acid gave excellent results. 
Consequently, benzoic acid was adopted and'used in the form 
of an approximately 0.1 N  solution in 93 per cent ethyl alcohol.

P r o c e d u r e

A 1-gram sample of the material under examination, pre
viously sifted through a 200-mesh screen, is put into a 200-cc. 
Erlenmeyer flask, 50 cc. of the alcoholic benzoic acid added, 
the flask stoppered, and the whole shaken vigorously for 5 to 6 
minutes. Phenolphthalein solution is then added and the 
back titration begun with 0.1 N  sodium hydroxide in 93 
per cent alcohol solution. I t  was found to be necessary to 
agitate the solution violently, during this back titration.

- 1 P resen ted  under th e  title  "A  M ethod  for th e  D eterm ina tion  of Free 
Calcium  H ydroxide in C alcium  A rsepa te”  before the  D ivision of A gricul
tu ra l an d  Food C hem istry  a t  th e  67 th  M eeting  of the  A m erican Chem ical 
Society, W ashington. D. C ., April 21 to  26, 1924.

For the most accurate results the titration should be stopped 
somewhat before the end point, the solution filtered through a 
folded filter paper, the latter washed once or twice with alcohol, 
and the clear filtrate then titrated to the first appearance of 
pink. This filtration is necessary to prevent a dragging end 
point due to reaction between the sodium hydroxide and the 
precipitate. However, results within about 0.15 per cent 
(low) of the true values can be obtained without filtration, 
and probably the adoption of a motor-driven stirrer would 
improve this.

R e s u l t s

Table I shows the results obtained when this method was 
applied to the individual components which it  is assumed may 
be present. The materials used here and in the subsequent 
experiments were as follows:
Calcium hydroxide', reagent containing about 96 percent Ca(OH)i 
Calcium carbonate: C. P. reagent
Dicalcium  arsenate: a C. P. salt of the formula C aH A s0(.H 20  

prepared in the laboratory  
Tricalcium  arsenate: a C. P. sa lt of the formula Ca3(As0.i)j.8H20  

prepared in the laboratory

M a t e r i a l  A n a l y z e d  
Ca(OH)»
Ca CO:
CaHA.sO4.HjO
C aj(A sO 0j.8H jO

T a b l e  I
W eight of
sam ple .—Per cen t C a(O H ):—,
G ram s P resen t Found

0 .1  9 6 .1  96 .1
1. 0.00 0.02
1. 0.00 0.02
1. 0.00 0.06

E rro r 
P er cent 

0.0 
+0.02 
+0.02 
+  0 .06

I t  is seen that the calcium hydroxide is recovered quantita
tively, while all the other components are not attacked.

Table II  shows the results obtained from known mixtures 
of calcium hydroxide with the other components, the latter 
taken one, two, and three a t a time.

T a b l e  I I
W eight of 
sam ple

M a t e r i a l  A n a l y z e d  

CaCOs 
C a(O H )j 
CaH A sO i.H jO  
C a(O H ) 2 
Caj(AsC>4)j.8H20 
C a(O H )i 
CaHAsO<.HjO 
CaCOa 
C a(O H )j 
Ca a (AsO«J 2 . 8 H 1O 
CaCOa 
C a(O H )2 
C aH A s04.H 20  
C a3(AsO<)2.8 HjO 
CaCOa
C a(O H ) 2 (Various 

weights)

a T h e  w eights of calcium  hydroxide given under "W eig h t of sam ple” in 
T ab les I I  a nd  I I I  a re  on ly  approx im ations; the  figures given under "C a(O H )i 
p resen t”  were, how ever, calcu la ted  on th e  basis of th e  exact quantities.

Here the average error is about 0.02 per cent, which is well 
within the experimental limits.

Finally, experiments were made with three commercial 
samples of calcium arsenate, one of which (Sample A) was 
presumed to contain no free lime, another (Sample B) very 
little, and the third (Sample C) a considerable proportion of 
free lime, as judged by their reaction to an alcoholic solution 
of phenolphthalein. These samples were run alone, in mix
tures with lime, and in various combinations with each other,

P e r c en t C a(O H )i E rro r
Presenta Found P e r cent

9 . SI 9 .8 3 +  0 . 0 2

1 1 . 2 2 11.19 - 0 . 0 3

9 .8S 9 .9 0 + 0 . 0 2

10. S9 10.81 - 0 . 0 8

9 .61 9 .6 0 - 0 . 0 1

0 .0 0 0 . 0 2 + 0 . 0 2
1 .44 1.41 - 0 . 0 3
4 .0 6 4 .0 6 0 .0 0
5 .78 5 .7 3 - 0 . 0 5
7 .5 9 7 .5 6 - 0 . 0 3
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to see if the results on the mixtures agreed with the values cal
culated from the originals. The data obtained are given in 
Table III.

T a b l e  I I I  
R e a c t i o n  t o  A l c < 

h o l i c  P h e n o l *
PHTIIALEIN 

N o t alkaline
M a t e r i a l  A n a l y z e d  

Sam ple A
Sam ple A +  C a(O H )2 
Sam ple B
Sam ple B +  C a(O H )j 
Sam ple C
Sam ple C  +  C a(O H )i 

f A +  B
E qual m ixture  W +  C

I a + b + c

F a in tly  alkaline 

S trong ly  alkaline

C a(O H )i C a(O H ),
calc. found E rro r

P er cen t P e r  cent P e r cen t
0 .04

9 Ü 9 9 .1 5 - o !Ô4
0 .2 0

4 !éo 4 .5 6 - o !Ô4
8 .6 0

12 ! so 12.S3 +  o !Ô3
0 .1 2 0.09 - 0 . 0 3
4 .4 0 4 .3 3 - 0 . 0 7
4 .3 2 4 .2 4 - 0 . 0 8
2 .9 5 2.90 - 0 . 0 5

These results on commercial samples are seen to be 
practically as satisfactory as those obtained when mixtures 
made from pure compounds were used. There is a tendency 
toward slightly low values, which could probably be lessened, 
by more violent agitation during the titrations.

This method does not work so smoothly in the presence o f  
magnesium compounds, and all the experiments outlined 
herein were made with materials that were practically free 
from them. I t  is hoped that the method can be modified to 
include products containing magnesium compounds, since 
commercial calcium arsenates sometimes contain a sufficient 
amount of the latter to affect the results.

Copper as Reducing Agent in Iron Determinations1
By J. M . H endel

H u n t e r  C o l l e g e  o f  t h e  C i t y  o f  N e w -Y o r k , N e w  Y o r k , N .  Y .

COPPER gauze has been found very convenient in the 
reduction of ferric sulfate preparatory to titration 
by permanganate. I t  is rapid in action and requires 

no blanks, and is therefore of especial value to those who 
make iron determinations only occasionally.

The reductor consists of ordinary window screening of 
15-mesh cold-drawn copper gauze, cut into squares 4 cm. on 
a side and attached to a copper wire or a glass rod. I t  is 
immersed in the gently boiling ferric sulfate solution until the 
color of ferric iron has disappeared. After allowing 3 minutes 
more to insure complete reduction, the gauze is washed 
with a stream of water and removed. If a total area of 64 sq. 
cm. of gauze is used, 25 mg. of iron may be reduced in 8 minutes 
and 150 mg. in 15 minutes; with 32 sq. cm. of .gauze, 125 
mg. of iron require 30 minutes for complete reduction.

Commercial grades of copper gauze tha t are 99.8 per cent 
pure may be readily obtained. The gauze used in this work 
contained not more than 0.015 per cent iron.

The reaction may be represented by the equation:
Cu +  2 F e +++ =  C u ++ +  2 F e ++

However, the solutions titrated  immediately after reduction 
and cooling to room temperature gave results for iron 0.4 
per cent too high, probably due to the presence of cuprous 
ion, because the substance causing the high results was not 
removed by a stream of hydrogen. Aeration, however, 
always removed the source of error.

The stability of ferrous sulfate solutions toward oxidation 
by the air, even a t the boiling point, has been previously 
observed.2-3 In  the presence of small amounts of cupric ion, 
however, the aeration of hot ferrous sulfate solutions, normal 
in acidity, causes appreciable oxidation of ferrous ion. The 
rate of aeration was 1 liter of air in 5 minutes, the air being 
drawn from outside the laboratory, through absorbent cotton, 
and thence into the ferrous solution.

To secure correct results for iron, then, all reduced solutions 
were cooled to room temperature, made normal in acidity, 
and aerated for from 1 to 10 minutes, after which they were 
titrated with standard permanganate solution. Table I  
shows the results obtained with the copper reductor with 
various amounts of ferric sulfate and varying aeration 
periods. The reduction was carried out in 0.1 N  sulfuric 
acid, in a volume of 175 cc. The theoretical value for the 
iron was determined by careful reduction with the platinum- 
hydrogen reductor? and by the zinc reductor, followed by 
titration with permanganate.

1 Received Ju n e  2, 192-1.
* Hendel, D isserta tion , Colum bia U niversity , 1922.
* Baskerville and  S tevenson, J .  A m . Chem. Soc., 33, 1104 (1911).

T a b l e  I
A eration tim e Iron taken Iron  found Difference

No. M inutes M g. M g. M g.
1 3 24.65 24.62 - 0 . 0 3
2 5 24.65 24.67 + 0 .0 2
3 10 24.65 24.75 + 0 .1 0
4 3 101.0 101.0
5 5 101.0 101.0
6 10 101.0 100.9 - Ô  A
7 3 . 126.1 126.2 + 0 .1
8 5 126.1 126.2 + 0 .1
9 10 126.1 125.8 - 0 . 3

10 1 150.7 150.8 + 0 .1
11 1 150.7 150.7
12 3 150.7 150.3 -6!4
13 3 150.7 150.1 - 0 . 6

From the table it may be observed that for 25 to 125 mg. 
of iron, aeration from 3 to 10 minutes gives correct results.

The acidity during the reduction must be no more than 
0.25 N. Quantitatively complete reduction in 0.5 or 1 AT 
sulfuric acid was never obtained, even after 1 hour. In  all 
experiments described herein, however, the acidity during 
aeration and titration was normal.

The presence of titanium has no effect on the determination 
of iron. A hot solution of 56 mg. of titanium in 175 cc. of 
0.1 N  sulfuric acid was subjected to the reduction process 
for a half hour and titrated hot without previous aeration; 
0.32 cc. of 0.07181 N  permanganate was required, indicating, 
perhaps, traces of titanous ion, but more probably cuprous 
ion, formed by oxidation of copper metal in the hot acid. A 
hot solution of 5.5 mg. of titanium in 0.25 N  acid was then 
reduced for 10 minutes, cooled to room temperature, aerated 
for 3 minutes, and tested with permanganate; none was 
required. Finally, two solutions were reduced, which con
tained 126.1 mg. of iron and 2.3 mg. of titanium in 175 cc. 
of 0.25 N  acid. After reduction for 15 minutes and aeration 
of the cooled solution for 3 minutes, titration with perman
ganate showed, in one case, 126.1 mg., and in the other, 126.0 
mg. of iron.

Any titanous ion that may have been formed was therefore 
reoxidized in the aeration. This confirms the results of 
many previous experiments, which showed conclusively tha t 
aerating cold solutions containing ferrous and titanous ions 
results in oxidation of the titanous ion only.2

The copper reductor is being applied to the determination 
of iron in the presence of vanadium, and of vanadium in 
steels and other alloys. Preliminary experiments with 
molybdate solutions indicate other possible applications of 
copper as reducing agent.

The author wishes to express his appreciation to Miss 
Clara Adlerblum for her careful performance of the experi
mental work herein described.
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Continuous Conductivity Method of Measuring Small 
Concentration of Chlorine in Air1

B y T. B. H ine

C h e m i c a l  W a r f a r e  S e r v i c e , W a s h i n g t o n , D .  C .

THE method here described is one of several investigated 
in the attem pt to develop an instrument for continu
ous measurement of small concentrations of chlorine in 

air, to be used in field experimentation. The method soon 
appeared to be unsuited to field use and was, therefore, not 
investigated in much detail, but as it may have value in 
laboratory or plant control, especially as it can be used with 
other gases than chlorine, it seems worth while to present the 
results of the experiments.

Electrical conductivity methods of following concentra
tion changes of salts in liquids are well known, but the only 
extension of this method of measurement to gas analysis of 
which the author is aware is the determination of carbon di
oxide in air by passing it into barium hydroxide solution and 
measuring the decrease in conductivity of this solution. In 
the method investigated, air containing small amounts of 
chlorine is continuously and rapidly scrubbed with distilled 
water, which then flows through a conductivity cell. The 
electrical resistance of the cell is a function of the chlorine 
concentration in the air and serves as a measure of this 
concentration.

From the beginning it was realized tha t the success of this 
method depended upon obtaining a rapid, uniform, and fairly 
efficient method of scrubbing the air, since low concentrations 
and rapid fluctuations in concentration were desired. Sev
eral familiar types of scrubbers were tried, but most of them 
require too large a volume of liquid in the scrubber. For 
instance, with a small tower filled with glass beads, if the water 
is run through rapidly enough to wash it out thoroughly every 
few seconds, the ratio of the volume of air to the volume of 
liquid is too small to permit accurate determination of very 
small concentrations of chlorine in the air, but if the sensitivity 
is increased by running the water more slowly, the rapidity of 
response to concentration changes is lost. For the present 
purpose very rapid response to concentration changes was 
necessary, but for many cases of laboratory or plant control 
this is not necessary and consequently tower-type scrubbers 
might well be employed.

In all the experiments reported here a glass scrubber oper
ating on the principle of the Ceco sprayer was used. In this 
scrubber the water falling upon the center of a rapidly revolv
ing horizontal disk is thrown off to the sides in a thin sheet 
through which the air to be scrubbed must pass. I t  is quite 
an efficient scrubber and has the especial advantage tha t the 
volume of liquid in the scrubber a t any time is small and there 
is almost no resistance to gas flow.

E x p e r i m e n t a l 2

The chlorine and air were run through separate flowmeters 
and then mixed and led through a long coil of glass in a ther
mostat to the scrubber. The water was also passed through a 
long glass coil in the thermostat before entering the scrubber. 
The chlorine was obtained from a cylinder of liquid chlorine. 
No check on its purity was made but as the chlorine flow
meter was calibrated with the chlorine from the cylinder by 
titrating the iodine liberated from a potassium iodide solution

1 Received J u ly  9, 1924.
J T he experim ental w ork was begun under th e  supervision of th e  au th o r 

b y  D . H . P a rk e r an d  com pleted  b y  E . P . Cox w ith  th e  coSperation of Sim on 
K losky.

by the chlorine, the flowmeter reading gave the rate of flow 
of chlorine irrespective of the actual purity of the material in 
the cylinder. The concentrations of chlorine in the chlorine- 
air mixtures were calculated from the flowmeter readings, and 
the milligrams of chlorine per liter as reported are estimated 
not to be in error by more than 3 per cent.

Although it is desirable to use water of very low conduc
tivity since the results show tha t the sensitivity is greater 
with such water, it is not possible to use very pure conduc
tivity water as the water must be in contact with air. Several 
grades of distilled water were used in the course of the work. 
The best water used had a specific conductivity of 1 X 10-6 
reciprocal ohms at 25° C:, which compares with Kohlrausch’s 
best water in equilibrium with air of specific conductivity
0.8 X 10~6 reciprocal ohms at 25° C.

The electrical resistance was measured with standard 
equipment of high quality, but no effort was made to attain 
extreme precision, since in the low concentration range of 
interest here the precision was easily greater than the accu
racy of the gas concentration measurements required. The 
cell constant of the cell employed was 0.327.

With a fixed rate of gas and water flow and water of defi
nite purity, measurements are regularly reproducible. The 
effect of varying these conditions is shown in Fig. 1, where the

F i g . 1

electrical resistance of the solution flowing from the scrubber 
is plotted against the concentration of chlorine in the air being 
scrubbed for the conditions tabulated below:

A ir flow W ate r flow R esistance
Cc. per Cc. per T em p era tu re of w ater

C urve m inute m inu te ° C. Ohm s X 10*
I 500 100 25 156
I I 500 100 35 210
I I I 500 100 35 300
IV 500 100 25 300
V 650 120 30 300

The influence of the purity of the water used is very great, 
as may be seen by comparing Curves I  and IV or Curves II 
and III . The greater the initial resistance of the water the 
more rapidly its resistance decreases with increasing amounts 
of chlorine in the air, but it is not possible to use water of
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greater resistance than that of pure water in equilibrium with 
air. The sensitivity of the method is greater at lower tempera
tures, as is seen by comparing Curves I I I  and IV.

The sensitivity is dependent upon both the relative and 
absolute values of air and water flow, and this dependence is in 
turn a function of the scrubber and resistance cell construc
tion. The optimum conditions can be readily determined 
by experiment with a given apparatus. The greater the 
ratio of air to water flow the greater the sensitivity, but the 
absolute value of the water flow should be kept low since in

creased water flow greatly decreases the sensitivity. This is 
shown by Curve V, where, in spite of the increased air-water 
ratio, the sensitivity is much less than in Curve I I I  owing to 
the 20 per cent increase in water flow. When the water flow 
is decreased the time of response to a concentration change is 
lengthened; hence a compromise must be made for a given ap
paratus between sensitivity and time of response. In the 
experiments recorded here the time of response of the resis
tance change to the concentration change was between 5- 
and 10 seconds.

Laboratory Experimental W ork on Ester G um 1
By F. M . B eegle

T h e  G u d d e n  C o ., C l e v e l a n d , O h i o

SYNTHETIC ester gum 
is formed by the union 
of rosin with glycerol. 

Since the principal con
stituents of rosin are abietic 
acid and its anhydride, the 
reaction is essentially that 
of glycerol with abietic acid 
or its anhydride, whereby

Experim ents in the production of ester gum using both an open 
kettle and a partia lly  closed kettle proved that a partially closed kettle 
with a stack to condense the glycerol vapors was essential. After 
trying such catalysts as iron, copper, cobalt, aluminium, and wood 
oil, the latter was found to be the best when used in lim ited amounts.

Varnishes made from  ester of varying acid numbers were tested 
and it was proved that it is not necessary to carry the acid Value below 
14 to 18 in order to make a good Waterproof product.

one molecule of water is 
eliminated for each molecule of the acid combined with the 
glycerol radical.

CH 2 jOH H i OOC20H 29

I ' i n i
CH jOH +  H | OOC20H 29 =

CH 2 iOH H i OOC2oH29

CH 2OOC20H 2,
I

CHOOOC20H 29 +  3H 20

c h 2o o c 20h 28

In  the past, the method for removing the water of forma
tion, which is essential to the progress of the reaction, had been 
to treat in an autoclave under pressure. The water formed 
was converted into steam and escaped through a pop-off 
valve when the internal pressure became sufficient. In  an 
attempt to get away from this method which required an 
expensive installation of equipment, experiments were 
started to ascertain if it were possible to make ester gum in 
ordinary varnish equipment. Work was started in the 
laboratory with apparatus giving conditions similar to those 
obtained by using an open kettle and a partially closed kettle.

Se r ie s  I

In  order to secure a comparison between the open kettle 
and a covered kettle with a stack to act as a reflex condenser, 
500 grams of W. W. rosin and 62.5 grams of glycerol were 
weighed into each of two 1000-cc. beakers, and two 1000-cc. 
Florence flasks with necks 2.5 cm. (1 inch) in diameter and 
10 cm. (4 inches) long. Ten grams of aluminium foil were 
added to one beaker and one flask in order to determine if 
this metal had any catalytic effect on the reaction. All were 
heated to 271° G. (520° F.) in as nearly the same length of 
time as possible, and held a t about this temperature for 3 
hours. Samples were removed every half-hour and tested 
for acid number. This gave a measure of the progress of the 
reaction whereby the rosin with an acid number of 150 was 
changed into the ester which would have a theoretical acid 
number of zero.

1 P resented  before th e  Section of P a in t and  V arnish C hem istry  a t  the 
67th  M eeting of th e  A m erican Chem ical Society, W ashington , D . C ., April 
21 to 26, 1924.

The results of these ex
periments are given in 
Table I.

Experiments I I I  and IV 
proved beyond a doubt tha t 
a product of low acid num
ber cannot be made in an 
open vessel by this method. 
Experiments I and II  prove 
that a good product of low 

acid number can be made in a covered vessel with a short 
chimney to act as a condenser for the glycerol vapors. A 
comparison of the acid values leads one to believe tha t the 
reaction proceeds faster toward completion in the presence of 
aluminium.

T a b l e  I

-1 -liter flask---------■%. ✓--------- Open beaker--------- n
E x p t. I V  

10 gram s A1
8 2 .2

79! 9

E xpt. I Ë xpt. I I E x p t. I l l
Period N o A1 10 gram s A1 N o  A1

1 70.1 56 .0 97 .7
2 47 .0 38 .7 91 .3
3 36 .0 30 .2 90 .4
4 31 .0 23.4
5 24 .0 19.2
6 19.0 13.7

S e r ie s  II
The experiments of Series I I  were run to determine the cat

alytic effect of the metals, which could be used for making the 
kettles for the manufacture of ester gum, on the reaction and 
the resulting product. The vessels used were 1-liter glass 
flasks to which 10 grams of the various metals were added in 
the form of thin foil. The same reacting materials and pro
cedure were used as in Series I.

T a b l B  1 1

Period
E xp t. I 

Glass alone
E xp t. I I  

G lass-alum inium
E x p t. I l l  

G lass-copper
E x p t. IV  

Glass-steel
1 72 .5 5 6 .3 67 .4 30 .9a
2 42 .8 3 7 .0 4 2 .8 16 .3
3 31 .9 22.1a 2 9 .3 13 .0
4 24.7a 16.9 23 .9 11.4
5 19.5 13.3 21 .8a 15 .9

a P roduct clear a fte r cooling on glass.

A comparison of the acid values given in Table I I  indicates 
that steel has the greatest catalytic effect of all the metals 
used. While a product of low acid value could be secured in 
the shortest time in a steel vessel, this advantage is offset by 
the disadvantage that the rosin acids attack the iron and give 
a very dark-colored product. I t  is also interesting to note that 
after a low acid value is obtained in the presence of this metal, 
the material starts to break down again and the acid number 
increases.

Alum inium  has a greater ca ta lytic  action  on the reaction 
than copper and also the advantage of yielding a m uch lighter
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and clearer product. From this series of experiments it can 
be safely concluded that the ester should be made in an alu
minium rather than a copper vessel, in order to secure a 
clear product and a low acid number in a given time.

The effect of the metals on the speed of reaction is repre
sented graphically in Fig. I.

Tim e in hours a fte r reaching 2710 C. (520° F.)

A c t i o n  o f  M e t a l s  o n  S p e e d  o p  E s t é r i f i c a t i o n

G ram s G ram s
X  Alum inium  foil 10 A  Lead ace ta te  5
O  Steel foil 10 A  C obalt su lfa te  5
iEl Copper foil 10

S e r i e s  I I I

Series I I I  was run in order to determine the effect of the 
ra te  of heating on the speed of reaction and also to ascertain 
>the best time to add the glycerol to the rosin.

T a b l e  I I I
•Aluminium foil in all flasks. 500 gram s W . W . rosin, 62.5 gram s glycerol 

T em pera tu re  271° C. (520° F.)

ÎPeriod
12
3
4
5
6

F a s t heat 
51 min. to 

freach 271° C.
8 3 .0
4 1 .0  
3 0 .5  
24 .7  
17 .2  
12 .4

Slow heat 
41 m in. to  

reach 271 ° C.
7 3 .5
4 0 .0  
28 .3
1 9 .5 '
15 .6
12.0

F a s t heat 
Glycerol added  a t  

177° C. (350° F .) 
8 0 .5  
4 5 .9  
34 .4  

F lask  broke

The acid values shown in Table I I I  indicate that the 
tim e required to attain 271° C. (520° F.) has little effect on 
the speed of reaction after the first half-hour period; also that 
there is only a slight difference between adding the glycerol 
to the rosin a t the start or after the rosin has been melted. 
However, the difference is in favor of adding both to the 
kettle atonce. These results are shown graphically in Fig. II.

S e r i e s  IV
The fourth series was run to determine the effect of adding 

wood oil or the driers, lead acetate and cobalt sulfate, on the 
speed of esterification.

T a b l e  IV
•Alum inium  foil in all flasks. 500 gram s W . W. rosin, 62.5 gram s glycerol 

T em pera tu re  271° C. (520° F.)
5 gram s lead 5 g ram s cobalt 28 gram s wood

Period A lum inium ace ta te sulfa te oil
1 56 .3 4 1 .9 4 3 .2 4 1 .9
2 37 .0 22 .1  a 23 .4a 2 6 .0
3 22.1a 14 .3 13.6 17.1a
4 16.9 10.4 12 .0 12 .5

Lead acetate, cobalt sulfate, and wood oil all speed up the 
reaction to a marked degree. The presence of lead in the ester 
gum would.be objectionable if it were to be cooked in oil for 
any length of time, and if a light-colored product were de
shed. The cobalt sulfate gave a dark-colored product. 
The ester made with wood oil was equal in clearness to that 
made in the presence of aluminium alone. The wood oil was 
as good a catalyst as the previously mentioned materials, 
had the advantage of being a normal constituent of any var
nish, and had no apparent objectional qualities. ^

S e r i e s  V

Series V was run to determine the quantity of wood oil that 
could be used to best advantage.

T a b l e  V
Alum inium  foil in all flasks. 500 gram s W. W . rosin, 62.5 gram s glycerol 

T em p era tu re  271° C. (520° F.)

Period Alum inium 14 gram s
--------w o o d  O i l ---------

28 gram s 57 gram s
1 6 7 .5 60 .7 5 0 .8 34 .2
2 37.1 3 2 .8 2 8 .0 17.9a
3 2 3 .4 18.6a 17.3a 12.4
4 18.7a 13 .6 12 .7 9 .7
5 14 .8 10 .5 9 .S 8 .4
a C lear on glass a fte r cooling.

that wood oil had a decided catalytic effect 
on the esterification reaction and that by using 57 grains 
of wood oil to 500 grams of rosin a product of lower acid 

be secured in 1.5 hours than in 2.5 hours in the 
the oil. The gum produced is very slightly 

color, is not sticky, and could be stored very satis
factorily in the same manner as the raw rosin. The results 
of this series are represented graphically in Fig. III.

E s t e r i f i c a t i o n  i n  P r e s e n c e  o f  W o o d  O i l

Since wood oil speeds up the reaction so decidedly, it was 
thought advisable to attem pt to esterify the rosin in the pres
ence of sufficient wood oil to make a 95-liter (25-gallon) 
varnish. The procedure was as follows:

1160 grams of W. W . rosin and 160 grams of glycerol were added 
to the flask at the sam e tim e, together w ith 2268 grams of

Tim e in hours a fte r reaching 271 °C . (520° F .)

■ P ro d u ct c lear on glass after, cooling.

A c t i o n  o f  R a t e  o f  H e a t i n g  o n  S p e e d  o f  E s t e r i f i c a t i o n  
X H eated  to  271° C. as rap id ly  as possible (17 min.)
O  H eated  to  271° C. slowly (41 min.)

H eated  to  177° C. before adding  glycerol, curve betw een X  and 0 .
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A c t i o n  o f  W o o d  O i l  o n  S p e e d  o f  E s t e r i f i c a t i o n  
X W ith o u t oil
O  14 gram9 oil in 500 gram s rosin 
0  28 gram s oil in 500 gram s rosin 
A  57 gram s oil in 500 gram s rosin

wood oil. T he contents were heated to  520° F. as rapidly as 
possible. Sam ples were rem oved every 15 m inutes, after reach
ing 271 ° C. (520° F .), and their acid value determined.

Acid value calcu lated  on 
basis of no volum e due 

Period Acid value m ixture  to  wood oil
1 3 5 .4  9 0 .0
2 2 6 .2  6 5 .5
3 20 .1  5 0 .5
4 1 6 .2  4 0 .5
5 14 .0  3 5 .0

Apparently this is too much oil, because the reaction is 
slowed down to a great extent. The actual acid number of the 
rosin present was greater in this experiment a t the end of 2.5 
hours than at the end of the first half-hour period, when only 
57 grams of oil were present in 500 grams of rosin.

W a t e r  T e s t

Series of ester gums were now' made up, using 1000 grams 
W. W. rosin, 125 grams glycerol, 10 grams aluminium foil, 
and 113 grams of wood oil, attaining acid numbers 6, 11, 15, 
22, and 30. Each ester gum of this series was made up into 
a varnish.

I t  was interesting to learn that the rate of bodying of the 
oil is in direct proportion to the acid number of the ester gum. 
The ester gum with an acid value of 6 bodied very rapidly, 
while the one with an acid value of 30 bodied slowly.

Thirty cubic centimeters of white enamel drier were 
added to about 1 liter of each of the above varnishes, after 
which they were flowed on glass panels, air-dried 64 hours, 
then immersed in water for the water test.

Their drying time and order of waterproofness is as follows:
G l i d d e n  E s t e r  V a r n i s h  

D ry ing  tim e O r d e r  o f
Acid value H ours W a t e r p r o o f n e s s

6 7 )
11 7 > UnafTected
15 7
22 7 1 S light w hitening  on  th e  fa tty  edges
30 7 J

All the varnishes made from esters with acid values from 
6 to 30 are very waterproof and the only sign of whitening 
after standing in water 4 days is along the fatty  edges of 22 and

30. As a result of this series of tests the writer advises mak
ing an ester gum with an acid value anywhere between 10 and 
18. While an ester with an acid value as low as 4 or 5 might, 
prove better in a long endurance test under water, it is his-, 
opinion that this advantage is offset by the greater time re-- 
quired to make this low acid ester, with consequent loss in  
color, and by the increased difficulty in manipulating the wood! 
oil with it.

C o n c l u sio n s

1—A good grade of ester gum can be made without vacuum 
or pressure.

2—-The vessel in which ester gum is made must have a 
tight-fitting cover, with a stack in the center sufficiently long 
to act as a reflex condenser for glycerol vapors and a t the 
same time short enough to permit the water vapor to escape 
before condensation.

3—A clear product can be best obtained by using an alumin
ium kettle.

4—Aluminium has a catalytic action on the esterification 
reaction, and hence a kettle of this metal will help increase 
production.

5—Wood oil increases the speed of reaction. By use of 1.5 
gallons per 100 pounds rosin a lower acid number can be se
cured in 1.5 hours less time than without it.

6—The higher the acid number of the ester gum, the more 
it retards the bodying of wood oil.

7—Any ester with an acid number ranging from 6 to 30 
will produce a good waterproof varnish when used in connec
tion with wood oil. This being the case, it is not believed 
advisable to carry on the esterification reaction beyond an acid 
value of 20 because of the time consumed and the darker 
product secured.

8—Heating the wood oil for an ester gum varnish a t any 
temperature between 232° and 321° C. (450° and 600° F.) 
until the proper body is secured does not affect the waterproof 
properties of the varnish.

E nforcem ent of N av al Stores A ct Begun
Work on the enforcement of the N aval Stores A ct has been 

begun by the Bureau of Chem istry under an appropriation of 
$10,000 which was made during the last session of Congress and  
became effective on July 1.

The N aval Stores A ct provides th a t the Secretary of Agri
culture
* * * shall exam ine, if practicable, upon request of any  in te rested  person, 
an y  naval stores and shall analyze, classify, or g rade th e  sam e on ten d er of 
the  cost thereof as required by  him , under such regu lations as he m ay  p re
scribe. He shall furnish a certificate showing th e  analysis, classification, or 
grade of such naval stores, which certificate shall be p rim a facie evidence of 
the  analysis, classification, or grade of such naval stores and  of th e  con ten ts  
of any  package from which the  sam e m ay  have been tak en , as  well as of the  
correctness of such analysis, classification, o r grade and  shall be adm issible 
as such in any court.

A request for analysis, classification, or grade of any lo t of 
naval stores shall be made in writing, on a special form, to  the  
Bureau of Chemistry or to the nearest N ava l Stores Inspector. 
The charge for examining turpentine is fixed a t $2 for each sam ple, 
with 4 cents per package additional for m aking; classifying, 
grading, and marking rosin, 10  cents per package, w ith a m ini
mum charge of S I ; with costs of traveling in addition, when this  
is necessary.

The Secretary of Agriculture is authorized to  purchase from  
time to tim e samples of spirits of turpentine and of anything  
offered for sale as such, for the purpose of analysis, classification, 
or grading and of detecting any violation of the Act.

Application for analysis, classification, and grading of turpen
tine, or forms provided for the purpose, obtainable on request, 
may be made to the Bureau of Chemistry, W ashington, or to  S. W. 
Ahlmann, U. S. Food and Drug Inspection Station, Governm ent 
Bldg., Cincinnati, Ohio, or to C. E . Sm ith, R oom  1301, 15 M oore  
St., N ew  York, N . Y. Application for the classification and  
grading of rosin should be made only to the bureau or to M r. 
Smith.
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Purification of Methylethyl Ketone by Sodium Iodide1
By H . L. Lochte

U m v B R s r r r  o f  T e x a s , A u s t i n , T b x a s

TECHNICAL methylethyl ketone is one of the cheap 
organic chemicals, while the pure ketone is a compara
tively expensive material. This fact is not surprising 

to persons who have tried to purify technical methylethyl 
ketone by the usual sodium bisulfite method.

Shipsey and Werner2 describe a method of purifying ace
tone by dry distillation of its sodium iodide addition com
pound. This method has been employed frequently since 
and has proved satisfactory although the rather low tempera
ture required for a good yield requires considerable time. I t  
is now found that methylethyl ketone may be purified even 
more conveniently by the same method.

The impure methylethyl ketone boiling between 70° and 
77° C. is placed in a round-bottom flask and connected to a 
reflux condenser. The flask is heated in a water bath and 
enough sodium iodide added to leave a small amount undis
solved after refluxing for an hour. The saturated solution is 
rapidly filtered through a hot-water funnel. The addition 
compound crystallizes out on cooling the solution to room 
temperature. To improve the yield of crystals, the solution 
may be cooled by an ice bath but it is not necessary to cool with 
a  freezing mixture as in the case of the corresponding acetone 
compound. The mass of white needles is then separated 
from the remaining liquid by filtering through a Büchner 
funnel without filter paper. The solid product is next placed 
in a round-bottom flask connected with a short fractionating 
column and a condenser. On heating in a water bath the 
crystals melt at 73° to 74° C. and pure, moist ketone dis
tils over. Toward the end of the distillation the boiling 
point gradually rises to about 77° C., but only a small amount 
distils over above 76° C. The ketone is dried in the usual 
manner. The residual salt or aqueous solution of iodide 
may be used for subsequent runs after driving over some, 
but not all, of the water. In a series of trial runs in 
which both the ketone and the sodium iodide had been care
fully dried, no addition compound crystallized out, even on 
cooling to —10° C. by means of a salt-ice freezing mixture. 
A small amount of moisture is sufficient to permit the isola
tion of a small yield of crystalline product, but moisture 
enough to form the dihydrate of sodium iodide seems to be 
required for a maximum yield. This phase of the problem, 
as well as the determination of the vapor pressure and other 
physical constants, is being taken up by members of the 
department of physical chemistry of this university.

A n a l y s i s  o f  A d d i t i o n  C o m p o u n d

The analysis of the addition compound presents some 
difficulty, since the vapor pressure of ketone from the crystals 
is rather high and the substance is hygroscopic. The fact 
that no compound could be isolated in case carefully dried 
materials were employed made it difficult to obtain samples of 
compound not contaminated with dihydrate. A tentative 
formula for the compound was determined by means of a 
series of- volatile m atter determinations from a large number of 
different samples of material. The results show that, by 
varying conditions, mixtures may be obtained ranging in 
composition from pure sodium iodide dihydrate with 19.4 
per cent volatile m atter to practically pure N al.C JL O  with 
32.43 per cent. The latter may most easily be obtained by

1 Received June  25, 1924.
5 J .  Chent. Soc. (London) , 103, 1255 (1898).

analyzing the first crystals obtained on cooling a mixture of 
iodide and ketone containing less than 5 per cent water. 
Three such samples gave 31.45,31.32, and 31.60 per cent vol
atile matter. Since no higher values were obtained, the tenta
tive formula assigned seems justified, in spite of the fact that 
the corresponding acetone derivative has been assigned the 
formula Nal.SCiHsO.2

E x p e r i m e n t  w i t h  O t h e r  K e t o n e s

Diethyl ketone yields a small amount of crystalline product 
if treated with sodium iodide under the conditions previously 
outlined, but no crystalline compound could be obtained in 
experiments in which methylhexyl and methylnonyl ketones 
were employed instead of methylethyl ketone. Even in the 
case of diethyl ketone the small yield did not justify further 
study of the reaction. The only ketone that might be expected 
to interfere with the sodium iodide method of purification of 
methylethyl ketone is acetone. Experiments show that, if the 
mixture has been fractionated so that the boiling point lies 
within the limits indicated in this article, the common impuri
ties encountered in the purification of methylethyl ketone do 
not interfere with this method.

Y i e l d

The yield of ketone that may be obtained under laboratory 
conditions varies between 10 and 20 per cent of original 
ketone per run. Since the iodide as well as the filtrate or 
uncombined ketone may be used over and over, the total 
yield may be raised to about 75 per cent of the original 
amount of ketone. I t  is usually more convenient to obtain 
the desired quantity of ketone by making a.few runs on large 
batches and recovering the uncombined part as technical 
ketone rather than making a large number of runs on a small 
batch. The iodide may be used an indefinite number of 
times, depending on the purity of the crude ketone.

D r y i n g  M e t h y l e t h y l  K e t o n e

The ketone obtained by this method is dried by the same 
methods as that obtained by the sodium bisulfite method. 
Although the use of calcium chloride is usually recommended 
as drying agent, experiments show tha t there is considerable 
loss due to the formation of an addition compound with the 
ketone. Probably because.of mechanical interference by a 
layer of this compound, the product obtained from calcium 
chloride is usually not quite dry. Anhydrous copper sulfate 
was found to be best suited as a drying agent for small 
amounts of ketone.

C o m p a r i s o n  o f  U n t r e a t e d  a n d  P u r i f i e d  P r o d u c t s

Finally, the product obtained by the sodium iodide method 
was compared with the untreated ketone and with a sample of 
methylethyl ketone purified by means of the bisulfite method. 
The results in the table show that pure methylethyl ketone 
may be prepared cheaply and conveniently by dry distilla
tion of its sodium iodide addition product.

T a b l e  I
D en sity  Boiling 

f. a t  po in t Pressure
S a m p l e  D ried  by  M2D5 3 4 ° /4 °  C. ° C. mm.

Technical CuSO . 1 .3780 0 .787  77 to  7S 745
Purified by N a r  - CuSO. 1.3775 0 .8 0 2  77 to  7 8 .5  745
Purified by  bisulfite . .  1.3780 0 .803  77 to 7 9 .5  745
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Effect of Certain Metallic Soaps on the Drying of Raw 
Linseed Oil1,2

By L. L. S teele

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

LEAD, manganese, and cobalt and combinations of 
these metals in the form of their soaps are the com
monly used driers for linseed and other drying oils. 

Iron and copper are two other metals which may be intro
duced through the heat treatm ent of a drying oil in kettles 
made from one of these two metals. In addition, iron has been 
used as a drier in the manufacture of black varnishes.

In this paper data are presented on the comparative effects 
of different proportions of these five metals and combinations 
of them on the drying time of raw linseed oil.

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

Fused metallic resinates were selected as a convenient 
form of the respective metals for introduction into raw lin
seed oil. They were prepared by customary methods,3 so 
that only a brief description of their preparation is necessary.

The resinates were prepared by the fusion of water-white 
rosin with the acetates of lead, manganese, cobalt, and copper 
and freshly precipitated ferric hydroxide made from elec
trolytic iron containing less than 0.01 per cent manganese. 
The metallic acetates were C. P. reagents.

The lead resínate was fight amber in color and contained 
6.73 per cent of lead. The manganese resínate was amber 
colored and contained 2.93 per cent of manganese. The cobalt 
resínate was ruby colored and contained 3.29 per cent of 
cobalt. The copper resínate was deep emerald in color and 
contained 4.16 per cent of copper. The iron resínate was very 
dark brown and contained 2.76 per cent of iron. All these 
resinates dissolved to a clear solution in benzene, exccpt iron, 
which showed traces of sediment.

P r e p a r a t i o n  o f  S a m p l e s  C o n t a i n i n g  D i f f e r e n t  
A m o u n t s  o f  D r i e r

A clear sample of raw linseed oil with an iodine number of 
191, which conformed to the requirements of Bureau of Stand
ards (Circular 82, 2nd ed., U. S. Government Specification for 
Linseed Oil), was selected for use in all the drying tests. 
Stock samples of oil containing definite percentages of metal 
were prepared by incorporating the necessary amount of the 
respective metallic resínate in a weighed quantity of oil. 
The resínate and oil were heated to 150° C., thoroughly 
shaken, and allowed to cool. In  this way thorough mixing 
was obtained without an appreciable alteration of the oil 
through heat treatment. Portions of these different stock 
solutions were diluted with definite amounts of raw linseed 
oil to give a series of samples with decreasing percentages of 
metal. These samples were all kept in tightly corked tubes, 
the air in which had been displaced by carbon dioxide to pre
clude any preliminary oxidation of the oil.

D e t e r m i n a t i o n  o f  D r y i n g  T i m e  o f  S a m p l e s

The linseed oil samples containing definite percentages of 
metals were flowed in streaks approximately 2 inches wide on 
thoroughly cleaned window-glass plates measuring 6 by 8

1 R eceived A pril 14, 1924. P resen ted  before th e  Section of P a in t and  
Varnish C hem istry  a t  th e  67th  M eeting  of th e  A m erican Chem ical Society, 
W ashington, D . C ., A pril 21 to  26, 1924.

J Published b y  perm ission of th e  D irecto r, U . S. B ureau  of S tandards.
* E ducational B ureau  of th e  P a in t M anu fac tu re rs ' A ssociation of the  

United S ta tes , Circular 120; Seeligm ann and  Ziecke, “ H andbuch  der Lac- 
und F irn isindustrie ,"  p. 701.

inches. The excess oil was drained by inclining the plates 
at an angle of approximately 45 degrees to the vertical for 15 
minutes, the bottom edge wiped off, and the plates laid in a 
horizontal position. The drying tests were made in an evenly 
heated laboratory, free from combustion or chemical fumes, 
and lighted by northern exposure. A recording thermometer 
of the wet and dry bulb type yielded data concerning any 
fluctuations in temperature or humidity. The average rela
tive humidity during the drying tests was 40 per cent, with a 
variation from 36 to 43 per cent, with the exception of one 24- 
hour period when the relative humidity reached 49 per cent. 
The average day temperature during the drying period was 
23.3° C. (74° F.), with a variation from 22.2° to 23.9° C. (72° 
to 75° F.), while the average night temperature was 20° C. (68° 
F.), with a variation from 18.9° to 20.5° C. (66° to 69° F.l.

The oil films were tested a t regular intervals, approximately 
in the center, 2.5 cm. (1 inch) from the top. The oil was con
sidered to be dry when the finger could be drawn lightly over 
the surface at an arbitrarily chosen point without marring it. 
Fairly definite end points could be obtained with the rapid

I?IG< x— E f f e c t s  o f  D i f f e r e n t  P e r c e n t a g e s  o f  L e a d , C o p p e r , I r o n  
M a n g a n e s e ,  a n d  C o b a l t  o n  t h e  D r y i n g  o f  L i n s e e d  O i l

drying oil mixtures; with the slow drying samples the exact 
length of time for the film to become dry could not be de
termined with a high degree of accuracy. I t  should be em
phasized that this method for the determination of the drying 
time involves a considerable personal element, but the data 
presented are intended chiefly to show the relative catalytic 
drying effects of the five metals and combinations thereof.
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F i g . 4 — E f f e c t  o f  L e a d  o n  D r y i n g  o f  S a m 
p l e s  o f  L i n s e e d  O i l  C o n t a i n i n g  C o p p e r  a n d  
I r o n

All the data on the drying effects of the different metals and 
their combinations on linseed oil are shown in graphic form in 
Figs. 1 to 5, inclusive.

D i s c u s s i o n  o f  D a t a

From Fig. 1 it appears tha t neither copper nor lead resinate 
alone is an efficient drier for raw linseed oil. Of the five 
metals studied, copper is the only one th a t shows any marked 
increase in drying effectiveness with decrease in concentra
tion. Iron seems to approach manganese and cobalt in 
effectiveness when used in comparatively high concentrations. 
The excessively dark color of the iron solutions would be a 
serious objection to their use. Cobalt appears to be somewhat 
more effective than manganese in concentrations ranging 
from 0.3 to 0.03 per cent; below this concentration these 
metals seem to be nearly equal in their catalytic action, 
which begins to diminish rapidly a t this point with further 
decrease in concentration. There seems to be practically 
no advantage in the use of more than 0.05 per cent of either 
manganese or cobalt to dry linseed oil.

At a concentration of 0.05 per cent of metal, taking cobalt 
as 100, the relative catalytic effects of the other metals studied 
would be, roughly, manganese 46, iron 17, copper 13, and lead 
6.5.

From Fig. 2 it is seen that if lead is added to samples of 
linseed oil containing cobalt in the proportion of 3 parts of 
lead to 1 part of cobalt, there is very little added catalytic 
effect when the concentration of cobalt is above 0.02 per cent. 
Lead in the same proportion seems to add effectiveness when 
cobalt is present in concentrations approximating 0.02 per 
cent. A greater concentration of lead adds catalytic effect 
in a marked degree to small concentrations of cobalt. With

F i g . 2 — E f f e c t  o f  L e a d  o n  D r y i n g  o f  S a m 
p l e s  o f  L i n s e e d  O i l  C o n t a i n i n g  C o b a l t

F i g . 3 — E f f e c t  o f  L e a d  o n  D r y i n g  o f  S a m 
p l e s  o f  L i n s e e d  O i l  C o n t a i n i n g  M a n g a n e s e , 
a n d  E f f e c t  o f  S m a l l  A m o u n t s  o f  C o p p e r  o n  
S a m p l e s  o f  L i n s e e d  O i l  C o n t a i n i n g  L e a d  a n d  
M a n g a n e s e
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0.1 per cent of lead present, an amount of cobalt as small as 
0.005 per cent dries linseed oil in less than 12 hours. A more 
extended study of the effect of different concentrations of lead 
on small concentrations of cobalt is desirable.

From Fig. 3 it is seen that if lead is added to samples of 
linseed oil containing manganese in the proportion of 3 parts 
of lead to 1 part of manganese, there is a marked increase in the 
catalytic drying effect. A sample of linseed oil containing 
0.01 per cent of manganese is changed in drying time from 85 
to 24 hours by the addition of 0.03 per cent of lead.

The addition of small amounts of copper to an oil containing 
lead and manganese appears to have no appreciable effect 
upon the drying time. This point is of interest because of the 
possible entrance of copper into linseed oil which has been 
heat-treated in a copper kettle.

From Fig. 4 it is seen that if lead is added to samples of 
linseed oil containing iron in the proportion of 3 parts of lead 
to 1 part of iron, there is no appreciable increase in the cata
lytic drying action. In  no case did samples of linseed oil con
taining 0.1 per cent of lead and 0.02 , 0.01, and 0.005 per cent 
of iron, respectively, dry in less than 35 hours. This fact 
indicates that iron cannot be classed with manganese and co
balt in catalytic drying action.

The addition of lead to samples of linseed oil containing 
copper in the proportion of .3 parts of lead to 1 part of copper 
seemed to have a marked retarding effect upon the drying 
time. In  a similar manner, larger amounts of lead with com
paratively small amounts of copper did not produce an effec
tive catalytic drying action.

Fig. 5 shows in a marked way the large increase in drying 
effect obtained by the addition of relatively small percentages 
of manganese to'samples of linseed oil containing different 
percentages of lead.

There appears to be no advantage in using more than 0.05 
per cent of lead in combination with 0.01 per cent Of manga
nese or more than 0.1 per cent of lead in combination with 
0.005 per cent of manganese.

In conclusion, it should be emphasized tha t the data shown 
in the paper apply to the relative drying effects of certain 
metals and combinations of these metals when incorporated 
with raw linseed oil in the form of metallic resiiiates. The 
effect of heat treatment during incorporation of the different 
metals in the manufacture of a true boiled linseed oil has not 
been considered. Such heat treatment might have a very 
considerable modifying effect on the catalytic action of the 
five metals studied.

Silicon in Aluminium-Silicon Alloys1
By John D. Gat

405 S e c o n d  S t. ,  N . W ., C a n t o n , O h i o

AN ANALYTICAL chemist who deals with this class of 
alloys is sometimes a t a loss when his results do not a- 
gree, and although all probable variables have been kept 

practically constant, he frequently desires considerably more 
accuracy. The general rule in such a case is to attribute the 
discrepancies to the lack of uniformity of the sample. Though 
the lack of uniformity in the aluminium-silicon series is some
times very pronounced, a wrong assumption seems to be re
sponsible for devising the methods now in general vogue, and 
which are therefore inherently inaccurate.

In textbooks of inorganic chemistry and, to the author’s 
knowledge, in all treatises on analysis, it is generally stated 
that so-called “graphitic” silicon obtained in the course of 
analysis cannot be oxidized to silicon dioxide by ignition and 
remain unaffected when treated with a mixture of hydro
chloric, nitric, and sulfuric acids generally used for decompo
sition of the sample. During some investigations on the 
microstructure of aluminium-silicon alloys undertaken in 
this laboratory, certain lack of coordination between the struc
ture of metal as seen under a microscope and the results of 
analytical determinations led to a closer study of the proper
ties of silicon, especially its graphitic variety, and resulted in 
two statements, the accuracy of which was proved:

1— Graphitic silicon is oxidized to silicic acid when heated with 
a mixture of hydrochloric, nitric, and sulfuric acids.

2— Graphitic silicon rapidly oxidizes when subjected to the 
temperature and for the length of tim e necessary for dehydra
tion of silica. T he am ount of oxidation is closely related to the 
telnperaturC and tim e of ignition.

In other words, the amount of graphitic silicon in a certain 
alloy is not a definite quantity, but a function of the composi
tion and amount of acid mixture used for solution of the 
sample, temperature, and time of ignition. With a considera
ble degree of certainty the theory may be advanced that in

1 Received M arch  3, 1924.

an alloy silicon is present in a state which, after proper 
treatment, will yield 100 per cent of its graphitic variety. 
The fact that some silicon dioxide is always present finds its 
explanation in the oxidizing power of the factors entering a 
routine analysis, which is sufficiently intense to convert par
ticles of silicon that are very minutely divided—as, for exam
ple, in solid solution—into silicic acid during the compara
tively short time used in an ordinary analytical determina
tion.

If, being powerless to increase materially the concentration 
of the acids employed, we intensify other variables affecting 
oxidization, such as time and temperature of ignition, we shall 
observe in a given sample a gradual transformation of the 
ratio of silica to graphitic silicon. The percentage of silica will 
be continuously increasing and, under proper conditions, no 
graphitic silicon will be present. The intensity of the nec
essary conditions is in close relation to the silicon content of 
the sample, comparatively little depending on the heat 
treatment to which the alloy is subjected.

I t  is quite impossible to consider the amount of silicon in a 
given sample present in the graphitic state as an absolute 
value. If no standardization of analytical procedure is made, 
the results obtained will be in inadmissible discord. If all 
details are carefully standardized and closely adhered to, one 
may be sure of the amount of graphitic silicon, but for a dif
ferent set of conditions, a different value will result.

Microscopic examinations and study of cooling curves 
support the theory that silicon is present in alloys in one 
modification, graphitic silicon, which as such, instead of being 
an ingredient the presence of which may indicate certain 
properties of the alloy, becomes just an undesirable complica
tion in analytical work.

A method was devised which eliminates from considera
tion graphitic silicon and, without being long or elaborate, 
gives dependable data for routine determinations:
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Place a 0.5-gram sample of well-mixed borings in a 50-cc. iron 
crucible and add 2 grams of solid sodium hydroxide. Cover w ith  
a watch glass and m oisten w ith 1 cc. of water. W hen the violent 
action ceases, add 9 cc. of water, place on a hot plate, and heat 
for 30 minutes. A t the beginning the liquid boils rapidly, but 
later, when m ost of the water has been expelled, no ebullition is 
observed. W ithout cooling, transfer the contents of the crucible 
into a porcelain evaporating dish. R inse the crucible carefully 
with water, 35 cc. of acid mixture, and then w ith water again. 
Collect the washings in the evaporating dish into which the m elt 
was transferred. Evaporate to dryness and fume strongly for 
5 m inutes. Cool, take up w ith 50 cc. of sulfuric acid (1 :1 0 ) and

boil until the solution is com plete. F ilter on ashless filter paper. 
Wash at least six tim es w ith water. Ignite in a platinum  cruci
ble and weigh. Add a few drops of sulfuric acid, about 20 drops 
of hydrofluoric acid, evaporate carefully on edge of a hot plate, 
and ignite. The difference in weight will give the am ount of 
silicon present expressed as Si02 .

To prepare acid mixture, mix in the order given, 300 cc. sul
furic acid (specific gravity 1.84), 300 cc. water, 300 cc. hydro
chloric acid (specific gravity 1.19), and 100 cc. nitric acid (specific 
gravity 1.42).

B lanks for deduction should be run on reagents used.

Effect of Iron Oxide Pigments on Rate of Oxidation of 
Linseed Oils1

B y F. H . R hodes, C. R . Burr, and P . A. W ebster  

C o r n b u , U n i v e r s i t y ,  I t h a c a ,  N .  Y .

TH E effect of certain 
paint p ig m e n ts  on 
the rate of drying of 

linseed oil has been studied 
by Rhodes and Van W irt.2 
This investigation, how
ever, was confined to the 
study of the effects of vari
ous white paint pigments,
and no attention was paid to the iron oxides or to any of the 
other colored pigments. In  view of the great importance 
and the extensive use of the iron oxide pigments, it was thought 
advisable to make the study of the effect of these pigments the 
subject of a separate investigation. The present article 
describes the results obtained with various typical iron oxide 
reds and with black oxide. The work on the yellow and brown 
iron pigments is as yet incomplete.

M a t e r i a l s

The materials used in this work were pure, refined linseed 
oil from North American seed, lead linoleate paste drier, and

The red iron oxide pigm ents lend first to retard and then to ac
celerate the oxidation of linseed oil in pain t film s. P artia lly  hy
drated iron oxide is more active than is the anhydrous oxide, 
while the presence of calcium carbonate in the pigment renders it 
less active in accelerating the oxidation. Black >ron oxide is a 
relatively inert pigment, although it retards slightly the oxidation of 
the oil.

P r o c e d u r e

representative iron oxide pigments obtained from various 
manufacturers. The linseed oil showed the following analy
sis:

Specific g rav ity  a t  15.5° C ...........................  0 .934
R efractive index a t  25° C .............................  1.4803
Acid n u m b er....................................................... 0 .473
Saponification n u m b er.................................... 193.3
Iodine n u m b e r...................................................  173.

The analyses of the various pigments employed are shown in 
Table I.

1 Received June  1 7 , 1 9 2 4 .
2 T h i s  J o u r n a l , 1 5 , 1 1 3 5  (1 9 2 3 ).

The apparatus used and 
the procedure followed in 
determining the rate of oxi
dation of the oil in the pres
ence of the pigments were 
essentially similar to those 
described by Rhodes and 

Van W irt.2 Paints were prepared by grinding together 
two parts by weight of the pigment to be studied and three 
parts by weight of the vehicle. In  each case the vehicle was 
prepared by dissolving in the linseed oil a sufficient quantity of 
lead linoleate paste (17 per cent lead) to contain an amount of 
lead equivalent to 0.2 per cent by weight of the oil. The paints 
were allowed to stand in sealed containers for a t least 2 weeks 
before use. Weighed samples were then spread on cloth and 
exposed to an atmosphere of pure oxygen a t 30° C., and the 
rate of absorption of oxygen and the rate of evolution of vola
tile m atter were measured. The rate of oxidation of the ve
hicle alone (linseed oil with 0.2 per cent lead) was determined

in a similar manner. In each case at least two determina
tions were made with each paint. The individual deter
minations gave results which agree with each other within the 
limits of experimental error.

R e s u l t s

The results are shown graphically by the accompanying 
curves, in which the amounts of oxygen absorbed and the 
amounts of volatile m atter evolved (each expressed in terms, 
of percentage by weight of the oil in the paint) are plotted.
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against the lengths of time of exposure. For each pigment 
there is plotted only one curve, depicting the average re
sults of the two or more check determinations. On each 
diagram the graphs for the rate of absorption of oxygen by the 
vehicle alone and for the rate of evolution of volatile matter 
from the vehicle alone are shown for purposes of comparison. 
These graphs are drawn as dotted lines.

I n d ia n  R ed  (Fig. 1)—This pigment first retards and then 
increases the rate of absorption of oxygen by the vehicle. 
The initial retardation does not seem to be due to the mere 
physical effect of the pigment in increasing the thickness of 
the film and preventing rapid diffusion of oxygen into the mass, 
but to a specific effect of the iron oxide in accentuating the 
initial period of induction of the oxidation reaction. One 
hypothesis which may explain this effect is that the finely 
divided ferric oxide absorbs some of the lead drier and thereby 
lowers the concentration of this catalyst in the oil. The 
subsequent acceleration of the oxidation is probably due to the 
reaction of the iron oxide with some component of the vehicle 
or with some oxidation product of the oil, with the resulting 
formation of a salt or soap of iron which acts as a drier. In 
this respect Indian red appears to behave somewhat like 
Carter white lead.2

duced during the 2 weeks’ period of aging to which the paints 
were subjected before being exposed. That such was not the 
case is apparent from the form of the oxidation curve; the 
driers are formed after the oxidation starts. Apparently, 
therefore, the iron oxide reacts with certain acidic oxidation 
products formed during the drying of the oil. Of course it is 
possible that in a highly acid, unrefined oil iron driers may 
be formed in the paint before it is exposed to air.

B r ig h t  O x id e  (Fig. 2)—In general form this oxidation 
curve resembles that obtained with Indian red, but the effect 
of the pigment in promoting the oxidation of the oil is much 
more pronounced than in the case of the Indian red. The 
“bright oxide” also more markedly increases the rate of evo
lution of volatile matter. The differences in the amounts 
of iron oxide or in the amounts of impurities in the two reds 
are, at first glance, hardly sufficient to explain the difference 
in their effects on the oxidation. I t  will be observed, however, 
that the “bright oxide” contains a relatively large amount of 
combined water, while the Indian red contains but very 
little moisture. Apparently, the partially hydrated ferric 
oxide of the “bright oxide” is much more reactive and forms 
iron driers much more readily than does the more nearly 
anhydrous ferric oxide of the Indian red.

P i g m e n t  
Ind ian  red 
B right oxide 
Spanish red oxide 
Red oxide 
Tuscan rede 
V enetian red 
Black oxided

FcîOj 
P er cent 

98 .77  
93 .30  
87 .92  
86 .52  
14.75 

9 .24  
96.96

o Loss on d ry ing  3 hours a t  105° C. 
Includes organic m a tte r.

SiO* 
P e r cent 

0 .83  
1.10 
6 .93  
6 .57  
0 .1 3  
1.22 
1.10

BaSOi 
P e r cent

6 .55

T a b le  I

aii03 
P er cent

1 .55
0 .70
3 .27
0.22

Free C om bined
MnO CaCOi MgCOa CaSOi H îO HtOfr

P er cent P er cent P er cent P er cent P e r cen t P e r cent
0 .15 0 .46 0 .1 0
0.75 0 .5 2 0 .77 3 .84
0.21 1.01 0 .3 9 1.38
0.31 5.88 0 .5 0 0 .31
0.11 6Í46 2 .85 3 .65
0.43 85^93 l ’.Ol 0 .79 1.27
0 .75 o! 52 0 .77 3 .84

c C ontains a  considerable am ount of a  red  organic coloring m atte r. 
d C alcula ted  as FeaO«.

If compounds of iron which act as driers in the oxidation of 
linseed oil were formed by the direct action of the ferric oxide 
on the oil itself, we should expect these compounds to be pro-

S pan ish  R ed  O x id e  (Fig. 3)—This gives results quite 
similar to those obtained with Indian red, although the initial 
inhibitory effect is somewhat more pronounced. The Span-
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ish oxide contains a considerable amount of combined water 
and might be expected, from analogy with the “bright oxide,” 
to show a much more marked drying action than does the 
Indian red. The Spanish oxide, however, contains a small 
amount of calcium carbonate, while the “bright oxide” is free 
from such basic impurity. I t  is reasonable to suppose that the 
calcium carbonate would tend to neutralize some, a t least, 
of the acidic products of the oxidation of the oil and would 
thus decrease or prevent the formation of the iron drier.

R e d  O x i d e  (Fig. 4)—This effect of calcium carbonate in 
inhibiting the drying action of the iron oxide is exhibited even 
more markedly in the case of the red oxide. This pigment, 
which contains 4.88 per cent of calcium carbonate, gives a 
paint the oxidation curve of which is very nearly identical 
with the curve for the oxidation of the vehicle alone.

T u s c a n  R e d  (Fig. 5)—With the Tuscan red the effect of 
the pigment in decreasing the initial rate of oxidation of the 
oil is very slight. This might be expected, for this pigment 
contains only a relatively small amount of ferric oxide. The 
ferric oxide present, however, is in a rather highly hydrated 
and very active form, so that the iron driers are formed 
readily and the pigment shows a very pronounced accelerating 
effect shortly after the beginning of the period of exposure.

V e n e t i a n  R e d  (Fig. 6 )—This pigment gives results that 
are quite consistent with those obtained with the preceding

pigments. Because of the low percentage of ferric oxide in 
the Venetian red the initial inhibiting effect on the oxidation 
is very slight, while the large amount of calcium carbonate 
in the pigment prevents the formation of any iron drier 
during the drying of the oil.

B l a c k  I ron O x i d e  (Fig. 7)—This decreases the rate of 
oxidation of the oil throughout the whole period of drying. 
The initial retardation, however, is not nearly so pronounced 
as in the case of Indian red. The black oxide appears neither 
to adsorb the lead drier to a marked extent nor to react with 
the oil to form iron driers. To a certain extent the black 
oxide resembles lithopone in its effect on the oxidation of 
linseed oil.

C o n c l u s i o n s

The results obtained in this investigation justify the fol
lowing conclusions:

1—Tl'.e iron oxide reds (including Tuscan red and Venetian 
red) tend first to inhibit and then to accelerate the oxidation 
of linseed oil containing lead drier. The initial inhibiting 
action may be due to the adsorption of the lead drier by the 
pigment, although we have no direct experimental evidence to 
support this hypothesis. The subsequent accelerating ac
tion is due, presumably, to the formation of small amounts 
of ferric compounds which are soluble in the oil and which 
act as driers.

2—The formation of the iron driers takes place during the 
drying of the oil and is due to the interaction of the pigment 
with acidic products formed during this oxidation.

3—Iron oxide reds tha t contain partially hydrated ferric 
oxide are much more active in accelerating the oxidation of 
the oil than are the more nearly anhydrous oxides.

4—The presence of basic substances—as, for example, 
calcium carbonate—tends to prevent the formation of iron 
driers during the drying of paints containing iron reds, and 
thus prevents the pigments from exhibiting their normal 
effect in accelerating the reaction.

o—Black oxide shows only a slight effect in inhibiting the 
initial oxidation of the oil, and displays no tendency to react 
with the oil to form iron driers.

Things Not Known about Rubber
The souvenir number of the In dia  Rubber Journal, which 

commemorates its fortieth anniversary and which was issued 
August 2, 1924, contains the following among "M ore Things 
N o t Known about Rubber.”

W hat happens when raw  rubber "freezes?”
W hy is frozen rubber opaque and  thaw ed  rubber transparen t?
W hy do basic substances have an  accelerating and  acidic substances a 

re ta rd ing  effect in vulcanization? (A sim ple rubber-su lfu r m ixture  is here 
in mind.)

C an rubber particles in latex  be subdiv ided— i. e., fu r th er dispersed?
C an vulcanized rubber, o r crude rubber, o r bo th , be stabilized to  such an 

ex ten t th a t  de te rio ra tion  or "perish ing" shall be no g rea te r th a n  in th e  case 
w ith m etals, such as gold o r alum inium , o r w ith  organic substances, such as 
horn, leather, wood, and  the  like?

W hy is rubber th a t  is k ep t in use—i. e., m echanically worked— less liable 
to  deterioration  th a n  rubber th a t  rem ains quiescent?

Does rubber possess coarse— i. e., nonm olecular— stru c tu re , and, if so, 
how does th is  s tru c tu re  bear on th e  m echanical properties?

O r are th e  properties of ru b b er explainable solely by  v irtue  of its  m olecular 
constitu tion  and  the  grouping of the  molecules to  form  definite aggregates?

W hy do finely divided, insoluble com pounding ingredients reinforcc 
rubber?

W hy have th e  tw o forms of finely d ivided carbon—-viz., lam p black and  
gas black— such widely different effects on rubber in which they  are com 
pounded?.

T o  w hat ex ten t does flocculation really  occur am ong th e  particles of the 
com pounding ingredients in rubber a fte r vulcanization?

W hy does sy n th e tic  ru b b er age m ore rap id ly  th a n  n a tu ra l rubber?
W h at a re  the  effects of (a) a ir, (&) light, and  (c) tem pera tu re  in the  natural 

aging of vulcanized rubber?
W hy does vulcanized ru b b er age less rap id ly  in m oist a ir than  in very dry 

air?
How  m any  o th e r factors affect the  aging qualities of m anufactured 

rubber?
W hy do th e  soluble serum  substances of latex  offer such g rea t resistance 

to  rem oval in w ashing latex  rubber?
W hat a lte ra tion  in the  m olecular or colloidal s tru c tu re  of ru b b er occurs in 

the  softening of rubber by  milling or by  heating?
T o  w hat ex ten t is the  effect of softening ru b b er by h e a t com parable with 

th a t  of softening b y  milling?
T o  w ha t ex ten t is th e  action  of a tm ospheric oxygen an  im portan t factor 

in the  softening of ru b b er by  milling?
Are the  g rea t differences observable betw een th e  resistance of milling of 

various n a tu ra l rubbers^ caused by  differences in  th e  rubber hydrocarbon 
o r by  differences in the  noncaoutchouc— e. g., pro tem — substances present?

W hat is th e  exact na tu re  of th e  physical a lte ra tion  in rubber on vulcani
sa tio n ?  . .

W hen will i t  be possible to  produce “ raw ” ru b b er from vulcanized 
scrap  by  to ta l rem oval of th e  free and  uncom bined  su lfu r and  th e  fillers?

E xactly  w hat happens when ru b b e r swells o r "d issolves” in a  liquid?
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Aluminium in Alloys1
By Dorothy H . Brophy

G e n e r a l  E l e c t r i c  C o . ,  S c h e n e c t a d y , N .  Y .

THE increasing use of aluminium in alloys called for the 
development of a simple and rapid method for the 
analysis of this metal. The phenylhydrazine and phos

phate methods were found too long and too difficult to 
be handled by inexperienced workers. Moreover, these 
methods could be used only in certain separations. Where 
it was necessary to remove aluminium from nickel, the 
basic acetate method had to be used, separating the iron and 
aluminium together, followed by a volumetric determina
tion of the iron.

Copper, iron, nickel, manganese, chromium, zinc cobalt, 
tin, bismuth silver, lead, and cadmium2 may be deposited 
electrically on a mercury cathode in dilute sulfuric acid solu
tion. Aluminium and titanium will be found in the electro
lyte. In  the development of this method, we were interested 
only in the separation of aluminium from copper, iron, 
nickel, manganese, and chromium.

M e t h o d

Only sulfate solutions can be used. The synthetic solu
tion of iron, nickel, and aluminium containing five drops 
of concentrated sulfuric acid in a volume of 100 cc. was 
transferred to a 150-cc. electrolysis beaker with about 0.63 
cm. of mercury a t the bottom. A current density of 1 am
pere 6.25 sq. cm. was found to be the most satisfactory 
for the rapid removal of the metals without heating the so
lution too much. A constant stirring a t the rate of 600 
r. p. m. was maintained. In  45 minutes no trace of iron or 
nickel was found in the electrolyte. The clear liquid was 
siphoned off, using a suction flask and washing the mercury 
with 150 cc. of distilled water while the current was still on.

The aluminium was then precipitated as aluminium 
hydroxide in a volume of 100 cc. M ethyl red was used as an 
indicator. The neutralization with the ammonia must be 
done very carefully, since aluminium hydroxide is soluble in 
ammonium hydroxide.3 The precipitate was filtered while 
hot, washed several times with hot water, dried, and ignited 
in a weighed platinum crucible to AI2O3.

Samples were analyzed, using the procedure just described. 
About 1.5 hours were required for a complete analysis. Four
teen-hundredths gram of iron and 0.14 gram of nickel were 
added to each sample.

T a b l e  I
✓— A l u m i n i u m — >
T ak en  Found  E rro r
G ram s G ram s M g.
0 .1095  0 .1095  0 .0
0 .1107  0 .1111 + 0 .4
1.0583 0 .0581 - 0 . 2
0 .0620  0 .0604 + 0 .2
0 .0804  0 .0804 0 .0
0 .0735  0 .0736 + 0 .1
0 .0719  0 .0719 0 .0
0 .0962  0 .0966  + 0 .4
0 .0300  0 .0299  - 0 . 1
0 .0213 0 .0213 0 .0
0 .0220  0 .0215  - 0 . 5

A n a l y s is  o f  A l l o y s

Twenty-five hundredths to 0.3 gram samples of the alloys 
containing iron, nickel, chromium, manganese, and aluminium 
were dissolved in 5 cc. of concentrated hydrochloric acid,

1 Received M ay 10, 1924.
7 Sm ith, "E lec tro -A nalysis ,”  P . B lak iston 's  Son & Co., 1907.
* Blum, J .  A m . Chem. Soc.. 38, 1282 (1916).

10 cc. of water, and a few drops of nitric acid. Then 5 cc. of 
concentrated sulfuric acid were added and the solution was 
evaporated to fumes of sulfur trioxide. When cool, 20 cc. of 
water were added, the solutions were heated to dissolve and 
neutralized with ammonia. The solution was diluted to 100 
cc. with water, then treated with five drops of concentrated 
sulfuric acid and electrolyzed for 45 minutes. The colorless 
electrolyte was siphoned off and the aluminium precipitated 
as previously described. The amount of aluminium in these 
alloys varied from 1.00 to 12.00 per cent, and in every case the 
oxide was pure white and no trace of iron, chromium, or 
nickel could be found. Some of the results are indicated in 
Table II.

T a u l k  I I  
/— A l u m i n i u m — %

Alloy G ram s P er cent
1114 0.0111 0 .9 3

0.0092 0 .S9
24 0.0264 9 .5 0

0.0195 9 .5 3
9 0.0231 11.13

0.0234 11.21
30 0.0321 10.98

0.0328 11.11
1 0.0348 5 .42

0.0282 5.30

If the alloys contain silicon, Si02 separates upon sulfuric 
acid dehydration and must be filtered before the electrol
ysis is made. Titanium, if present, remains jwith alumin
ium and must be determined colorimetrically in the ignited 
oxides. The mercury used for the cathode may be replaced 
after each electrolysis or may be used until it has absorbed 
approximately 0.6 gram of iron and 0.6 gram of nickel. When 
used too long, it becomes stiff and blistered on the surface and 
will not absorb any more metal.

The procedure for the separation of aluminium in alloys 
containing copper, iron, manganese, nickel, and aluminium 
differs only in the solution of the sample. About 0.3-gram 
samples were dissolved in 10 cc. of (1:1) nitric acid and 0.5 
cc. of hydrochloric acid, then evaporated with 5 cc. of con
centrated sulfuric acid. In electrolysis copper separates at 

•once on the mercury, but with alloys containing 65 per cent 
nickel in 0.25 to 0.3-gram samples it may take 1.5 hours to 
remove the last traces of nickel. In  every case the AI2O3 is ob
tained pure white, free from the other metals. Some of the 
results are indicated in Table III.

T a b l C I I I  
/--------A l u m i n i u m -------- *

A l l o y G ram s P e rc e n t
1 0 .0085 0 .81

0.0026 0 .8 5
2 0.0059 1 .95

0.0058 1.91
3 0.0072 2 .8 4

0.0073 2 .88
19 0.0072 2 .8 0

0.0071 2 .81
16 0.0089 3 .5 2

0.0089 3 .51
23 0.0065 2 .93

0.0077 3 .0 2

Chem ical Society Form ed in In d ia
The Indian Chemical Society has been formed w ith head

quarters a t Calcutta. Sir P. C. R ay is the president; J. L. 
Simonsen and G. J. Fowler, vice presidents; P. C. N utter, treas
urer; E. R . W atson, editor.

The first issue of the Journal of the Indian Chemical Society 
was scheduled to appear in August.
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Vitamin Potency of Cod-Liver Oils1
IX —Oil Produced by the Rotting Process

B y Arthur D . H olm es

T u b  E . L .  P a t c h  C o . ,  B o s t o n , M a s s .

DURING practically 
the entire Christian 
efa, fish-liver oils 

have been used for medici
nal purposes. Until very 
recently, these liver oils 
were manufactured by the 
so-called “sun-dried” or 
“rotting” process. In brief, 
this process consists of allowing fish livers to decompose until 
the liver tissues have been weakened sufficiently to release the 
liver oil. Owing to its lower specific gravity, the oil rapidly 
rises to the top of the mass, where it is bailed off.

This method of separating oil from the livers of cod, hake, 
haddock, pollock, or other fish producing fat-rich livers 
has certain commercial advantages. I t  requires no atten
tion and no equipment other than a barrel, which possibly 
explains its use even up to the present time.

The average fish-liver oil produced by the rotting process is 
high in free fatty  acids and contains fat-soluble decomposi
tion products which possess undesirable odors and flavors. 
The quality of the best grade oil, the light brown oil, produced 
by the short-time rotting process, may be greatly improved by 
chemical treatment.

The fa tty  acids can be removed, and the objectionable color, 
flavor, and odor materially decreased by decolorizing, deodor
izing, and alkali-washing 
processes. Considered from 
the standpoint of energy 
value, renovated oils would 
be as valuable as oils ren
dered from fresh livers.
Since at the present time 
medicinal cod-liver oils are 
administered principally as 
a source of fat-soluble vi
tamins, the question natu
rally arises as to whether 
liver oils produced by the 
rotting process have a 
potency equal to tha t of oils 
produced from fresh livers.
I t  was for the purpose of 
securing information in this 
connection tha t the experi
ments discussed herein were 
undertaken.

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

To provide freshly ren
dered and rotted oils from a 
common source the author 
obtained a supply of pollock

1 Preseht,ed'before th e  Division 
of C hem istry  of M edicinal P ro d 
uc ts  a t  th e  6 ? th  M eeting  of the  
A m e r i c a n  C h e m i c a l  Society,
W ashington,' D . C .,-A p r il '2 1 'to  
26. 1924.

livers from fish tha t had 
been out of the water only a 
few hours. These livers 
were cut into two parts and 
divided into two lots so that 
each lot contained a lobe 
from each liver. One lot 
of livers was re n d e re d  
promptly under laboratory 

conditions. The second lot was put in an earthen crock and 
placed on the roof of a four-story building exposed to sunshine, 
storms, and fluctuating temperature.

When the livers had rotted 4 months, a sample of oil was 
removed for experiment purposes. After the livers had been 
exposed to the weather for another 4 months, a third sample of 
oil was obtained. The samples of freshly rendered oil, the oil 
from livers rotted 4 months and from livers rotted 8 months 
were analyzed by the usual laboratory methods. The re
sults are reported in the table.

C h e m i c a l  a n d  P h y s i c a l  C h a r a c t e r i s t i c s  o p  P o l l o c k - L i v b r  O i l s

✓--------------------R o t t e d ----------- *
F resh  oil 4 m on ths 8 m onths

Specific g rav ity  0 .9210  0 .9296 0 .9548
R efractive  index 1 .4775 1 .4787 1.4795
Saponification value 187 .3  186 .4  2 0 6 .S
Iodine value 151.4  142 .3  112.9
F ree  fa t ty  acid 1 .3 %  1 4 .9 %  2 3 .3 %

The figures for specific gravity, refractive index, and
s a p o n if ic a t io n  value of 
the three oils under test 
increased as the rotting 
process proceeded. The
iodine number was mate
rially lowered as decomposi
tion progressed. The effect 
of the rotting process was 
particularly noticeable in 
the formation of free fatty 
acids, for the free fatty acid 
content of the oils from 
livers rotted 4 and 8 months 
was 14.9 and 23.3 per cent, 
respectively, as compared 
with 1.3 per cent for the 
freshly rendered oil.

To secure information 
c o n c e rn in g  the vitamin 
potency of these oils, three 
comparable series of tests 
were made with laboratory 
animals. All the animals 
were produced by the same 
b re e d in g  colony. Their 
diet during the experimental 
period was identical with 
that described in earlier 
papers,2 and consisted of 
purified casein 18 per cent,

2 J . Metabolic Research, 2,131 
(1922); 3 ,5 8 5  (1923).

Three liver oils were prepared from  the same lot of livers, one from  
fresh ly rendered livers, the second from  livers rotted 4  months, and the 
third from  livers rotted 8 months. The chemical and physical charac
teristics of the three oils were determined and compared. The vita
m in potency of the oils was studied under comparable experimental 
conditions, and it was foun d that the vitam in potency of the oils de
creased as decomposition progressed.
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peanut oil 22 per cent, cornstarch 28 per cent, milk sugar 28 
per cent, and salt mixture 4 per cent, supplemented by a 0.2-' 
gram tablet of dried brewer’s yeast daily.

When the physical condition of the experimental animals 
indicated tha t their body reserve of vitamin A had been ex
hausted, they were divided into three groups and their diet

was supplemented with varying amounts of the freshly ren
dered oil, oil from livers rotted 4 months, and oil from livers 
rotted 8 months. The accompanying charts supply detailed 
data concerning the change in body weight and the food in
take of the experimental animals.

In the tests of the vitamin potency of the freshly rendered 
oil (Chart 35), seven animals were fed amounts of oil vary
ing from 0.21 to 2.42 mg. daily. One ra t (No. 241) was able 
to do slightly more than maintain his body weight on as little 
as 0.21 mg. of the oil daily. The remainder of the animals 
receiving from 0.42 to 2.42 mg. of oil daily grew rapidly.

Six animals were used to determine the vitamin potency of 
the oils from livers rotted 4 months. Comparing the results 
of these tests (Chart 36) with those obtained with the freshly

rendered oil, it is found that approximately three times as 
much of the oil from the livers rotted 4 months were required 
to produce the same growth as with freshly rendered oil.

Of the seven animals fed the oil from livers rotted 8 months 
(Chart 37), not a single animal was able to complete the 
45-day experimental period, even though the amount of oil

that they were fed in one instance exceeded 6 mg. daily. 
Comparing these results with those obtained with the freshly 
rendered oil, it is evident that this oil contained less than 
one-twelfth of the vitamin potency possessed by the freshly 
rendered oil.

C o n c l u s i o n :

From these results it is evident that fish-liver oils produced 
by the rotting process do not have as high vitamin A potency 
as oils produced from fresh livers. This conclusion is in ac
cordance with the generally accepted belief of cod-liver oil 
manufacturers that the highest grade of cod-liver oil is ob
tained when strictly fresh livers are promptly rendered under 
carefully controlled rendering conditions.

Calendar of Meetings
American Chemical Society— 68th M eeting, Ithaca, N . Y ., 

September 8 to 13, 1924.
The Franklin Institute— Centenary Celebration, Philadelphia, 

Pa., Septem ber 17 to  19, 1924.
American M ining Congress— Sacramento, Calif., September 29 

to October 4, 1924.
American Electrochem ical Society— Detroit, Mich:, October 2 

to 4, 1924.
American Ceramic Society— Los Angeles, Calif., October 6 and 

7, 1924.

American Institute of Chemical Engineers— Pittsburgh, Pa., 
December 3 to 6 , 1924.

Third Pan-American Scientific Congress— Lima, Peru, D ecem 
ber 20, 1924.

American Association for the Advancement of Science— W ash
ington, D . C., December 29, 1924, to January 3, 1925.

National Chemical Equipment Exposition and American Institute  
of Chemical Engineers— Providence, R . I., June 22 to 27, 
1925.
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Crude Rubber Testing—Rate of Cure1
By C. W. Sanderson

T h e  F i s jc  R u d d e r  C o . ,  C h i c o p e e  F a l l s , M a s s .

f’ T  IS highly desirable to adopt a m ethod for the determ ination  
of the rate of cure of crude rubber which will perm it of this 
property being determined by one cure in contrast to that 

where a series of cures is made. I t  is possible to do this, but in 
order that the lim itations of the m ethod m ay be understood  
the principles w ill be explained in some detail.

As soon as it  was recognized that samples of rubber did vary  
in tim e of cure, it  was realized that the determ ination of the  
proper cure was essential, not only as a guide to adjustm ent 
necessary when putting the rubber into use, bu t also as a basis 
for comparing the other properties of the rubber. T he term  
‘‘optim um  cure” has by common usage com e to mean th a t cure 
to  which the rubber should be vulcanized to  compare its prop
erties w ith other samples. The optim um  cure as determined by  
the different m ethods has usually been selected as th a t cure 
which will show the properties— particularly tensile— of the  
sample a t their best. One m ethod largely used, especially in 
this country on account of our m ethod of testing by the straight 
test piece, consists of curing over a range of cures and of compar
ing samples on the basis of the cure which gives the highest 
tensile. Another modification consists of selecting the highest 
product of tensile tim es elongation. In  either case the cure 
giving the highest figure determines the rate for the sample.

F 1 0 /J 9 A T /0 H

This m ethod has the disadvantage of requiring several cures, 
and also the greater objection due to  the fact th a t the determ i
nation depends on the breaking figures, the uncertainty of which  
is well recognized.

1 P a r t  of rep o rt of th e  C rude R u b b er C om m ittee  p resented  before the  
D ivision of R u b b er C hem istry  a t  th e  67 th  M eeting  of th e  A m erican Chem ical 
Society , W ashington , D. C ., A pril 21 to  26, 1924.

Another method, which also is subject to  modifications, de
pends for its determ ination on th e  stress-strain curve rather 
than on the end point. T he fundamental properties of the stress- 
strain curves for a rubber-sulfur mix were expounded by Schid- 
rowitz .2 He later3 amplified this and gave a m ethod of determin
ing the “correct cure.” D e Vries has developed this principle 
into a m ethod which is essentially th at recommended here, 
except that the standard point has been changed slightly.

On referring to Fig. I, which shows a typical set of curves for 
a mix of 100 rubber-10 sulfur cured at 141° C. (40 pounds steam), 
it  w ill be noted that the change in position of the curve is pro
portional to the change in  tim e of cure. This does not hold true 
for the markedly undercured or the overcured regions of the 
curves, and it  does not hold true for m ixes of low  sulfur content, 
but it does hold for the mix used to the extent th a t the state of 
cure is shown by the position of the curve. Assum ing for the 
m om ent that the curves for different rubbers w ill coincide for 
the sam e state  of cure, it  is only necessary to choose a standard 
curve, make one cure, plot it, and by its distance from the 
standard estim ate the tim e of cure necessary to make it  give a 
cure falling on the standard. The standard m ay be chosen more 
or less arbitrarily, but is usually designed to represent a cure 
quite close to that giving the maximum tensile, provided a suf

ficiently large number of tests are m ade to determ ine this tensile 
accurately.

The problem is not quite so simple as outlined, however. 
Sehidrowitz showed th a t different grades of rubber did not give

> Rubber In d .,  1914, 212.
> J .  Soc. Chem. In d ., 38, 347 (1919).
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parallel curves (in the upper portions) a t equivalent cures, and 
that a t equivalent cures the elongation at a given load for one 
sam ple m ight be lower than for another. This is illustrated in

X  aO/iMT/tn

Fig. II. Here we have a series of cures for a very low grade of 
rubber. I t  is obvious that the cure representing the optim um  
for the low-grade rubber will go through a point of very much 
lower elongation for a given load than will the optim um  cure for 
a high-grade rubber, and it would be necessary, therefore, to 
have a different standard point for such a rubber. Theoretically, 
it would be necessary to have a different standard point for each 
different slope. In actual practice, however, D e Vries, for ex
ample, considers it  unnecessary to work to such accuracy, 
particularly because variation of slope large enough to be con
sidered in this connection occurs quite rarely and only in very  
low-grade rubber.

The slope is determined conventionally by Schidrowitz by  
taking the elongation at a load of 1.04 kg. per sq. mm.

minus the elongation at 0.60 kg. and dividing by 2.5. This, of 
course, is purely conventional, but is much simpler than the  
actual determination of the slope. The figure should be de
termined on all samples, for reasons which will be shown, even  
though one is not working to the accuracy of allowing for different 
standard curves or points for different slopes. W hile it is true 
that the slope does vary slightly for different cures, it  is suf
ficiently accurate to determine the figure on any te st within, 
say, 1 hour of the standard. The figures for slope found by  
D e Vries vary from 35 to 38 on the first grades and run up to as 
high as 50 in rare cases on lower grades. As stated  by D e Vries, 4 

"high figures for slope, such as 42 and more, generally indicate 
a rubber which on keeping becomes tackey.” Therefore, to 
determine if the sample falls within the grade represented by the  
standard, the slope should always be obtained .5

R e c o m m e n d e d  M e t h o d

A single cure of 3 hours at 1410 C. (Fig. IV) is run on the sample 
mixed in the proportion 100 rubber to 10 sulfur. T he pieces 
are tested by any of the usual methods to get the full strcss-strain  
data, so that the full curve m ay be,draw'll. Usually, four pieces 
are sufficient, and the results are averaged and one curve is 
plotted (Fig. III). The slope is then determined in this curve 
by subtracting the per cent elongation at 386 kg. (850 pounds), 
which equals 785, from the per cent elongation a t 672 kg. (1480 
pounds), which equals 870, and dividing b y  2.5, the result being 
34. (These figures are chosen to compare w ith, those of Schid

rowitz.) The distance from the standard point is then de
termined. For the standard point an elongation of 850 per 
cent a t a load of 840 kg. (1850 pounds) has been, taken. (This 
compares w ith D e Vries’ figures of 890 per cent a t 1.30 kg., or 
1850 pounds per square inch.) The distance of the 3-hour cure 
from this point is found to  be 4.5 units on the per cent elongation

« " E s ta te  R u b b er,”  p . 470.
9 F o r fu r th er deta ils  in regard  to  th e  m ethods ind icated  above see Schid

rowitz, footnote 3; W hitby , " P la n ta tio n  R u b b er ,” p. 340; De Vries, 
"E s ta te  R ubber,”  chap ters  17 and  IS.
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scale. B y  taking results from a large number of tests, it has been 
found that a difference of cure of 60 m inutes produces a  m ove
m ent of 13.5 units. Therefore, b y  proportion, since the 3-hour 
curve is 4 .5  units from the standard, the difference of cure neces
sary to bring this rubber to the standard is 20 minutes. For 
im portant tests and for a check it is well to cure another sample 
a t the estim ated cure and see how closely it  agrees w ith  the  
standard.

In applying this m ethod it should be borne in mind that the 
test is suggested sim ply as a means of determining the tim e of 
cure. I t  is not intended to discuss other qualities in this paper. 
I t  should also be recognized that in using this m ethod it is neces
sary to choose certain arbitrary points, and in these there m ay 
be some difference of opinion. For example, curing a rubber to 
an elongation of 850 per cent a t a  load of 840 kg. (1850 pounds) 
represents a technically overcured rubber. The argument for a 
lower cure is that it  will better correspond w ith technical practice, 
while the argument for the cure as used in this paper is that the  
rubber is cured to a state  where the full properties are shown to 
best advantage. Looking at it in this w ay w e are only interested  
in its properties for test purposes, and its deterioration w ith  age 
m ay be determined in a separate test if desired .6

W hen this work was started by the Crude Rubber Com m ittee, 
it was thought advisable to cure the tests a t 141° C. (40 pounds 
steam  pressure), and the foregoing explanation is carried out on  
that basis. After the first preliminary work, however, it  was

4 C om m ents on th is poin t a re  given by  De Vries, Ind ia  Rubber J .,  61, 87 
(1921).

recognized that there was no essential difference in the character 
of the curve, whether cured at 141° C. (40 pounds) or 148° C. 
(50 pounds), and, therefore, in order to save tim e it was decided 
to use the 148° C. (50 pounds steam  pressure) as a standard for 
testing practice on this formula. The comparison between  
141° C. (40 pounds) and 148° C. (50 pounds) cures is shown in 
Figs. IV  and V. On Fig. V, Curves A , C, and E  represent the  
cures a t 141° C. (40 pounds), while B, D , and F, the  cures at 
148° C. (50 pounds). A lthough the corresponding cures do not 
quite coincide, they  were considered to be close enough to  illus
trate that the rubber did not behave essentially different a t the 
high steam  pressure. Fig. IV shows the behavior of these cures 
on accelerated aging test, and this also shows that the 148° C. 
(50 pounds) cure behaves essentially the sam e as the 141° C. 
(40 pounds) cure.

Another point to be recognized is that the m ethod as outlined  
is really a short cut and should not be applied unless the principle 
back of it  is understood. N o  one should start out to use the 
m ethod w ithout first running test sam ples a t several cures, in 
order to  determine the extent to which the curve is advanced 
by increased cure. I t  is well also to secure a sam ple at the 
estim ated standard to check the determination.

It m ay be found that for the grades other than first quality 
rubbers it  will be necessary to choose different standards depend
ing on the slopes of the samples. This point is n o t gone into in 
detail in this paper, as it  can be worked out by any one familiar 
with the method, and m ight confuse the explanation of the prin
ciples given here.

A Pioneer in Pure Foods and Drugs1
Lewis C. Beck, A.B., M.D.

By L. F. Kebler

E u r e a u  o p  C h e m i s t r y ,  W a s h i n g t o n , D. C , .

T H E  Com m ittee on Agriculture, of the House of Represen
tatives, on January 13, 1830, reported the following reso
lution:

Resolved, T h a t the  Secretary  of th e  T reasu ry  cause to be p repared  a  well- 
digested m anual, containing th e  best practical inform ation  on the  cu ltiva tion  
of sugar cane, and  the  fabrication  and  refinem ent of sugar, including the  m ost 
m odern im provem ents; and  to  repo rt th e  sam e to  th e  nex t session of Con
gress.” (.House Journal, 21st Cong., 1st Sess., p. 157.)

The resolution was laid on the table, called up on January 25, 
and, after som e debate, agreed to w ithout division. [Debates in  
Congress, 6 , 554 (1830).] In August, 1832, Dr. Benjam in Siliiman  
was engaged to do the work. Several other chem ists collab
orated in the investigation; among them  m ay be mentioned
C. U. Shepard and J. B. Avequin. T he report entitled "M anual 
on the Cultivation of the Sugar Cane and the Fabrication and 
Refinement of Sugar” was subm itted in M ay the following year. 
A thousand copies of 122 pages were printed. These workers 
appear to be the first chem ists employed by the United States 
Government to study some of its agricultural production prob
lems.

The first chem ist to be engaged under a specific appropriation  
by Congress to m ake chemical analyses and study the adultera
tion and deterioration of food products was Dr. Lewis C. Beck, 
a man of unusual attainm ents. Energy, enthusiasm , integrity, 
thoroughness, and love of science dom inated his life. H e w as a

1 P resented  under th e  title  "Lew is C. Beck, M .D ., a P ioneer in th e  Food 
and  D rug A dulteration  M ovem ent in A m erica” before th e  Section of 
H isto ry  of C hem istry  a t  th e  67 th  M eeting  of the  Am erican Chem ical Society, 
W ashington, D . C ., April 21 to  26, 1924.

physician by education and engaged in the practice of medicine 
at the age of nineteen. In this profession Dr. Beck and two of  
his brothers becam e em inent. Biographies of these three 
brothers appear in Dr. Samuel D . Gross’s "Lives of Eminent 
American Physicians and Surgeons of the 19th Century,”’ 
1861. Another biography of Lewis C. B eck appears in the 
Annals of the M edical Society of Albany, N ew  York, 1864. 
In these biographies his work in connection w ith pure foods, 
drugs, and other com m odities is only briefly mentioned.

Dr. B eck received his A .B . degree from Union College in 1817, 
and the College of Physicians and Surgeons of N ew  York City 
conferred its degree on him  later. In February, 1818, he was. 
adm itted to practice. N otw ithstanding the fact that Dr. Beck 
engaged in the practice of his profession early in life and gained 
em inence therein, it  is evident th at his energies were directed 
largely along educational and investigational lines. H e began 
his public life in 1824 as teacher in botany in Berkshire M edical 
College and the sam e year becam e professor of botany in Rens
selaer Polytechnic Institu te a t Troy, N . Y . In 1826 he accepted  
the chair of botany and chem istry in the Verm ont M edical 
Academ y. Four years later we find him professor of chemistry 
and natural history in Rutgers College of N ew  Jersey, the suc
cessor of Queen’s College, organized in 1766; H e w as professor 
of chem istry in the University of N ew  York C ity in 1836, and 
accepted the professorate of chem istry and pharm acy in the 
Albany M edical College in 1840. H e held his A lbany and 
Rutgers College positions sim ultaneously for m any years. He- 
continued to lecture to his class a t A lbany until shortly before- 
his death in 1853.
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In addition to the teaching positions held by Dr. Beck he 
contributed m any articles on various subjects, a list of which  
will be found in Dr. Gross’s autobiography. H e also published 
a manual of chem istry in  1831 and a botany of the Northern and 
M iddle States in 1833.

During the early years of the United States, the manufacture 
of potash from wood ashes w as a large industry. According to  
W atson’s Annals of Philadelphia, 1830, page 218, a manufactory 
of "Pot and Pearl Ashes” was established in Philadelphia in 1772. 
In 1832 the value of this product in N ew  
York State was estim ated at more than 
a million dollars annually. In this state  
potash w as deemed so im portant that it 
was regulated by inspection laws "to pro
tect the consumer against the negligence 
or frauds of the manufacturer.” It seems, 
however, that the inspection service, as 
then constituted, was unable to prevent 
inferior potash from finding its w ay to the  
market. The a d o p t io n  o f  c h e m ic a l  
methods seemed to  be necessary. The  
situation was com m unicated to Governor 
Enos B. Tliroop, who presented the m at
ter to the legislature. The result w as a 
formal investigation by the Com m ittee on 
Trade and M anufacturers of that body in 
1832-3. Dr. Beck w as selected to study  
the processes of manufacture and make 
analyses of various samples purchased on 
the market. The results of this investiga
tion were published in the docum ents of 
the N ew  York legislature, and a summary 
is printed in the American Journal of 
Science, 29, 260 (1836). H e reports finding satisfactory methods 
available for m aking both potash and pearl ash of good quality:

B ut instead of following them , various substances are fre
quently added, either previous to or during the boiling, osten
sibly for the sole purpose of facilitating the manufacture, but 
which really have the effect of increasing the weight of the re
sulting mass a t  the expense of its purity.

One of the disturbing factors he discovered was a United  
States patent, granted February 2, 1831, to  Thom as H. Sherman, 
of New York, for w hat is termed "an im provem ent in the m anu
facture of potash .” According to this patent about one-half 
bushel of sa lt and tw o bushels of slaked lim e are added to a 
sufficient quantity of potash to  make a barrel of the finished 
potash. Towards th e  end of the operation one-half pint of 
"lamp oil” is added to "create a blaze to consum e”— whatever  
that m ay mean. T he salt is added to create heat, to purify the  
potash "to burn up and add nothing to the quantity but the 
quality.” The lim e was “supposed to m elt and become a first 
rate potash.” In connection w ith this paten t Dr. B eck remarks:

It need not excite surprise that such nonsense should gain 
currency among ignorant manufacturers, when intelligent and 
even scientific m en often countenance the m ost absurd pre
tensions. Scientific m en often do them selves great injury and 
subject those who place confidence in them  to  serious losses by 
their endorsements of such valueless paper.

Dr. T. P. Jones, the editor of the Journal of the Franklin In sti
tute,'1 says of this patent:

We have in this specification the announcem ent of some m ag
nificent chemical discoveries; one of them  is that salt will burn 
up, and that lim e will become potash. * * *

If a patent had been required for deteriorating one of the staples 
of our country, the one under consideration would m ost com 
pletely have fulfilled the intention; and it is earnestly hoped that

1 J . Franklin In s t., [2] 7, 366 (1831).

its validity may in some way be tested in our courts of law, 
where we apprehend it would not be esteemed to be a "useful 
invention,” according to the intention of the patent law, as its 
inevitable result if acted upon m ust be to injure the reputation  
of American potash in foreign countries; the material would be 
entirely spoilt as regards its use in m any manufactures.

It is difficult to see w hat value would accrue to  anyone con
testing the validity of such a debasing patent. I t  ought never
to have been granted.

Dr. Beck found that the addition of quicklime in the process 
of leaching increased and im proved the  
potash, but of its addition to the lixivium  
w ithout a second filtration he says:

* * * becomes then a fraudulent opera
tion, * *. And in the law regulating the  
inspection of P ot and Pearl ashes, it is 
made the duty of every inspector to con
demn every cask thus adulterated.

Dr. Beck sa y s:

The addition of common salt is a m ost 
unwarrantable practice, as it injures the  
quality of the potash * * *.

It  was not until I had proceeded in this 
investigation, that I ascertained how  
general this mode of adulteration had be
come.

H e calls attention to the danger of 
potash so adulterated escaping detection  
by the ordinary m ode of inspection, and 
of samples containing it  in considerable 
quantities being branded as "first sort.” 
Manufacturers favor the use of salt, be
cause it facilitates m elting the potash and 
produces a product which will pass in

spection as "first sort,” and because this brand regulates the  
market. A premium is therefore set upon this dangerous adul
teration.

After studying the methods of manufacture and analyzing a  
number of samples of potash, the investigator makes these  
interesting observations:

This is an instructive lesson to those who have been deceived 
by the notion expressed in the first patent, that the salt is burnt 
up.

From the facts which have now been presented, som e opinion 
m ay be formed of the nature and extent of the adulterations of 
the potash manufactured in the State of N ew  York. Taking it 
for granted that inspection laws are right and proper in cases 
like the present, it seems to me that they should be rendered more 
efficient in their operation. I know it is urged, w ith some plausi
bility, that the reputation of our potash is now higher in foreign 
markets than that of any other country, and that it is not for 
our interest to improve the manufacture. In answer to this, 
however, one or two facts deserve to be mentioned. T he first 
is that, although when potash can be largely adulterated and 
still, by the ordinary inspection, pass as first or second sort, there 
is a premium placed on the m ost successful adulteration, the  
fraud cannot long escape detection. The large manufacturing 
establishments, both in England and the continent, are generally 
conducted by practical chem ists, who are familiar w ith the modes 
of testing the purity of the substances which they em ploy. Such 
tests, if I do not m istake, they constantly apply in the case of 
commercial potash, and by them  its true value is determined. 
American potash cannot surely retain its high character, if the  
consumer finds it to contain one-third or one-fourth its weight 
of soda salts.

I t  is therefore plainly our interest by all means to prevent the  
adulteration of our potash and to encourage the adoption of those  
chemical principles which should regulate the manufacture.

The standard prescribed for potash designated as "pure” or 
"first sorts,” as the result of the foregoing study, was th a t it  
should contain a t least 85 per cent of potassium  carbonate, be 
free from lime and sodium chloride, and contain not in excess 
of 3  per cent of insoluble matter. .

This report represents one of the best investigations making

Courtety  o f  Rutgers College  

L o u is  C. B e c k
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for pure products that w as ever made. I t  is deserving of study  
by anyone engaged in regulatory work. The investigation  
covered patents, m anufacturing operation, injury to  trade caused  
by adulteration products, analytical data, a standard for pure 
potash, and neccssary legislation.

John A. Dix, N ew  York Secretary of S tate  in 1836, United  
States Senator 1845-49, called attention to the im portance of 
m aking a geological survey of the State of N ew  York. One 
hundred and five thousand dollars were appropriated for the  
purpose. Dr. B eck was em ployed as mineralogist. H e spent 
nearly seven years in this work, and his report covers 536 pages, 
w ith m any plates and cuts. H is aim w as to  m ake the work useful 
to the people of the state.

B y  this time, 1843, considerable sentim ent existed against the 
im portation of low-grade drugs and chemicals. A goodly number 
of books had been published abroad dealing, either in whole or in 
part, w ith food and drug adulteration. F. C. Accum ’s celebrated  
"Treatise on Adulterations of F ood” w as reprinted in Philadelphia 
in 1820, the same year that it appeared in England. J. Cutbush, 
a contemporary of Dr. Beck, published his “Lectures on the  
Adulteration of Food and Culinary Poisons” in 1823. Dr. 
Beck was thoroughly familiar w ith  som e of these works, as is 
clearly shown by the references in  his book appearing in 1846 
entitled, “Adulterations of Various Substances Used in M edicine 
and the A rts.” Am ong the publications cited m ay be m entioned  
"The D om estic Chem ist,” 1831; D um as’ "Traite de Chim ie,” 
1843; B urnett's "Outlines of B otan y ,” 1835; J. G am ier e t  Ch. 
H arel’s “ D es falsifications des substances alim entaires,” 1844. 
Dr. B eck’s book includes not only medicines, bu t m any foods 
and som e articles used in the arts, together w ith  m ethods of 
detecting the various sophistications. I t  m ay be interesting to 
point out a  few debasem ents to  which he calls attention:

Aconitine, mixed w ith  calcareous m atter; asafetida, variously  
adulterated, but about one-fifth of its w eight should be insoluble 
in spirits of wine; beer, mixed w ith narcotics to  increase its in
toxicating effects; cayenne pepper, mixed w ith  red lead to pre
vent loss of color due to  light; chicory, cheap as it  is, adulterated  
w ith roasted barley, spent charcoal, and dregs of coffee; cider, 
lead salts used to  neutralize an excess of acetic acid; confectioner’s 
colored sugars, colored w ith  red lead, vermilion, the copper 
arsenates, lead chromate and gamboge; copaiba, artificial copaiba 
a common substitute (the instance is cited of an insurance com 
pany refusing to indem nify a proprietor for loss by fire resulting 
from the manufacture of spurious copaiba); milk, m anipulated  
by extracting the cream, adding water, various gums, eggs, chalk, 
etc.; orpiinent, a mixture of charcoal, sulfur and arsenious acid; 
soda water, contam inated w ith lead and im itated by adding a 
few drops of sulfuric acid to a  solution of sodium  bicarbonate 
and quickly corking; sweet spirit of niter, of various grades to  
suit the price.

The first appropriation by Congress for m aking chemical analy
ses of agricultural products was m ade by the 30th Congress in 
the following language :3

For defraying the expenses of chemical analyses of vegetable  
substances produced and used for the food of man and animals 
in the United States, to  be expended under the direction of the  
Commissioner of Patents, one thousand dollars.

The Commissioner of Patents, in com m enting on the investi
gation sa y s :4

A t the last session of Congress an appropriation of $1000 was 
made for the institution of a system  of analyses of the different 
grains produced in this country, and of flour m anufactured here 
and exported abroad. The two m ost im portant problems which  
it  was deemed desirable to  have solved in reference to  this m atter  
were the effect of soil and clim ate upon the different varieties of 
grain produced in this country, and the effect of a sea voyage  
and storage upon the flour and meal m anufactured from grain 
produced here and sent abroad.

For this important work I engaged the services of Professor 
Beck, of N ew  Brunswick, N ew  Jersey, an experienced analytical

s U . S. S ta t .  a t  Large, 30th  C ong., 1st Sess., 9, 285 (1848).
< Pat. Office Kept. Agr., 1848, p. 11.

chem ist, who has been occupied during the past season in the  
execution of the investigation confided to  his charge, and who 
has subm itted to me a m ost interesting and valuable report.

The report is entitled "Report on the Breadstufls of the United  
States— Their R elative Value, and the Injury W hich They  
Sustain b y  Transport, W arehousing, e tc .,” by Lewis C. Beck, 
M .D ., Appendix N o. 1, page 245. In the introduction the in
vestigator refers to the object of the work as follows:

M y object has been to show in the sim plest manner, and with  
as few technicalities as possible, how the value of the various 
breadstuffs m ay be determined, their injury guarded against, 
and their adulterations detected.

H e discourses on the relations of chem ical studies to agriculture, 
the use of chemical exam inations to determine the real value of 
w heat and other flours, to  detect adulterants of flour, such as 
alum, copper sulfate, the carbonates, pipe clay, plaster of Paris, 
used to conceal dam age or inferiority, and to increase weight. 
The m ethods of analysis used are set forth and the data  obtained 
by numerous analyses of flour are given, showing the amounts 
of water, gluten, starch, and sugar. A ttention is called to a few 
extracts from the report:

* * the rapid and improper m ode of grinding, regrinding the 
middlings, and mixing therewith the portion first ground, and 
also the still more objectionable practice, perhaps still followed, 
of mixing old and spoiled flour w ith newly ground wheat. * * *

A gentlem an residing in the city  of Albany, N . Y ., informed me 
that during the past season he witnessed an operation which, 
if generally performed, will sufficiently account for all the losses 
sustained in the shipm ent of the cereal grains. Several persons 
were engaged in transferring w heat from a canal boat to a river 
barge; and, while this was going on, it  was the business of one of 
them to sprinkle the grain quite freely w ith water containing in 
solution a portion of common salt. As soon as one pailful was 
exhausted, another was prepared; and the effusion was continued 
until the work was completed. The addition of the salt to the 
water was a mere cover for a really fraudulent and m ost repre
hensible operation. * * *

The alkaline carbonates, the carbonate of magnesia, chalk, 
pipe clay, and plaster of Paris, have all been used, either to  correct 
the acidity of damaged flour, to  preserve the moisture, or to 
increase the w eight and whiteness of the bread.

Other frauds which have been resorted to are more difficult 
of detection; but these are, happily, less prejudicial to health, 
although not always perfectly harmless. Am ong these m ay be 
mentioned the adulteration of w heat flour w ith  potato starch, 
the flour of leguminous plants, buckwheat, rice, linseed, etc.

The second report of Dr. B eck appeared in 1849.5 I t  is largely 
an extension of the earlier work. Regarding certain practices, 
he says:

I t  is a m atter of deep regret th a t circumstances have occurred 
which m ust have a m ost injurious influence upon the trade in 
breadstuffs between this country and Great Britain. I refer to 
the mixtures of damaged, inferior, and good kinds of flour, which 
it  appears on authentic testim ony have been largely exported 
during the past year. W hether this fraudulent operation, which 
is said to have been principally confined to  N ew  York, is the 
result of the change in the inspection laws, as som e assert, I am 
unable to  say. B u t it  requires no great foresight to predict that, 
if continued, it  will create a  distrust of our breadstuffs in foreign 
ports which it will be very difficult to  remove. I t  cannot but 
excite the indignation of the m any honorable dealers, that the 
unworthy cupidity of a few individuals should lead to such 
disastrous consequences.

T he frauds which are occasionally practiced should be promptly 
exposed, and those who are engaged in them  held up to merited 
reproach.

T his report, in addition, shows th a t a large proportion of the 
flour exported was more or less injured during the voyage. 
Reference is also m ade to  the controversy then running in Europe 
and the U nited States regarding the nutritive value of whole
w heat flour as compared w ith w h ite flour.

Dr. B eck’s investigations are the beginnings of a work that in 
subsequent years played such a  prom inent role in the Depart
m ent of Agriculture activities.

‘ Pal. Office Rept. Agr., 1849, p. 49.
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A M ERICA N  C O N T E M PO R A R IE S

Edward Goodrich Acheson
I N  A lecture delivered m any years ago Dr. Edward G. Acheson  

specified w hat his experience had taught him  were eight im 
portant qualities required by a successful discoverer and in

ventor, which, in som ewhat condensed form, are as follows : ( 1 ) op
timism, (2) im agination, (3) observation,
(4) appreciation of the possible value of 
the new, (5) knowledge of the existing art,
(6) self-reliance, (7) determ ination, and (S) 
perseverance.

This list of qualities is w orthy of the  
study which should be given to w hat is 
doubtless a self-analysis of one whose dis
coveries and inventions during a third of 
a century have had a  marked effect, both  
directly and indirectly, on a number of 
manufacturing processes. From  the tim e  
when he was a boy Dr. Acheson has been  
a keen experimenter, and his talent in that 
field was early recognized by Edison, who 
gave him  som e extrem ely difficult prob
lems to work out in the construction of 
the incandescent electric lamp. N o t only 
was his ability  as an experimenter rec
ognized, but also his skill as a construc
tion engineer, for Edison engaged him to 
put in som e of his electric light plants in 
various places in Europe.

After leaving Mr. E dison’s employ, Dr.
Acheson turned again to his experi
mental work, and the commercial developm ent of his impor
tant discovery of carborundum called for the exhibition of all 
the eight qualities which he specifies as necessary for ultim ate  
success. I t  was im agination that led to his experiments; keen 
observation and appreciation of the value of the new thing  
that made him follow up the results he obtained; a knowledge 
of the art which directed the m anufacturing processes he de
veloped; and an extraordinary com bination of optimism, self- 
reliance, determ ination, and perseverance which overcame the  
innumerable difficulties facing the creation of the new industry  
of artificial abrasives which have so profoundly modified a great 
number of m anufacturing methods.

I t  was during the building-up of the carborundum industry that 
Dr. Acheson carried on experimental work in the manufacture 
of artificial graphite, although his discovery of the m ethod sub
sequently used in its production was m ade alm ost sim ultane
ously w ith the discovery of carborundum. This experimental 
work led to the creation of the artificial graphite industry and its 
development illustrates Berthelot’s aphorism, "La chimie crée 
l ’objet de ses études,” for problems which arose and observa
tions made in the course of this work led to further experiments in 
the manufacture of a new refractory which he called “Siloxicon,” 
and in the artificial production of plastic clays. I t  was during 
research work on the latter that, acting on a hint contained in 
Exodus, chapter 5, verses 7 to 19, he invented "Egyptianized  
clay,” which established certain principles that a few years 
later he applied to  the production of a  new form of lubricating 
graphite.

In a lecture delivered several years ago describing his m ethod  
of manufacturing graphite, Dr. Acheson gave reason for object
ing to the description of his product as “artificial”, graphite, his

idea being that the adjective "artificial” gave an impression that 
the material qualified by it  m ust be inferior to the natural product. 
This perhaps is true; but it is interesting to note th at all Dr. 
Acheson’s work had for its object the production of materials 
having qualities that are not to be found in the substances ob
tained from natural sources. H is creation of the carborundum  

industry represented pioneer work in the  
field of artificial materials which have rev
olutionized the abrasive industry; his 
experiments on siloxicon were for the  
purpose of producing, an artificial refrac
tory superior to natural products; his 
"Egyptianizing” process was developed  
for the purpose of artificially producing in 
refractory clays a higher plasticity  than  
was found in the natural product; his in
ventions in the manufacture of graphite 
led to a successful industry because he 
could produce artificially a substance hav
ing qualities superior for m any purposes 
to  the natural product. In short, his 
success is largely due to  an intuitive re
alization of the possibility of im proving  
on natural products which people had 
been content to use for years.

The extension of the use of graphite as 
produced in the electric furnace and
manufactured by processes he has in
vented is still his principal interest, and
there can be no doubt that his gratifica
tion in these developm ents is great— as, 

for example, in the recent war, when the use of his graphite in 
small arms so greatly increased the efficiency of the rifles w ith
which the soldiers of the American Expeditionary Force were
armed.

One of Dr. Acheson’s m ost cherished possessions is a  "grand
father’s clock,” which formerly belonged to M ichael Faraday and  
which he obtained under peculiar circumstances. In 1883, after 
completing his work for Edison, installing electric light plants in 
Europe, he was taken seriously ill in London, but fortunately  
happened to m eet there a Mr. James Holloway, formerly a m a
chinist in Edison’s employ at M enlo Park, who took good care of 
him till he could return to America. Eleven years later, when he 
went to Europe to dispose of some of his European patents for 
carborundum, he went to London and after a long search found  
Halloway in poor health and straitened circumstances and was 
able to give him some assistance. I t  was while visiting Mr. 
Halloway on this occasion that he saw in his house the Faraday  
clock which belonged to Mrs. H alloway and which she afterwards 
presented to him.

Perhaps som ething in the early history of Faraday’s career 
excited Dr. Acheson’s sym pathy, for he also is an interesting  
example of one who has made a name for him self in  technical 
achievements without the advantages of that formal education  
which is usually considered a requisite. A t the age of sixteen, 
with but three years’ schooling in Belfonte Academ y in Pennsyl
vania, he was thrown altogether on his own resources and there
after had to earn his own living and incidentally to undertake his 
own technical education. Possibly his belief that this was 
actually one of the causes of his success is sound; but the doctrine  
would be a dangerous one to inculcate generally.

F .  A. J. F i t z g e r a l d

E d w a r d  G o o d r i c h  A c h e s o n



972 IN D U ST R IA L  AND  ENGINEERING C H E M ISTR Y Vol. 16, No. 9

Toronto Meeting of the British Association
n P H E  British Association for the Advancem ent of Sciencc held 

its Toronto m eeting from August 6 to  13, this being the  
ninety-fourth year of the association. Approxim ately 3000 were 
registered, with 582 of th at number from overseas, and included in 
th a t group were representatives from the farthest com ers of the  
British Empire. There were several who have been knighted  
in recognition of their services to their country and to science.

Am ong the outstanding impressions were the manner in which  
the people of Toronto prepared for, received, and supported the  
association during its m eeting, and the substantial grants of 
m oney made by the Dom inion Governm ent and the Govern
m ents of Ontario, Alberta, and Saskatchewan, which made it pos
sible to secure the attendance upon the m eeting of world 
authorities in various branches of science. M any even returned 
from vacation resorts in order to  do their part in showing ap
preciation for this the fourth m eeting held by the association in 
the Dominion.

Civic organizations took advantage of the presence of men of 
international reputations to have them  address them , and a  
dem onstration was given of the association's success in reaching 
citizens and the children through a specially arranged series of 
lectures. These lectures were given by som e of the best m en of 
which the association can boast, and any one who heard Sir 
W illiam Bragg discuss "D iam ond and Black Lead” before 
an audience of children and then give his presidential address 
before the Physics Section on "The A nalysis of Crystal Struc
ture by X -rays” could not help but be impressed w ith  the  
success of this great physicist in adapting him self to a particular 
audience.

The lack of interest som etim es shown by the American public 
in failing to attend popular lectures on chemical subjects is quite 
in contrast w ith the attendance of the Toronto public upon the  
eight lectures arranged for their benefit. T he speakers were re
ceived w ith  enthusiasm , their remarks carefully attended, and 
their efforts applauded. N o  less enthusiastic w as the reception  
accorded those presenting papers before the thirteen sections of 
the association. T he English custom  of extending a vote  of 
thanks to  the speaker seemed a  pleasant one, while the discussion 
of papers indicated a familiarity w ith  the subject and a willingness 
to speak frankly regarding the points m ade by the author.

All such gatherings require an immense am ount of labor and 
preparation, and the efforts m ade to  abstract papers in advance, 
to  publish these abstracts in the journal available a t the meeting, 
and the large number of section presidential addresses preprinted 
were especially appreciated. N o t only w as the journal new to  
m ost Americans attending the meeting, but the daily tim e-table  
was even more unusual. This booklet gave the actual hours

when the addresses, discussions, and papers were given before the 
sections, and one could decide just which of several meetings he 
m ight care to attend a t ten  o’clock, a t ten-thirty, or a t any hour.

As was to be expected, so notable a gathering produced several 
outstanding addresses: Sir Ernest Rutherford on "Atomic
Disintegration,” the address of Sir W illiam Bragg to which 
reference has been made, the lectures b y  A. S. Eddington on 
"Einstein’s Theory,” and the “Theory of the Outflow of Radia
tion from a Star,” by Sir Richard Paget on "Voice Production,” 
and the encouraging presidential address of Sir D avid Bruce on 
the "Prevention of D isease” are typical examples.

Section B , Chemistry, was well attended a t all sessions, though 
m any of the chem ists found it difficult to choose between a par
ticular program in their own section and the concurrent one in 
Physics. Sir Robert Robertson, president of the section, gave his 
address on "Chem istry and the State ,” following which W. A. 
Bone discussed the “Activation of N itrogen in the Explosion of 
Carbon M onoxide-Air M ixtures a t H igh Initial Pressures;” 
James Kendall described a “ N ew  M ethod <jf the Separation of 
Elem ents of the Rare Earths;” F . W. Atack, "Isomerism of 
Oximes;” j .  F . Snell, "M alic Acid and M aple Sugar Sand.” 
One session was devoted to a discussion of Canadian electro
chemical industries, and the section joined w ith  Physics in dis
cussing crystal structure, w ith Physiology in a symposium on 
vitam ins, w ith  Physics in a joint discussion on colloids, and with 
G eology on liquid and powdered fuels. An excursion was made 
to  plants in the Niagara Falls district. One evening a group of 
chem ists discussed informally the m echanism of explosions and of 
radiation, and exchanged view s on m any other topics.

Following the Toronto m eeting, tw o special trains took a lim
ited number of visitors to  Vancouver, Victoria, and return, with 
m eetings at Saskatoon, a t the University of Saskatchewan, at 
Edm onton, Victoria, and elsewhere, thus continuing the spread of 
scientific information to the western portions of the Dominion.

As in all m eetings, no small part of the benefit was derived from 
informal conferences and discussions, which were encouraged, not 
only by the delightful surroundings of Toronto University, but 
especially by H art House, a university social center, which cannot 
be surpassed anywhere upon the N orth  American continent.

The British Association advances science through grants for 
the support of research, by the presentation of papers a t its ses
sions, by  sum m ing up, from tim e to tim e, the actual advance of 
science in various directions, and partly by bringing to  the locality 
of its m eetings a better appreciation for scientific work and educa
tion generally. The consensus of opinion is that in the 1924 
m eeting a t Toronto the British Association accom plished_its 
purpose. W hat more need be said?
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N O TES A N D  C O R R E SP O N D E N C E

International Union Meetings
Editor of Industrial and Engineering Chemistry:

I t  has been m y privilege to attend tw o of the five m eetings of 
the International Union— the third, held a t Lyon in 1922, and the  
fifth, which has just closed at Copenhagen. I have been im 
pressed by several things which m ay be of interest to 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 .

These m eetings are not intended for the presentation of pa
pers by those in attendance, as is the case w ith the semiannual 
meetings of our S o c i e t y ,  but only for the discussion, in small com 
mittees, of such topics as are of international interest to chemists. 
These questions embrace such m atters as nomenclature, com pil
ing and abstracting chemical literature, preparation and distri
bution of pure compounds for analysis and standardization tests, 
the purity of chemical reagents, food preservation, solid and liquid 
fuels, industrial hygiene, etc.

At the Copenhagen m eeting there were 93 delegates from 16 
countries. E xcept for Denmark, whose delegation comprised 
21  names, the number from the other countries varied from 1 each 
in the case of Japan and Argentina, to 15 for France. There 
were 2 each from Spain, Norway, and Sweden; 3 each from Bel
gium and Switzerland; 4  each from Poland and Roumania; 
5 each from Czechoslovakia, England, and the United States; 
9 from Italy; and 11 from Holland. I t  is therefore a compara
tively small gathering, but is composed of some of the m ost 
distinguished chem ists of the several countries represented.

A t the opening m eeting the general secretary, M . Gérard, of 
France, outlines the order of business and requests each delega
tion to assign its members to the com m ittees on which they are 
best qualified to serve. A t Copenhagen there were thirteen  
committees and each of the five American delegates served on 
two or more committees.

The com m ittees consist usually of about ten members, and the 
discussions are quite informal. T he chairman presents the  
report for the current year and outlines the recommendations 
for which it  is considered desirable to obtain general agreement. 
The results of the deliberations are embodied in new resolutions, 
which are usually adopted w ith unanim ity by the com m ittee and 
presented to the general meeting of the congress for final adoption.

The point which strikes one m ost is that the delegates usually 
are prepared to  present the authoritative views of their fellow  
countrymen whom they represent, owing, in m any instances, to 
conferences a t hom e since the preceding meeting. This, however, 
sad to relate, is not the case w ith the American delegates, and 
those of us who are supposed to represent the United States are 
able to express only our personal views, which m ay not be in 
accord with those of our fellow chem ists a t home. Thus, as 
happened last year when the new decisions in regard to the no
menclature for biological chemistry were announced in the United  
States, a great deal of criticism was aroused and our country 
placed itself in the position of refusing to uphold the engagem ents 
of the men who were considered to represent us a t the meeting.

This state of affairs should certainly be remedied, and we, as 
American chemists, should not allow the same criticisms to be 
applied to our science as is justly applied to our international 
politics. Our N ational Research Council, or some other organi
zation, should arrange for a proper discussion am ong our own men 
of the questions that are on the agenda for the international 
meetings, and the delegates representing the United States 
should be adequately instructed in advance as to the wishes of the 
majority of our chemists. In this connection, however, we should

remember that, even though we are a large and im portant center 
of chemical activity, we are only one member of a much larger 
group, and it should not be our aim to impose our wishes on the  
others, but to cooperate by making such concessions as will re
sult in the greatest good to the largest number.

This point is especially noticeable a t the international meetings. 
There appears to be a somewhat lim ited spirit of concession. 
Each of the larger countries represented considers that its usage 
is the best and should be followed by the others. This attitude  
results in misunderstandings and retards progress. I was par
ticularly impressed by this in the discussions of the revised  
nomenclature for biological chemistry. I t  has been pointed out 
very clearly by M. Bertrand, however, th at in selecting new nam es 
the requirements of a large number of languages m ust be satis
fied if possible. N ew  names must be such as m ay be written  
and pronounced in more or less the same manner in such different 
languages as those of Latin, English, Germanic, Slavonic, and 
possibly Asiatic origin. Hence the names which a  particular 
country has used for many years and desires to preserve m ay be 
extremely difficult of adoption by another country, and certain 
concessions to the general good m ay som etimes be required of all.

In regard to the language of intercourse at the m eetings, there 
is no doubt but that French can be used by a larger number of 
the delegates than can English. Aside from m ost of the Ameri
cans and a few of the English, all the delegates arc able to under
stand and speak French. W e m ust, therefore, recognize the 
necessity of making some effort to acquaint ourselves w ith the 
spoken French language, if we are to contribute our share to 
wards the improvement of matters of international chemical 
interest.

I t  is expected that the 1926 m eeting of the International 
Union of Pure and Applied Chemistry will be held in the United  
States. Here is an opportunity for us to perfect our cooper
ation in the work of this very im portant international organi
zation organized for the advancement of chemistry.

A t h e r t o n  S e id e l l
P a r i s , F r a n c s

Ju ly  14, 1924

W hen Silence Is Golden
Editor of Industrial and Engineering Chemistry:

I have read with interest the various com munications of 
W. A. N oyes, who evidently has set him self to the task of recon
ciling the recent belligerents. W hile this is a commendable 
work, it  seems to me that the methods chosen are unlikely to  be 
successful; they are, in fact, more likely to prolong the irritation. 
All the belligerents are still suffering, and anything that calls 
attention to the questions at issue only irritates the boils and 
rouses the fighting spirit. I t  would be very easy for a northern  
m an to arouse southern sectional feeling by a few poorly chosen  
sentences after all these years have passed since the Civil War. 
Silence is therefore the better choice. I  think this applies equally 
to the present situation. If we do the possible things and pass 
over the impossible ones without notice, we shall be likely to have  
real peace the sooner. The desirability of peace is apparent to  
every thinker, the unthinking will not be convinced by any  
amount of discussion.

E d w a r d  H a r t
E a s t o n , P a .
Ju ly  8, 1924
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The Rennin Coagulation of Milk
Editor of Industrial and Engineering Chemistry:

On page 633 of the June, 1924, issue of T h i s  J o u r n a l ,  Leroy S. 
Palmer, in  speaking of the view s of Alexander, and of Schryver, 
on the rennin coagulation of milk, sa y s:

B oth these purely colloidal theories of the rennin coagulation  
are shown to  be impossible by the observation of the writer that 
perfectly stable suspensions of calcium caseinate can be prepared 
without the presence of other protective colloids. Moreover, 
these calcium  caseinate m ilks, in the proper concentration and 
when brought to the proper Sorenson value of 6 to 6.5 in  the pres
ence of a trace of calcium ions, show a normal rennin clot which 
exhibits all the properties of syneresis, etc. These gels, however, 
lack the firmness of normal rennin gels, showing th a t this property 
is contributed in part by the other constituents of the milk.

The chemical properties of calcium paracaseinate, as the prod
uct resulting from the action of rennin on calcium caseinate is 
called, indicate that the reuniu coagulation is both chem ical and 
colloidal.

The view advanced by Alexander as to the rennin coagulation of 
m ilk1 is that the enzym e splits the lactalbumin, converting it 
probably into products th a t exert a coagulative rather than a 
protective action, the coagulation being aided by calcium ions 
released from adsorption. This view  is supported b y  the fact 
that the highly protected m other’s m ilk is coagulated slowly, if 
at all, by  rennin, whereas the cow’s milk, having a low  protective 
ratio, is readily coagulated. Furthermore, lactalbum in, a pro
tector to silver chloride, becomes a coagulator when acted on by  
pepsin.

W hile casein is generally considered a definite chemical sub
stance, any substance supposed to be such a chemical individual 
as “sodium caseinate” should have the closest scrutiny. Even  
granting that perfectly stable suspensions of “sodium caseinate” 
of unquestioned purity can be prepared, how does th a t prove the  
im possibility of the view  that protective action is a factor in the 
behavior of milk (which it  is)? If impurities in the “sodium  
caseinate” will not account for its behavior, there is the question  
of autoprotection, a phenomenon of wider occurrence than is 
generally recognized. Dr. Palm er’s argument recalls th a t of the 
Irishman who, to  rebut the testim ony of w itnesses who swore 
they saw him  steal the pig, offered to bring in ten  tim es as many 
witnesses who would swear that they  never saw him steal it.

I t  is not out of place to quote a few of the opening sentences 
from Herbert Spencer’s “First Principles:”

W e too often  forget that not only is there a soul of goodness 
in things evil, but very generally, also, a soul of truth in things 
erroneous. W hile m any adm it the abstract probability that a 
falsity  has usually a nucleus of verity, few bear this abstract 
probability in mind, when passing judgm ent on the opinions of 
others.

E ven granting th at the Alexander-Scliry ver view  does not take 
into consideration all the  factors involved, the nucleus of verity  
should be supplem ented, not discarded.

J e r o m e  A l e x a n d e r
5 0  E a s t  4 1 s t  S t . ,  N e w  Y o r k , N .  Y .

J u n e  1 2 ,  1 9 2 1

Editor of Industrial and Engineering Chemistry:
Dr. Alexander apparently takes exception to  m y criticism  of his 

rennin coagulation theory because I did not perm it a "nucleus 
of verity” in his opinion regarding the explanation of this phe
nomenon. H e also inquires how the behavior of "sodium case
inate” solutions disproves the possibility "that protective action  
is a factor in the behavior of m ilk .”

Replying first to his question, I m ay say that the behavior of 
sodium caseinates throws no light on the rennin coagulation of 
milk, because ( 1 ) rennin will not clot such a caseinate, (2 ) casein  
exists in  cow’s m ilk, not as a sodium  compound, but as a calcium  
compound. N o  doubt Dr. Alexander would call the behavior 

1 8th Intern. Cone. A p p l. Chem., 6, 1 2  ( 1 9 1 2 ) .

of sodium caseinate towards rennin a case of autoprotection, but 
I confess I do not quite understand the mechanism by which a 
colloidal dispersion protects itself.

I t  is the behavior of dispersions of calcium caseinate, not 
sodium caseinate, towards rennin which renders Dr. Alexander’s 
theory untenable. T he fact that such dispersions will clot with  
rennin at the proper pH  and in the presence of salts of the divalent 
cations seems to  m e to  be an experimental dem onstration of 
rennin coagulation which throws out of court the circumstantial 
evidence which Dr. Alexander has cited in support of his lactal- 
bumin-protection theory.

A s to  whether there is a nucleus of verity in Dr. Alexander’s 
theory, I am  of the opinion that there is none at all and that it 
constitutes one of the exceptions in Herbert Spencer’s philosophy 
which caused him  to insert the words “generally” and “usually” 
in the quotation which Dr. Alexander gives. I t  was obviously  
impossible in m y paper to  review in detail the evidence which 
Dr. Alexander brought forth in his paper .1 H e cites four points 
in support of his theory, all of which fall to the ground on close 
examination:

(1) T he failure of m other’s milk to clot like cow ’s m ilk is not 
due to a  high protective ratio between casein and albumin, as 
Dr. Alexander believes, but to the very low concentration of 
casein in m other's m ilk and to its higher pH . If cow's milk is 
diluted w ith water so th a t it  contains only 0.2 to  0.3 per cent 
casein2 and the pH  value raised to that of m other’s m ilk3 it  will 
clot like m other’s m ilk w ithout having its casein-albumin ratio 
changed.

(2) I t  is undoubtedly true that lactalbum in will protect 
colloidal dispersions of silver chloride, whereas the peptic diges
tion products will not do so, bu t this does not prove th at it  is 
the lactalbum in in m ilk which stabilizes the calcium caseinates. 
Calcium caseinates are stable w ithout the presence of lactalbumin.

(3) Dr. Alexander states that the products of peptic digestion 
of lactalbum in "coagulate” the silver chloride in the reaction 
(pepsin +  lactalbum in) +  N aC l +  A g N 0 3. This is obviously 
as much an error as to assum e th at the coagulation of calcium 
paracaseinate is caused b y  albumoses and peptones formed by 
rennin from lactalbum in. This assum ption involves the further 
one that rennin digests lactalbum in at a sufficiently rapid rate 
to account for the instantaneous coagulation which it  is possible to 
secure w ith rennin. Dr. Alexander m ust adm it that he has not 
dem onstrated the correctness of either of these assum ptions, but 
has m erely drawn his conclusions from the lactalbum in-silver 
chloride experiments. Analogies som etim es lead to false con
clusions.

(4) Dr. Alexander is correct in stating th at "casein” prepared 
by the m ethod described in his paper requires a smaller quantity 
of acid for coagulation than a like quantity of milk. This is not 
due, however, to the absence of lactalbum in, but rather to the 
absence of buffer salts in which m ilk abounds. According to 
Dr. Alexander’s reasoning his casein preparation should also be 
more sensitive to rennin. H e apparently failed to try this ex
periment. H ad he done so he would have found that his casein 
preparation was less sensitive to rennin and very probably would 
have failed to coagulate. A s a m atter of fact, there is no analogy 
between the acid and rennin coagulation. The former is a 
décalcification resulting in a  curd of more or less isoelectric casein 
(depending on the experimental conditions), while the latter 
is a gelation of calcium containing protein (paracasein) due 
apparently to chemical and physico-chem ical changes not yet 
clearly understood. One thing is clear, however— namely, that 
neither lactalbum in nor its digestion products have ever been 
demonstrated to play any part, either directly or indirectly, in the 
actual coagulation process.

L. S. P a l m e r
U n i v e r s i t y  o p  M i n n e s o t a  

U n i v e r s i t y  F a r m , S t . P a u l , M i n n .
____________ June  2 4 ,  1 9 2 4

1 Sth Intern. Cong. A ppl. Chem., 6 , 1 2  ( 1 9 1 2 ) .
- B osw orth, N ew  Y ork Agr. E x p t. S ta ., Tech. Bull. 4 3  ( 1 9 1 5 ) .
» C lark , J .  M ed. Res., 3 1 ,  4 3 1  ( 1 9 1 4 - 1 5 ) .

E. F. Armstrong, the im m ediate past president of the Society 
of Chemical Industry, expects to  sail for th e  U nited States on 
Septem ber 13 and to address the N ew  York Section of the 
Society of Chemical Industry on October 17. H is address while 
in the United States will be in care of Leber Brothers Co., Cam
bridge, M ass.
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Does the z n / p  Function F it the Facts?
Editor of Industrial and Engineering Chemistry:

In his article under th is title  [ T h i s  J o u r n a l ,  1(5, 856 (1924)] 
Becker used the classical data of Tower to  dispute the valid ity  
of the hydrodynam ic theory of perfect lubrication [ T h i s  
J o u r n a l ,  16, 347 (1924)]. In doing so, he has m ade the serious 
m istake of assum ing that the temperature rise in a bearing is 
the same, regardless of the speed or load under which it is op
erating. Such an assum ption is far from correct.

Tower's experim ents were performed on four oils— olive, lard, 
sperm, and rapeseed. R eynolds calculated the temperature rise 
in the oil film for the experiments on olive oil, and found very good 
agreement between calculated and experim ental friction values. 
In his calculations R eynolds m ade allowance for the heat carried 
away by the oil, by  m etallic conduction, and for the effect of 
thermal expansion of journal and brass. H e neglected the som e
what minor effect of load on the am ount of heat generated, basing 
his calculations entirely on rubbing speed and oil viscosity. If 
the effect of load were also considered, the agreement would have  
been still better. T he present writer has applied the same 
method of correction to  the data on lard oil given in Becker’s 
article, w ith the results given in Fig. A.
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I t  is interesting to  note that the agreem ent becomes better  
at low .values of zn /p — i. e., a t small film thicknesses— which is 
exactly contrary to  the effect which would be produced by boun
dary disturbances. N o  significance can be attached to the  
lack of concordance betw een the results on different oils, as Tower  
did not record their viscosities. The differences are well w ithin  
the error involved in estim ating viscosities from present-day data.

The present writer has been convinced by careful experim enta
tion that viscosity is the only property of the lubricant involved  
in fluid film lubrication. T hat this is not always observed in 
practice is due to the fact that all machinery, in starting and 
stopping at least, m ust pass through the region of adsorbed film 
lubrication where the chemical characteristics of the lubricant 
are all-important. N either is the question of stab ility  of the lubri
cant involved in the foregoing statem ent.

The zn /p  function will fit the facts provided the two regimes of 
lubrication arc not confused.

D . P. B a r n a r d

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  

C a m b r i d g e , M a s s .
Ju n e  12, 1924

Editor of Industrial and Engineering Chemistry:
Mr. Barnard has replotted the data of Fig. 1 in m y article 

after correcting the film temperatures. T he plotted points of 
bis Fig. A show that he m ust have assumed film temperatures

of approximately 140° F. for the data at 450 r. p. m., which is a  
correction of 50° F. Reynolds concluded that the maximum  
probable rise in the temperature of the film above th a t of the 
bath was only about 15° F. in the case of Tower’s olive oil ex
periments. 1 These corrections were found necessary to make 
his calculated curve correspond to  Tower’s experimental curve. 
Reynolds, therefore, concluded that the temperature of the oil 
film was about that am ount above that of the bath. I t  is hardly 
justifiable to make a correction of as much as 50° F.

A correction of 50° F . has apparently been made by Barnard 
for both the 100-pound and the 520-pound loads at 450 r. p. m. 
A correction of approximately 40° F. has been applied for the 
same loads at 150 r. p. m. From Fig. 1 it  obviously follows 
that such corrections can only result in a shifting of the entire 
curves, since the corrections are constant for any given speed.

The real reason that all the points lie close to  the curve pre
pared by Barnard is that he has reduced his scales far below that  
permitted by the data. This is easily demonstrated by merely 
replotting the data of Fig. 1 on a  scale similar to that used by  
him. It will be noted that such a curve, Fig. B, fits the observed 

’ data as well as that prepared by Barnard. I t  does not bring out 
all the facts, however, since the accuracy of Tower’s data is 
such that even larger scale drawings than those used in Figs.

F ig. B

1, 2, and 3 are permissible, as shown by the accuracy w ith which  
the various curves of these figures fit the observed data.

Furthermore, what about the curves of Figs. 2 and 3, where 
those at the higher loads lie above some of those for lighter loads? 
For such eases temperature corrections similar to those made 
for Fig. 1 would tend to separate the curves rather than bring 
them closer together.

Even though the scales were diminished to the point where a 
single curve can be used to represent the data of each figure, the  
curves so obtained for the three oils would by no means coincide  
with each other. Y et Table I shows that the coefficients for 
corresponding points for sperm and lard oils are not very far 
apart. Accordingly, R eynolds’ m ethod of calculation should  
give approximately the same temperature corrections in  the two  
cases. Such being the case, the two z n /p  curves cannot cor
respond, as demanded by the theory, since Figs. 1 and 2 show  
that for identical coefficients and loads the values of z n /p  are 
almost in a ratio of 2 to 1. Corrections sufficient to  account 
for discrepancies of this magnitude are hardly justifiable.

A. E . B e c k e r
E u z a d e t h , N. J.

Ju ly  16, 1924

‘ A rchbutt and  Deelcy. "L ubrication  and  L u b rican ts ,”  p. 78.
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W O R L D -W ID E  C H E M IS T R Y

German Letter
By W alter Roth

C O t h b n ,  G e r m a n y

G o l d  f r o m  Q u i c k s i l v e r

As a result of recent investigations of Professor M iethe and 
his assistants the dream of the alchem ist of turning quicksilver into 
gold seems to have been fulfilled. According to preliminary 
information in D ie Naturwissenscliaften, Professor M iethe, duiing  
research on the coloring of transparent minerals and pastes 
under the action of the ultra-violet rays, obtained this quick
silver transformation. Jaenicke’s new mercury lamp quickly  
formed a black coating on the inside. To great surprise, investi
gation showed a gold content, although the mercury of the la m p . 
was entirely free from gold before the experiment. The presence 
of gold was quite readily proved. The m etal th a t remained 
after dissolving the last trace of quicksilver in saltpeter was golden 
yellow  and consisted of an agglomerate of beautifully shaped, 
mirror-faced, cubic and octagonal crystals. The Cassius test 
proceeded exactly as w ith natural gold.

T hat the disintegration of the quicksilver atom , a t least in the  
near future, has no industrial significance, needs no com ment. 
Professor M iethe is continuing his research.

R u b b e r  i n  L i g n i t e

There occurs occasionally in the lignite of the Cothen region 
a network of fibrous structure having a yellowish brown color and 
resembling the hair of animals. For this reason the miner calls 
it  “ape hairs,” w ithout knowing its true nature. E. Kindscher, 
in the Governm ent M aterialpriifungsam t at Berlin-Dahlen, has 
now proved that this structure is rubber. The rubber is present 
in the latex in the vessels which form a network of connecting  
tubes in the plant. T he contents of these vessels dry when the  
plant dies, and the residue, the caoutchouc, remains as a true 
impression of connecting tubes in the form of thin, interwoven  
threads, and, unlike the cellulose content of the plant, has not 
shared in the formation of coal. T he sulfur compounds appearing 
by the decay or in the formation of coal have then brought about 
a vulcanization of the rubber threads. On account of the com 
plete exclusion of air in the coal bed the caoutchouc material has 
preserved its elastic properties in the interior of the earth.

A similar occurrence of rubber was found in the lignite deposits 
of the Geiseltal at M erseburg. Here also it is a case of vu l
canized rubber, and the Cothen occurrence can be spoken of as 
“soft gum ,” and th a t a t M erseburg as “hard gum .”

P o l l o p a s , a  N e w  S y n t h e t i c  C o l l o id

The synthetic  resin chem ist and discoverer of “Juvelite ,” 
Fritz Poliak, by the condensation of carbamide and thiocarbam- 
ide w ith formaldehyde under quite definite conditions, has ob
tained a product, “Pollopas,” which in m any cases will supplant 
glass and similar materials. Pollopas can be rolled, bored, fraised, 
polished, and cut. I t  can be used for optical apparatus instead  
of flint glass, and also of m aking ornaments, and smoking, travel
ing, and similar articles. For example, fountain pen reservoirs, 
which could not be made of glass, can be m ade from the less 
frangible, very light, and still transparent Pollopas. This sub
stance can be colored and darkened as desired. Opalescent glass 
and im itation porcelain of all kinds have been m ade of Pollopas, 
by using luminous, fluorescent colors, which give a  beautiful 
effect. Pollopas can be etched with hydrofluoric acid or concen
trated sulfuric acid in a w ay similar to which glass is etched. B e
cause of this, door signs and illuminated advertising signs can be 
made. I t  is also recommended combined w ith  glass panes for 
autom obiles, as Pollopas does not splinter.

A  L i t t l e - K n o w n  S o u r c e  o f  L e a d  P o is o n in g

Herr Beintker, industrial health adviser, has recently described 
lead poisonings that have occurred in the tempering rooms of a 
large wire mill.

For the purpose of tempering, the steel wire is heated in a 
furnace to about 700° to 800° C. and then cooled by immersion 
in a lead bath at about 500° C. In this w ay changes take place

in the structure of the wire so that it can be drawn like other wire. 
Two processes are used, immersion and drawing. B y  the 

-second process, in which alone lead poisoning was observed, the 
wire is first placed in the rotary stand, or "crown,” then drawn 
through the furnace and a lead bath and is wound up on the me
chanically m oving "disks.” W hen the wire comes out of the 
furnace it is covered w ith a layer of ferrous oxide. This layer is 
very porous and in going through the lead bath is saturated with 
lead. To get rid of the superfluous lead the wire is passed through 
a sand bath, which retains a part of it. Upon com ing out the 
oxide layer loosens, and in the oxide falling to  the floor is a large 
am ount of lead.

E ven when severe lead poisoning did not occur, lead colic was 
often observed. Owing to the nature of the industry, especially 
the continuous running of the wires, which m ust not be stopped, 
it  was necessary for the workers to eat their m eals a t the work 
room. This m ust under all circumstances be prevented, and the 
other directions for industries where danger of lead poisoning 
exists m ust be observed. A ttem pts to substitute baths of molten 
m etal salts for the lead baths, as in the tem pering of files and 
tools, m et w ith no success in wire tempering.

S t a n d a r d iz a t io n  o f  M e d i c i n e s

Although foodstuffs are very strictly controlled, so that they 
are offered in full value, unspoiled, and in appetizing condition, 
the sam e importance has unfortunately not been placed on the 
control of drugs. On this account a standardization of medicines 
has recently been demanded from various quarters, which means 
the establishm ent of definite principles concerning the degree of 
purity of preparations, their physico-chem ical properties, the 
influence of these on their therapeutic effect, the changes on stor
age, their durability, etc. I t  is rightly demanded that, if in the 
feeding of healthy persons the greatest care is taken, so much 
more is it  necessary for care to be taken in providing medicine 
necessary for those who are ill.

Inasm uch as medicines are often produced in large quantities 
by the factories, and then are stored for m onths in apothecaries, 
drug stores, etc., and also m any tim es m ade and dispensed by 
quacks, there is often no assurance that any therapeutic value 
exists in the drug. The Pharmazeutische Zcitung  challenges the 
apothecaries to set a standard for medicines, to collect their 
knowledge of the behavior of medicines on storage, and to pro
vide a central place at which the material delivered to pharmaceu
tical institutes shall be scientifically examined.

L i m e  i n  P e a r l  F o r m

After experimenting for a year the joint stock company of 
H. Scheidemandel, of Berlin, has succeeded in producing lime and 
gelatin in the form of beads or pearls, called for short "lime 
pearls” and "gelatin pearls.” These pearls are produced by pass
ing lim e or gelatin through fine openings into a fluid or gaseous 
medium. In falling the drops form, as a result of the surface 
tension, as pearl-like, spherical bodies. Through appropriate 
cooling of this medium the pearls gelatinize in less than a minute. 
An ingenious apparatus m akes it possible, by  absolute prevention 
of premature decom position due to  heat, for the pearls to pos
sess the sam e qualities as the liquid lim e or gelatin before 
being m ade into pearls. In this w ay a great saving in time and 
space is accomplished— the pouring of the liquor on lime tables, 
the cutting of the dried jelly, the week-long drying, the tearing 
of the slabs, the difficult packing, are all avoided and instead of 
the troublesome lime slabs one obtains the lim e pearls.

According to  the new process it  will be possible in the future to 
produce lim e and gelatin in hot countries, which has heretofore 
been impossible.

Ju ly  15, 1924

D ecreased  U se of Phosphoric Acid in G erm any— The current 
agricultural year will show a 65 per cent decrease in the use of 
phosphoric acid fertilizers in Germany, as compared with the 
previous year, according to the Deutsche Bergwerkszeilung. 
From  M ay 1 to  Decem ber 31, 1923, only 82,000 tons were used, 
as com pared w ith 336,000 tons in the sam e period of 1913. The 
am ount of phosphoric acid fertilizer used in Germany has never 
quite reached 50 per cent of pre-war years. Prices are said to be 
one and a half tim es as high as during war tim es.
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T h e  W o r l d  P o w e r  C o n f e r e n c e

The World Power Conference, organized by the British  
Electrical and Allied M anufacturing Association, opened at 
W em bley on June 30. A very large number of papers has been 
presented, m any of which are of great interest to the chemical 
industry. In connection w ith this conference a com m ittee has 
been formed to standardize the m ethods of boiler testing. The 
proposals made have been the subject of a certain am ount of 
criticism in the technical press.

The m ost interesting papers presented at the conference, from 
the point of view of those engaged in chemical manufacture, 
were one on steam  accum ulation by J. Ituths, and one by B. 
M. Gerbel entitled "The Reciprocal Utilization of W aste Energy.” 
It will be realized that the steam-raising problem in a chemical 
works is a very real one, partly on account of the enormous 
fluctuations in demand placed upon the steam-raising plant, and 
partly because the ratio of process steam  to power steam  is 
generally unusually high. In several large works in this country 
the back pressure system  is used; nam ely, the exhaust steam  
from the power plant is used at a low pressure for heating pur
poses. I t  has frequently been pointed out that this system  is 
not difficult to apply as long as the demands for power and steam  
arc uniform, but in m any chemical works such uniform ity is 
difficult to realize and attem pts to use the back pressure system  
have been disappointing. The steam  accumulator m ethod pre
sents important possibilities in such cases, and it is claimed that 
increases of as much as 30 or 40 per cent in thermal and output 
efficiencies can be secured by using accumulators.

The paper of Mr. Gerbel was chiefly interesting because 
it gave a collection of figures relating to different industries of 
the steam  consum ption for power purposes, and the steam  con
sumption for process purposes, for unit productions. The  
suggestion to combine different industries in the same locality  
on the basis of steam  and power production, although perhaps 
not sufficiently practiced in this country, is already applied to  
some extent.

C h e m ic a l  W o r k s  E x p l o s io n s

The annual report of the chief inspector of factories, recently 
issued, contains som e valuable information on industrial ex
plosions. The importance of dust explosions is indicated by  
the circumstance that tw elve such explosions were reported 
during the year 1923 as being due to carbonaceous dusts from 
such varied m aterials as coal, m alt, meals, dyes, cork, pitch, 
naphthalene, and ebonite. Four explosions occurred in sulfur- 
grinding plants.

While m ost of these explosions were unquestionably due to 
lack of proper precautions, a very noteworthy suggestion in 
connection with sulfur grinding is made— i. e., that the grinding 
be done in an atm osphere containing carbon dioxide. A similar 
method has been found satisfactory in preventing explosions 
due to solvent vapor given off from rubber-spreading machines, 
in which case the supply of gas was drawn from a boiler flue. 
These m ethods are reminiscent of the proposal m ade som e years 
ago by Harger for the prevention of coal dust explosions in mines.

The risks involved in grinding azo dyes in disintegrators are 
indicated by the circumstance th at two such explosions occurred 
during the year, one of which was fatal. The exact causes of 
these explosions do not seem to have been fully ascertained, and 
it is therefore recommended th at such plants be so arranged that 
no workmen are present in the grinding room while the grinding 
is in progress.

Explosions in gas-compressing plants due to the use of un
suitable lubricating materials in the compressors are dealt 
"'ith in the report, two serious explosions having occurred in  
oxygen works. The inspector of factories urges th at oxygen  
compressors be lubricated w ith pure distilled water only, and 
maintains that, the view  held in m any quarters that soap solution 
may safely be used as a lubricant is incorrect, one of the ex
plosions having been definitely traced to the use of less than  
0.1 per cent of soap in the lubricating water.

T h e o r y  o f  G r i n d i n g

The underlying principles of size reduction processes have  
always been the subject of controversy. In some cases this has 
been due to the weakness which m ost research workers possess 
for attem pting to derive too much from their experimental data. 
The British Portland Cem ent Research Association has recently

made an exhaustive study of the grinding of a standard sand. 
The research is perhaps not so interesting in its results as in its 
methods. The investigation is an attem pt to derive a law of 
size reduction, and the lines upon which the investigation has 
been pursued are purely statistical. Each product obtained was 
subjected to microscopic measurement, and the frequency dis
tribution of the sizes plotted and studied. This frequency 
distribution method of examining the grinding problem looks 
promising, and while up to the present the research has been 
merely of a preliminary character, the association has certainly  
not erred on the side of drawing conclusions from insufficient 
data, and if the subsequent researches are on the same lines they  
will no doubt form a valuable contribution to a difficult subject.

I n s t it u t io n  o f  C h e m ic a l  E n g i n e e r s

A t the last meeting of the Institution of Chemical Engineers 
E. A. A lliott read a paper on self-balancing centrifugals. It  
was maintained that the m ost im portant factor in the design 
of a flexibly supported machine is the critical speed of rotation. 
This paper is essentially a study of the self-balancing centrifugal 
from the point of view of the theory of whirling shafts, and it 
was maintained that the simple gyrostatic theory is illusory and 
inadequate as a basis for centrifugal design.

A preliminary paper by G. W. Him us and J. W . H inchley  
on the evaporation of water in currents of air was also presented, 
and a new formula given for the rate of evaporation of water per 
unit area at different air velocities, this new formula giving re
sults considerably different from that of Carrier.

P r o p r ie t a r y  M e d ic in e s

Although proprietary medicines are periodically subjected to 
strong criticism and the British M edical Association published 
some years ago two volumes dealing with the m ost im portant 
proprietary medicines before the public, practically no attem pt 
has been made within the last ten years to raise a serious m ove
ment against the proprietary manufacturers. T he chemical 
analyst is as a rule rather chary about undertaking work of this  
kind.

N o t long ago Sir William Pope published in a daily paper an * 
article on one of the m ost widely advertised proprietary prepara
tions, known as "Yadil.” This preparation has been so ex
tensively advertised that recently a special com pany was pro
moted with a large capital, sim ply with the object of undertaking 
the printing work. Inasmuch as the proprietors of “Y adil” 
have issued a writ for libel against the proprietors of the news
paper and against Sir W illiam Pope and Professor Dixon, no 
expression of opinion can be given at the present time. It is 
not often that eminent chem ists become involved in m atters 
of this kind and the developments are awaited w ith the greatest 
possible interest in chemical circles.

August o, 1924

Apparatus for Testing Colors—A new German apparatus 
for testing the resistance of colors has been constructed at H anau  
in the form of a mercury vapor lamp, according to  Consul 
General Dument.

The fading of color being chiefly due to the influence of ultra
violet rays, which are not numerous in the ordinary daylight at 
low altitudes, the lamp accelerates the process in em anating these  
rays in considerable quantities. The effect on textiles, for in
stance, of one hour’s exposure to this source of light is greater 
than that of many hours’ exposure to the ordinary sunlight.

The lamp has a quartz glass burlier similar to those used for 
medicinal purposes and is said to be more powerful than any  
other model. Mercury vapor, which at high temperature 
emanates the desired chemically active rays, is contained in an  
airtight, transparent tube of quartz glass and heated by means 
of electric current. Contrary to ordinary glass, the fused quartz 
allows the ultra-violet rays to  pass freely. I t  remains firm at 
a temperature at which glass liquefies. The apparatus consists  
of a quartz burner and a suspension and tilting mechanism, the  
latter used in igniting the lamp. I t  is possible to direct the rays 
in any direction.

Germany Proposes Increase in D uties on Leather-Refining  
M aterials—The German Governm ent is contem plating in
creased import duties on chemicals and other raw m aterials used 
by the leather-refining industry. The Central Union of the  
German Leather Industry is making vigorous protest against 
the proposed duty on the ground that if production costs are to  
be lowered so that Germany can again com pete on the world 
market, the Government has to assist by rem oving all restric
tions against the import of such necessary m aterials as oils and  
fats, coloring materials, chromium salts, olein and stearin, etc.
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4  A v e n u e  d e  l 'O b s e r v a t o i r e , P a r i s , F r a n c e

C o n g r è s  d u  C h i m i e  I n d u s t r i e l l e

The Congrès de la Société de Chimie Industrielle, which was 
held at Bordeaux in June, has already been reported in several 
communications. W e would like to give special m ention to some 
of the im portant decisions which were given out after the con
gress, especially the obligation of sellers of fish oil to indicate 
from w hat fish the oil put on sale comes. Thé congress has 
also requested the revision of the specifications for supplies to 
the Governm ent of construction materials such as cement. The 
present conditions of reception date from 1887 and are no 
longer in accord with the standards now used.

T he delegates visited the In stitu t du Pin and certain works in 
the Landes region. A t the request of a special com m ittee of the  
Société des Experts-chim istes de France, the definition of the  
essence of turpentine has been discussed and the decisions of the  
Paris congress of 1909 have been modified as follows:

Essence of tu rpen tine  is the p roduct of th e  distillation , a t  a  tem 
pera tu re  below 180° C ., of oleoresinous sugars coming from various kinds 
of pines. T he  ex tra  essence of tu rp en tin e  can only answ er to  th is nam e if 
it  corresponds to  certa in  definite chem ical characteristics. T he  o rd inary  
essence of tu rp en tin e , w ithout any  qualification, is al;jo defined, as well 
as  th e  p roducts know n under the* nam es of essence of pine, essence of wood, 
oil of pine, essence of resin, and oil of resin.

These specifications m ake possible the distinction between  
the true essence of turpentine and the essence produced by the  
distillation of dead wood, this last product being the essence 
of pine or Swedish turpentine.

M oreover, an American mission is now visiting the exploita
tions of Landes as well as the In stitu t du Pin. According to a 
member of this mission, the m ethods employed in the United  
States are inferior to those used in France by reason of the large 
consum ption of wood which brings about the destruction of 
trees that m ight furnish more resin.

O t h e r  M e e t i n g s

The large industrial chemical companies are holding their 
general assemblies at this season and the reports of their coun
cils of adm inistration contain information as to the developm ent 
of these societies.

The Société Kuhlmann, m eeting w ith the Compagnie N ationale  
des M atières Colorantes, explained to  its stockholders that it  has 
this year perfected the manufacture of syn thetic acetic acid 
w ith a view  to the m anufacture of artificial silk. This society  
has also perfected a new m ethod of m anufacture of nitric acid by  
the decom position of ammonia, the ammonia being supplied by  
the coke ovens of the Société des M ines d'Anzin, which are con
trolled by the “Am m onia” society, mentioned in the July letter. 
The question of the agreement w ith the I. G. has also been con
sidered at the general assembly. The president, M . D onat- 
Agache, stated that the Kuhlmann establishm ents had not taken  
up the agreements entered into by the Compagnie N ationale des 
M atières Colorantes w ith the I. G., but that certain understand
ings were being considered. A t present there is absolutely no 
agreement. M oreover, the delivery of dyestulTs by virtue of the  
reparations has been stopped by reason of the uncertainty of 
present political conditions. In a m eeting held a few' days later, 
the Société Kuhlm ann absorbed the Société Commerciale Lambert 
Riviere, special selling agents for the K uhlm ann establishm ent in 
the fertilizer market.

The Société Alsacienne de Produits Chimiques has undertaken  
the manufacture of synthetic camphor and has constructed  
in Britanny a  factory for the extraction of iodine from algae, and 
also a factory for the production of plastic materials w ith phenol 
or cresol base.

The Société de l'A ir Liquide has also held its meeting, at which  
M . Claude described his researches on the extraction of hydrogen  
by compression. H e has also separated ethylene to  be used for 
the synthesis of alcohol.

Separation processes other than compression have been studied  
by M M . Lebeau and Dam iens. T he synthesis of alcohol by  
means of ethylene by the process indicated by Lebeau and 
Damiens, catalyzing the hydration of the ethylene by sulfo- 
vanadic acid, has been studied on an industrial scale a t the  
M ines de Lens. T he process is the sam e as that of D am iens just  
m entioned for the separation of hydrogen by copper sulfate. M. 
Lebeau has contributed a  m odification of this process by adding 
to copper sulfate a little  beta-naphthol; the com pounds thus

formed w ith carbon monoxide have absolutely no vapor tension; 
the separation of the hydrogen is complete.

C a t a l y s t s  o f  D e h y d r a t io n

M . M ailhe is studying the catalysts of dehydration. He 
uses either zinc or magnesium chloride, which he heats directly 
w ith the products such as the waxes, the fats, or even chlorophyll 
extracts— that is, the crude chlorophyll extracted from the leaves 
by washing w ith water, an extract which, besides the chlorophyll, 
contains greasy, resinous, and waxy matter. Under the action 
of heat, m ixing gives condensable products formed b y  methyl 
and ethyl carbides analogous to petroleum. A slight residue 
of coke impregnated w ith magnesium chloride remains. The 
yield of hydrocarbons permits consideration of industrial use of 
the process.

N e w  P r o c e s s  f o r  P r o d u c t io n  o f  O x a l ic  A c id

M . M atignon has described a new process for the production 
of oxalic acid. H e uses carbon m onoxide and potassium car
bonate as in the processes now employed, but he works at a 
temperature of 470° C., and under a pressure of 250 atmospheres. 
Under these conditions the reaction is complete.

S u l f u r i c  A c id  f o r  D e s t r u c t i o n  o f  W e e d s

M . Brioux has studied the saturation in the soil of sulfuric acid 
which is used for the destruction of weeds. This use of sulfuric 
acid is becoming more and more general in France.

M . Brioux has studied the concentration of hydrogen ions and 
has ascertained the im portant role played by heat in the satura
tion of the soil. In  soil very weak in calcium carbonate, the sul
furic acid becomes saturated very rapidly, but in the delimed soil 
the concentration of hydrogen ions increases very sensibly and 
renders impossible the cultivation of plants that are sensitive to 
the reaction of the soil. T he marling and the lim ing are, then, 
indispensable in the decalcified land where it  is desired to  destroy 
the weeds by the spraying of sulfuric acid.

C o p p e r  C o o k in g  U t e n s i l s  H a r m l e s s

Since the work of Galippe, in France, copper has no longer 
been considered a  toxic material in nutrition. M . Effront 
has resumed the study of this problem and has ascertained very 
carefully the am ount of poisoning by copper salts. H e has 
shown by m any experiments th a t vegetables adsorb copper salts, 
so that vegetable foods, such as salads or legum es and cooked 
herbs (spinach), prepared in copper vessels, becom e impregnated 
w ith copper salts, but these salts remain fixed to  the vegetable 
fiber in such a w ay that, even in the stom ach and intestine, they 
do not pass into the organism. There is therefore no poisoning. 
W hen the action of the stom ach is too acid, however, there 
is a partial liberation of these salts and poisoning m ay result.

These experiments are all the more interesting as they tend to 
m ake more general in France the use of aluminium bronze, which 
is more or less rich in copper, as cooking vessels.

A ugust 1, 1924

To Study Liquid Oxygen E xplosives in M exico— G. St. J. 
Perrott, of the Bureau of M ines, has gone to  Pachuca, Mexico, 
where he will spend approxim ately two m onths observing m eth
ods em ployed in the use of liquid oxygen explosives in a silver- 
lead m ine of the Com pania de R eal del M onte Y  Pachuca. 
Mr. Perrott has spent considerable tim e in the explosives labo
ratory of the Bureau of M ines a t Pittsburgh, Pa., in research 
relative to  the use of lam pblack, kieselguhr, and various other 
m aterials suggested as suitable cartridge ingredients for liquid 
oxygen explosives.

W hile a t  Pachuca Mr. Perrott will study the possibilities of 
developing a successful cartridge ingredient for the absorption 
of liquid oxygen which m ay be cheaper to m anufacture than 
materials now used. Other experim ental work under considera
tion comprises the use of cartridges so sensitized as to detonate 
with fuse alone and requiring no fulm inate cap, the study of 
th e  effect of rate of detonation on size and am ount of ore brought 
down, firing w ith electric delay-action detonators protected with 
fiber tube, and the obtaining of gas sam ples of mine air immedi
a tely  after blasts.

D ecrease in  Our Chem ical Exports— During the second 
quarter of the current year the exports of chem icals and allied 
products recorded a 7 per cent advance over the first quarter of 
th is year, bu t a 15 per cent decline from the high figure of a year 
ago. The exports during the m onth of June were lower than in 
the preceding June, and also less than in the previous month of 
the current year, although above the other m onths.



September, 1924 IN D U S T R IA L  A N D  ENGINEERING C H E M ISTR Y 979

Scandinavian Letter
By C. H . A. Robak

H o r t e n , N o r w a y

T h e  N it r o g e n  I n d u s t r y

The Norwegian production of synthetic nitrates is likely to  
be considerably increased in the near future. A t present negotia
tions are in progress between the R oyal Departm ent for Public 
Works and the N orsk H ydro-Elektrisk Kvaelstofaktieselskap, 
the latter on certain conditions offering to buy the power of a 
Government water-power plant a t Glomfjord with a capacity of
100.000 horsepower, for the purpose of manufacturing calcium  
nitrate by the Birkeland-Eyde process. N otw ithstanding the 
competition of the German synthetic ammonia industry, the n i
trate m arket is now rather favorable. If this new plant is built, 
the production will be increased by approxim ately 40,000 tons 
nitrate a year, being now about 100,000 tons.

N e w  P o s s i b i l i t i e s  f o r  t h e  P r o d u c t io n  o f  P y r it e s

A t present the production of pyrites in Scandinavia is very low. 
N ot a single m ine can be worked w ith profit. The cause is not 
so much the com petition of the Spanish pyrites as the new  
methods em ployed in the sulfur mines of Texas, making the sulfur 
quite as cheap as pyrites for use in the sulfuric acid industry. 
In a recent article in Teknisk Ukeblad. a mining engineer, Kirse- 
born, points to the new possibility appearing through the develop
ment of the so-called Eustis process, which aims to produce elec
trolytic iron from the pyrites, from which an eventual copper 
content is separated by a new efficient flotation process, and 
sulfur is obtained as a by-product. W ith a possible production 
of 1,000,000 tons a year of pyrites, nearly 300,000 tons of iron and
400.000 tons of sulfur can be produced in this way.

R e e s t a b l i s h m e n t  o f  A r s e n ic  O r e  P r o d u c t io n

The world’s demand for arsenic has been increasing for some 
time owing to the extensive use of arsenic trioxide in agriculture, 
and so the prices on arsenic ores have shown a rising tendency. 
In northern N on vay there are several large deposits of arseno- 
pyrites containing 25 to 35 per cent of arsenic. After the war it was 
not possible to  work the mines w ith a profit, bu t recent higher 
prices caused a change in this situation, and the owners will start 
working some of the mines in the near future. I t  has not been de
cided, however, whether the ore is to be exported as such or in 
the form of manufactured arsenic.

O i l  f r o m  B i t u m in o u s  C o a l s  o f  S p it z b  e r g e n

On the Arctic isles of Spitzbergen, which recently have become 
a Norwegian dominion, are located a great m any rich coal de
posits. The coals appear in various qualities, one of which, 
the coals from the K ings B ay mines, has turned out to be typical 
cannel coal w ith a rather high content of ashes and sulfur, but 
nevertheless very promising as a material for obtaining oil as a 
by-product by burning in producers. Technical experiments are 
now going on a t the power plant of the Sydvaranger mining com 
pany at Kirkenes in Finmarken, particularly aiming to produce an 
oil which can replace the solar oil used as a m otor fuel by the  
fleet of fishing vessels.

A m e r ic a n  I n v e s t m e n t  i n  t h e  A l u m in iu m  I n d u s t r y

Recently a reorganization has been accomplished within a 
great aluminium com pany in Norway, the Hoyangfaldene. The 
company’s factories were built during the war and got too ex
pensive. Then the raw material had to be imported from 
France, and during the war it was impossible to get a license for 
exportation of aluminium oxide from that country. So the  
company could make no profit from the high prices, and when 
peace tim e arrived and raw materials could be had the capital 
was lost and the prices dropped. The com pany has striven  
against the economical difficulties till this year, when som e Ameri
can money w'as invested in the enterprise, buying half of the 
aluminium factories whereas the original com pany still owns the 
other half as well as the appurtenant water-power plant. The 
production is now about 6000 tons of aluminium a year and can 
be increased to 10,000  tons.

E v a l u a t io n  o f  W h a l e  O il

Each year huge quantities of whale oil are carried to Norw ay  
from various places on the globe by the Norwegian whalers. The  
finest qualities of this oil can be refined to  a high-grade solid fat by 
hydrogenation and can then be used as a human food— in

margarine and pastry. During the fat emergency of the war 
practically all the margarine consumed in N on vay  was m anu
factured from hydrogenated whale oil, and although m ost people 
in those days would turn up their noses a t the “whale taste ,” 
the refining processes have now reached such a degree of per
fection that I find m yself wondering if we do not now eat more 
whale fat in our margarine and pastry than we should like to  
know. One of the large hydrogenation factories which for a 
couple of years has been out of work owing to econom ic troubles, 
recently has been started again w ith fresh capital invested by  
the whaling companies.

" T it a n  W h i t e , ”  a  N e w  W h i t e  P a i n t

Two Norwegian chemists have developed a process by which  
the black material ilenite can be transformed into an intensively  
white powder consisting of titanium  dioxide. A large factory 
has been built and the new paint is now conquering the world 
market because of its superiority in covering value and durability, 
although it costs a little  more than lead and zinc white. In the  
United States a similar process has been worked out independently  
by American chemists, who have started the production in the  
States. The Norwegian and American companies have agreed 
to divide the market between them , the latter covering the two  
American continents while the former takes care of the rest of the 
world market.

Ju ly  31, 1924

Tokyo Letter
By K. Kashima

7 9 2 ,  J k k b u k u r o , n e a r  T o k y o , J a p a n

L im it a t io n  o f  D y e s t u f f s  I m p o r t s

Since the Great War the dyestuff industry of Japan has made 
great progress. About tw enty important dyes of good quality  
are being supplied by the domestic dye companies. She there
fore needs to import only about 2,500,000 pounds of special dyes 
from foreign countries. The dye industry plays an im portant 
role in the organic chemical industry and also in the national 
defense of every country. It is therefore natural that every  
country is striving to develop this industry. Europe was a  
central market for the dyes, but now the balance is changed. 
The oriental market is being disturbed by the dumping of the  
foreign dyes. Therefore, the Japanese Government has wisely  
taken the policy to protect her dye industry. An ordinance 
was issued from the Agricultural and Commercial Departm ent 
requiring merchants wrho wish to import coal-tar dyes and 
chemicals derived from fractionally distilled compounds from coal 
tar, except medicines and phenol, to get permission from the  
minister of the department. The substances lim ited are as 
follows (the numbers correspond to those given in the table of 
the Japanese Customs Tariff Law): N o. 135, artificial musk;
N o. 1507, salicylic acid; N o. 203, saccharin; N o. 215, chemical 
compounds derived from fractionally distilled compounds from 
coal tar, among which are perfumes, w ith the exception of 
benzaldehyde, nitrobenzene and nitrotoluene, phenol, salicylic 
acid, Bakelite, and medicines; N o. 221, /3-naphthol, m ethyl and 
ethyl ethers, cinnamic acid, benzyl and salicylic esters, etc.; 
N o. 237, artificial indigo; and N o. 243, other coal-tar dyes.

J a p a n ’s  P a p e r  I n d u s t r y

Since olden times Japan has been manufacturing her own 
special papers. Among these we can m ention "Torinoko,” 
which because of its durability was used for printing the Ver
sailles Treaty. This paper is considered to be an art production 
like British esparto paper. Its manufacture needs special 
material and technic and the am ount of production is therefore 
limited.

Japan is consuming a large am ount of papers manufactured 
by her own and by foreign methods. The former production 
is called “washi” (Japanese paper), while the latter, "yoshi” 
(foreign paper). There is a tendency for the production of 
“yoshi” to cxceed that of "washi,” since “ pen and ink” is taking 
the place of "hair pencil and India ink,” and the modern printing 
is almost limited to "yoshi.” The am ount of m atch paper and 
colored paper is decreasing. Perhaps in the near future alm ost 
all papers will be manufactured by modern mechanical methods.

Since the war Japan’s paper exports have greatly increased 
as is shown in the following table:
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E xport Im port
(U nit 1000 pounds)

1912 13,334 56,241
1913 10,282 59,270
1914 18,193 41,308
1915 30,910 19,957
1910 62,744 28,533
1917 65,321 13,163
1918 70,819 28,306
1919 59,086 46,603
1920 54,446 45,810
1921 57,731 37,063
1922 56,306 92,627

About 45 per cent of "yoshi” manufactured is used for news
paper and a considerable proportion is used for printing paper 
and high-quality printing paper. The classified production 
of "yoshi” in 1923 is as follows:

1000 Pounds
Paper for new s...................................................... 330,149
P rin ting  p a p e r ....................................................... 108,443
H igh-quality  prin ting  p a p e r ............................ 100,915
Im ita ted  “ T orinoko” ....................................   51,798
W rapping p a p e r ...................................................  39,029
Roll p a p e r ..............................................................  13,796
'•Reoshi-TAshi” ....................................................  10,403
M atch  p a p e r .......................................................... 9,125
Colored p a p e r ........................................................ _8,S72
M iscellaneous........................................................  57,974

Printing paper was imported from the following countries in 
1921:

1000 Pounds
Sw eden .................. .........  4296
U nited S ta te s . . . . 4162
G erm an y ............... .........  3778
G reat B rita in ___ .........  2417
N o rw a y ................. .........  99
C an ad a .................. .........  14
O th ers .................... .........  936

Although some special papers are manufactured from the paper 
mulberry and Edgeworthia chrysanttid; the material for m anu
facturing these papers is mainly pulp made from fir and 
larch, etc., produced in Hokkaido, K abafuto, the foot of the  
M t. Fuji, etc. A large am ount of pulp is being imported from 
Canada. A t present the m ethod of manufacturing paper in 
Japan is greatly improved, and alm ost all papers except heavy  
paper such as is used to cover books are manufactured. Re
cently a com pany was started for making K raft paper, which  
will be put on the market this year. A corporation has been 
formed by twelve paper-making companies, and is manufactur
ing about 90 per cent of the total production.

Ja pan ’s Coal Problem

Electric power is gradually taking the place of coal in every 
direction. Japan m ay be m entioned as one of the countries 
rich in hydroelectricity. The hydroelcctricity utilized at 
present is about 1 ,000,000 kilowatt-hours, which corresponds 
to 6,000,000 tons of coal. The annual consum ption of coal is 
as follows:

Tons
R ailroads ................................................. 3,200,000
S h ips .........................................................  5,000,000
M anufactu ring  iro n ........................... 2,200,000
S alt in d u s try .......................................... S00,000
M iscellaneous in d u strie s ...................  12,000,000

T o t a l .............................................. 23,200,000

In addition, coal is used for manufacturing coal gas, dyes, 
paints, medicines, and as dom estic fuels, etc. There are also 
heat-engine pow'er stations in small towns, whose power is 
about 490,000 kilowatt-hours and corresponds to 2,940,000 tons 
of coal, and whose chief source of power is coal. The total 
production of coal in recent years is as follows:

Production Im p o rt E xport 
(U nit 1000 tons)

C onsum ption

1897 5,230 77 2123 4,091
1907 13,840 36 2972 10,858
1916 22,902 556 3017 IS ,579
1917 26,361 713 2813 20,707
191S 28,029 768 2197 23,026
1919 31,271 700 2001 24,SOI
1920 29,245 797 2130 25,665
1921 26,221 777 2388 24,610
1922 27,702 1169 1691 27 ,ISO
1923 28,675 1651 1574 ~ 28,752

As shown above, the annual production of coal is gradually 
increasing, and it will be seen th a t the production is doubling 
every ten years, comparing those of 1897, 1907, and 1917. 
Its maximum am ount of production, according to  an econo
m ist, will be about 35,000,000 tons. On the other hand, the

consumption is also increasing and it is expected that the amount 
will reach 50,000,000 tons within ten years.

According to the report of the Agricultural and Commercial 
Departm ent, the am ount of coal buried is about 8,700,000,000  
tons, among which the utilizable am ount will be about 3,700,000,- 
000 tons. Up to 1923, about 300,000,000 tons had been mined. 
In M anchuria, the South M anchurian R ailway Company is 
mining in Bujun about 5,500,000 tons anuually, but this amount 
will be increased to 7,000,000 tons in near future. The Santô 
M ining Company has opened their works in the D istrict of Santô, 
and their production is expected to be. about 800,000 tons. A 
part of the coal from these m ines will be imported to Japan for 
controlling her production.

Ju ly  2S, 1024

W ashington Letter
M ills A ppointed  Ch ief  Chemist for C. W. S.

The Chemical Warfare Service is to be congratulated upon its 
selection of John E. M ills as chief chemist. He received his 
chemical education in the South, but soon after the war broke 
out he resigned his professorship in a southern university, and 
early in the fall of 1917 entered the Chemical Warfare Service, 
being one of the very first officers in the First Gas Regiment. 
H e was designated as engineer officer for the regiment. In that 
capacity he served throughout the war. H e w ent to France 
with the Headquarters in January, 1918, and as a consequence 
into training w ith the British at their headquarters for training 
gas troops at H elfaut in northern France. W ithin a month 
Captain M ills was in the front-line trenches w itli the British.

After the war closed he returned to his position as professor 
of chem istry in the University of South Carolina, w'here he re
mained until July, 1923, when he accepted the position of tech
nical adviser or chief of the Technical D ivision at Edgewood 
Arsenal. In M ay, 1924, he was sent to Europe, where he 
spent three m onths visiting England, France, and Germany.

A t one time, Dr. M ills owned and managed a small cotton plan
tation. This knowledge is of particular value at this time when 
the Chemical Warfare Service is charged w ith 1 experiments look
ing to the further control or elim ination of the cotton boll weevil.

Dr. M ills brings to the Chemical Warfare Servicc a knowledge 
that no other m an possesses. Starting out as a highly trained 
research chem ist and teacher, he had the good fortune to go 
through the entire war w ith the Gas Regim ent on duty  at Head
quarters. T hat duty brought him in contact w ith every battle 
and phase of training. He thus learned at first hand an extremely 
practical use of gas in the field. H is work of the past three 
years in the technical direction and coordination of chemical 
research at Edgewood has given him the deepest and broadest 
possible knowledge of the work now being carried on at Edge
wood.

Dr. M ills was not only the first choice of the chief of the 
Chemical Warfare Service for the position of chief chemist, 
recently made vacant, but was the unanimous choice of the 
Com m ittee of the A m erican  C h em ica l S o c ie ty  Advisory to the 
War Departm ent.

P a r t  IV  o f  t h e  N itr o g e n  S u rv e y

This report, prepared by Harry A. Curtis, of the Bureau of 
Foreign and Dom estic Commerce, will be issued in the near 
future as a Trade Inform ation Bulletin. I t  discusses the prin
cipal features of the nitrogen situation in a number of European 
countries. The rapid growth of the air-nitrogen industry in 
Europe is making fundamental changes in the position of the 
U nited States in the nitrogen market.

Chile has long been the chief exporter of fixed nitrogen. W ith
in recent years, however, because of the developm ent of the air- 
nitrogen industry, and the relatively small dom estic demand, 
N orw ay’s exports of fixed nitrogen have exceeded her imports. 
Great Britain likewise exports more fixed nitrogen than she im
ports, having but a moderate agricultural demand and a relatively 
large production of by-product nitrogen from the coal and gas 
industry. Since the war, Germany has been practically self- 
sustaining w ith regard to fixed nitrogen, although under stable 
economic conditions she would probably become an exporter of 
nitrogen. M ost of the more thickly populated countries of the 
world are buyers of fixed nitrogen in the world market, and even 
where dom estic sources of supply have been developed, the 
increasing dom estic demands of agriculture and industry have 
usually more than absorbed the 'supply. The nitrogen situation
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in any one country of the world is necessarily linked more or less 
closely w ith that in every other country, for fixed nitrogen is an 
article of international commerce and it follows that any country 
which can more than m eet the dom estic demands finds a ready 
world market with m any purchasers.

N ew  D ye Census

As w e go to press the D ye Census for 1923, on which thé Tariff 
Commission has been engaged for m any months, is in page proof 
and the detailed report should be ready for distribution by the 
time T h is  Jo u rn a i, issues. The report shows the largest output 
of dyes in the dom estic industry, a reduction in prices, the addi
tion of many new dyes to our m anufacturing program, reduced 
imports, and increased exports on account of the reduced produc
tion of the German dye factories following the Ruhr Occupation. 
It discusses the dye industries of the chief producing countries, 
including Germany, Switzerland, Great Britain, France, Japan, 
and Italy, gives production data, and considers readjustment of 
international dye trade following the establishm ent of industries 
in the above-m entioned countries. The report indicates a large 
increase in capacity to produce dyes since the war— in fact, in 
excess of normal requirements in m any instances.

Increases are also noted in the production of other coal-tar 
dye products, including color lakes, medicinals, flavors, synthetic  
resins, tanning materials, and rubber accelerators, also a large 
increase in the output of synthetic organic chemicals not derived 
from coal tar.

Committee on Standards M eets

The Joint Com m ittee on Definitions and Standards held its 
twenty-sixth m eeting in the Bureau of Chemistry, August 18 
to 22, inclusive. Proposed standards for ice cream, m eat and 
meat products, wheat flour, and jam s and jellies were discussed.

The Joint Com m ittee is composed of nine members, three repre
senting the Association of Official Agricultural Chemists, three 
appointed by the Association of American Dairy, Food and Drug 
Officials, and three from the U nited States Departm ent of 
Agriculture. This com m ittee recommends definitions and 
standards for food products for the guidance of federal and state  
officials in the enforcement of food laws.

T he B o u . W eevil P roblem

The appropriation for the Chemical Warfare Service for this 
fiscal year carries the proviso that not to exceed 525,000 m ay be 
spent in experiments looking to the extermination of the. boll 
weevil. The Chemical Warfare Service lost no time in attacking 
this problem and already has mapped out a system atic, direct, 
and energetic plan of attack.

Some more efficient poison m ust be found for the boll weevil. 
Work has accordingly been planned along the following lines: 
A list of poisonous chemicals has been prepared, which the 
Chemical Warfare Service has reason to believe should poison 
the boll weevil more or less effectively. This list will be expanded 
as a result of further studies which the Chemical Warfare Service 
will conduct, and finally by suggestions from the whole 
chemical profession. In connection w ith the compilation of 
this list, small quantities of the chemicals them selves will be 
manufactured. These quantities will be sent to the Georgia 
Experimental Station at Griffin, Ga., about forty-two miles 
southeast of Atlanta, in the heart of the cotton belt. There em 
ployees of the Chemical Warfare Service, familiar w ith the 
poisons, will carry out the actual work of poisoning the boll 
weevil. In these tests no attention will be paid to  whether the 
poison will injure the plant.

U se of T exas K aolin in  W hiteware Bodies

The Bureau of Standards recently conducted a short investi
gation on a sam ple of kaolin taken from a large deposit in Texas. 
The material was practically pure white, very uniform and, as 
received, was com paratively coarse-grained and w ithout plas
ticity.

Six whiteware bodies, varying in ball clay content from 0 to 
14 per cent, and in which the English china clay was replaced in 
increasing am ounts by Texas kaolin, were prepared and made up 
in the form of test bars, circular disks, and 5-inch plates. These 
were fired to cones 8 and 10. The test bars were used in de
termining shrinkage, transverse strength, and absorption, and the 
disks were used in determining relative resistance to  impact. 
In addition, several shapes were made by the casting process, 
using slips containing Texas kaolin. The bodies obtained were 
very high in transverse strength when dried. The fired bodies 
were exceptionally white, but had a high absorption, and were 
correspondingly low  in transverse strength and resistance to  
impact. The glaze specimens were very good as regards resis
tance to crazing. The results as a whole indicated that Texas

kaolin could be used satisfactorily in whiteware bodies, but 
because of the relative coarseness of grains and its high refrac
toriness, it would require more preliminary grinding than the 
English clays as well as the use of a larger percentage of ball 
clay to produce the desired dried and burned structure in the  
body.

Large Clay P ots M ade by  Casting P rocess

The drying of several clay pots of unusually large size has 
recently been finished by the Bureau of Standards. The pots 
were made by the casting process developed at the Bureau of 
Standards and are intended for use in m aking optical glass. 
Each one is 3 feet 6 inches high and has an outside diameter of 
4 feet 9 inches. The walls have a maximum thickness of 5 inches, 
and each pot requires 1.5 tons of material.

In making pots by this process the clay slip is poured into a  
plaster mold and allowed to "set” or harden. To make the mold 
for these large pots 10 tons of plaster were required, and a number 
of diffifculties were encountered in handling so much of this m ate
rial. For example, in making the largest section it  was neces
sary to mix the plaster in eight batches. Rctarder was added to 
each batch in such proportions that all parts of the mold became 
hard at about the same time. Otherwise the bottom  of the cast
ing would have become too hard for turning before the top was 
hard enough to permit removal of the forms.

Industrial Alcohol Committee M eets

The Alcohol Trades Advisory Com m ittee m et in W ashington  
on August 14 to consider several important questions subm itted  
by the Commissioner of Internal Revenue. The com m ittee, 
being advisory, issues no statem ents as to its recommendations: 
and reports, and as wre go to press no announcements have been  
made by the Commissioner of Internal R evenue or the Prohibition  
Unit indicating the decisions on the questions that were discussed  
at length at the meeting.

R esume of M olasses Patents

Belief that the future of the American beet sugar industry is to  
a great extent dependent on the profitable utilization of the  
molasses produced, has led the Bureau of Standards to prepare a 
resume of the patents relating to the utilization of the nonsugars 
contained in this product. M olasses contains m any valuable 
substances which have never been successfully recovered cxcept 
in Germany. For many years that country has seen fit to veil its 
developments and discoveries and to m aintain the strictest 
secrecy regarding the operation of its molasses plants, So far as 
actual results achieved in Germany are concerned, the scientific  
literature on the subject is practically barren.

In order to carry out the necessary experimental work for the 
American industry every possible source of information has been 
investigated. After a few clues were obtained the United States 
Patent Office literature was searched and eventually over a thou
sand German patents on molasses utilization and associated  
subjects were uncovered.

The difficulty in locating these patents was because they  are 
not listed under sugar or molasses, or other subjects known to  
the investigators. The value of the information contained in 
many of them was so apparent, and the necessity for knowledge 
of their contents was so obvious that it was thought worth while 
to compile a resuin6 of the more important ones, dealing w ith the  
recovery of the nonsugars.

This resume is given in Circular 145 of the Bureau of Standards, 
copies of which can be obtained from the Superintendent of 
Documents, Government Printing Office, W ashington, D. C. 
The price is 15 cents, cash.

W eather T ests of W ire  S creens

Tests to determine the relative resistance to atmospheric cor
rosion of wire screens of different m etals are planned by the B u 
reau of Standards in cooperation w ith the American Society for 
Testing Materials. The m etals to be included in the test are 
copper, commercial bronze, low brass, aluminium bronze, silicon 
bronze, and Ambrac metal. All materials will be tested in the  
form of standard No. 16 mesh screens.

The screens will be exposed to the weather in four locations: 
an inland location, an industrial center, a seacoast, and a tropical 
seacoast. The cloth of each material will be exposed on a painted  
frame that will w ithstand the weather. Three types of frame 
will be used: 12 X 12 inch wooden frames, 30 X 36 inch wooden 
frames, and 30 X 36 inch m etal frames. The tests will be made 
in cooperation w ith the manufacturers of the materials. The  
Bureau of M ines, the Bureau of Lighthouses, and the Panama  
Canal will cooperate with the Bureau of Standards in making 
the exposure tests.

August 22, 1924
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BOOK R E V IE W S

Colour Index. Edited by F. M . R ow e . 371 pages. Pub
lished by the Society of D yers and Colourists, England, 1924. 
Price, £  5 15 s.

T his index is truly a welcom e contribution to manufacturers 
and users of dyestuils of every kind. The announced purpose of 
the work— “ to produce in the English language as accurate and 
com prehensive a work of reference as possible—one th at would  
m eet the requirements alike of Interm ediate and Colour M akers 
o n  the one hand, and Colour Users and Students on the other"—  
has been carried out w ith painstaking care. After the disap
pointing 1923 edition of Schultz’s “ Farbstolftabellen,” which  
w as essentially a reprint of the 1914 edition, the Colour Index 
stan ds out conspicuously. I t  is naturally similar to the Farbstoff- 
tabelleu in general arrangement, but outclasses it  in com pleteness 
and up-to-dateness. I t  lists 1316 coloring matters, of which 1230 
arc synthetic organic dyes, 20 are natural organic dyestufTs, 5 are 
color lakes of the natural organic dyestufTs, and 62 arc mineral 
pigments.

T he inform ation given on each dye is arranged in five columns, 
which give the Commercial Nam e; the Scientific Nam e-Com po- 
neuts-Formula; Preparation; Discoverer-Literature; Descrip- 
tion-Properties-M ode of Application. Another column is left 
blank for m anuscript notes by the owner. The num ber of 
the dyestuils in Schultz’s 1914 edition is given in parenthesis and 
lighter faced type below the new Colour Index number. The 
synthetic  organic dyes are grouped together in 26 classes, which  
are further subdivided as necessary.

A very convenient feature is the series of General Indices a t 
the back of the volum e, which include a  cross index of the Schultz  
and the Colour Index numbers, indexed references to Schultz- 
H eum ann’s “ D ie  Aniliufarben,” indexed references to patents ar
ranged chronologically by countries, an index of interm ediates 
giving their formulas and the dyestufTs for which th ey  are used, 
and an index of the synthetic organic coloring m atters used for 
purposes other than dyeing textile fibers.

The whole work is so com plete and well arranged th a t no m an
ufacturer or large user of dyes can afford to  be w ithout it. I t  can 
easily displace Schultz’s “Farbstofftabellen,” not only in English- 
speaking countries, but even in Germ any itself.

J oseph A. A mbler

T extbook of Cellulose Chemistry. B y  E m il H e u se r . A trans
lation from the 2nd German edition by C la r e n c e  J. W e s t  
and G u sta v u s  J. E s s e le n .  203 pages. M cGraw-Hill Book  
Co., Inc., N ew  York, 1924. Price, 52.50.

T he appearance of a textbook on cellulose chem istry indicates 
that this im portant field is beginning to receive the attention  
due it. The present volum e treats the subject from the point of 
view  that cellulose is an aliphatic alcohol and that the cellulose 
molecule is m ade up of anhydrocellobiose building units held 
together by partial valences and that these in turn are combined  
through crystal valences to give the cellulose fiber. The chapter 
headings are Alcoholates, Esters, Ethers, Oxidation of Cellulose, 
Degradation of Cellulose, and Constitution of Cellulose.

Cotton cellulose is used as a basis for discussion, and the post
ulate is m ade that there is only one type of cellulose and that this 
is the sam e chemical individual in all plants. T he term “cellu
lose” is accordingly lim ited by definition to  a  single chemical 
individual, (Cc,Hi0Oi)„, for which the nam e "orthoglucosan” 
[Th is J ournal, 16, 141 (1924)] has recently been proposed, 
since the term “glucosau,” which would be even more appro
priate, has long been used to designate a sim ple anhydride of 
glucose. W hether the term “cellulose” is to be lim ited thus or 
whether it is to be generic in the sense that sugar and alcohol 
are generic is a m atter that depends upon usage as well as further 
developm ent in the subject.

The author appears som ewhat provincial in his treatm ent of 
the literature on the subject. T his is apparent also to the trans
lators, who have considered it  necessary to  extend the discussion 
of the work of one American contributor on cellulose chem istry. 
T he book m ust therefore be regarded as presenting the particular 
point of v iew  and hypothesis of the author, rather than as a com 
prehensive survey of the subject.

T he assum ption of "partial valences” in the make-up of the 
cellulose molecule is one that has scant support from an experi
m ental point of view . One could expect these valences to be of 
the sam e order of m agnitude and to  be indicated by som e definite 
line of cleavage in the cellulose molecule, but as ye t no such 
evidence is available.

T he book is to be commended for its simplified presentation of 
the subject, and it should prove a stim ulus to further investiga
tive work. The translators have rendered a service to the cause 
of cellulose chem istry in making this volum e available in English.

S. A. M ahood

Lime and M agnesia. B y  N . V. S. K nibbs. 306 pages. Ernest
Benn, Ltd., London, 1924. Price, 30 s.

Although the burning of lim estone is one of the oldest chemical 
operations, the literature is quite scattered, and this volum e rep
resents the first attem pt at a collection of the mass of information, 
data, and practical experience into a single authoritative treatise. 
T he subject is handled under three m ain headings. Part I deals 
w ith the origin and occurrence of lim estone and m agnesite and 
the physical and chemical properties of lim e and magnesia; 
Part II discusses their m anufacture; and Part III, their uses in 
the arts and industries. A rather extensive appendix includes 
tables of physical and chemical properties (including hitherto 
unpublished data from the N ational (U. S.) Lim e Association, 
m ethods of analysis, and other valuable data.

The first part is w holly scientific and records in excellent man
ner and w ith  creditable selectiv ity  the existing information and 
data regarding lime. The treatm ent of m agnesia and its com
pounds is not so thorough. Especial em phasis is directed to the 
very great lack of existing experimental data on m ost of the sub
jects discussed. This section contains facts of great value to 
lime manufacturers if they  will have the patience to  read it in the 
technical form in which it  is presented, but this portion of the 
book will appeal more to the technical m an than to the lime 
burner.

The section on lim e m anufacture is woefully incomplete, and 
the subject is not accorded the space it deserves. I t  is unfortu
nate, for example, that only six pages, including curves, etc., are 
devoted to the theory of the extrem ely im portant and scientifi
cally interesting problem of hydration, and only about five 
pages of text to  the practice of hydration. A  relatively large 
am ount of space is given over to a description of the pot and 
mixed feed type of kilns, which, although rather generally used 
in England, are alm ost never found in m odem  American plants 
outside of the sugar and alkali industries. On the other hand, 
such recent developm ents as the application of rotary kilns are 
dismissed w ith a reference to  texts on Portland cem ent manufac
ture, and such equipm ent as air-swept tube m ills and such opera
tions as tunneling and m ining of lim estone are either barely 
m entioned or entirely ignored. In discussing the very low 
efficiencies of kilns, the causes are treated a t relatively great 
length, but no hints are given as to  how the losses m ay be avoided 
in the actual operation of a plant, and unfortunately the lime 
burner is not so much interested in  a diagnosis of his troubles as 
he is in a cure. In fact, the impression is gained th at this portion 
of the book is not the product of practical and first-hand exper
ience in the industry, but is rather a com pilation from various 
contributions. In this com pilation, however, a compliment is 
paid to Yankee progress in th a t the major portion of the latter 
types of operation and equipm ent described and m ost of the il
lustrations are of American plants.

The uses are briefly but very well treated in the last section.
In these days of modern handbook authorship there seems to 

have developed a tendency toward failure to  give proper credit, 
and it is quite refreshing to  find in this text such a com plete bib
liography at the end of each chapter. In such a  reference book 
for an industry no one subject can be thoroughly discussed, and 
the bibliography is particularly valuable to  those wishing to ob
tain further information on any question.

As m ight be expected in a first edition of the first treatise on 
any subject, a  few errors and inaccuracies have escaped attention, 
but, w ith the exception of the chapters on manufacture, the book 
is an excellent and m ost valuable contribution to the literature 
of the industry.

G. J. F ink
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W hat Industry O wes to Chemical Science. B y  R ich a rd  B .
P ilcher and F rank  B utler-Jones , w ith an introduction by
S ir  G e o r g e  B e ilb y . "The Engineer” Series. 146 pages.
D. Van Nostrand Co., N ew  York, 1924. Price, $2.00.

N o  one reading this little book can doubt that the authors 
have succeeded in showing the dependence of industry on chem 
istry and on science generally. The contents consist of a 
series of articles published in the British publication, The Engi
neer, which probably accounts for the reason w hy it is written  
in rather technical language and w hy it seems to  presuppose of 
its readers an extensive knowledge of chem istry. Though m any  
historical and scientific facts are given in an interesting way, it 
is doubtful if this book could be read w ith intelligence by the 
layman, but it  m ight be read w ith profit by  technical men in in
dustry, by teachers of chem istry, or it  m ight help high school 
students who have had chem istry in deciding their work at college.

Some of the subjects discussed are minerals, metals, heavy  
chemicals, alkalies, coal, coal gas, dyes, explosives, cellulose, paper, 
artificial silk, oils, fats, waxes, soap, candles, leather, rubber, 
mortar, cem ent, refractory materials, glass, enamels, pottery, 
porcelain, acids, bases, salts, solvents, fine chemicals, drugs, 
photographic materials, fertilizers, feeding stuffs, sugar, cold 
storage, condensed milk, dried milk, alcohols, wines, spirits, 
tobacco, inks, pencils, and gases.

The chapter on Governm ent Chemistry gives a list of the  
chemical laboratories m aintained by various branches of the  
Government and shows the value of the work of these labora
tories to the Governm ent and public a t large, and brings home 
most effectively to the general reader the value of chem istry to 
the welfare of the country.

This great am ount of material had to be condensed to a point 
where clearness is som etim es sacrificed and some misunderstanding 
is introduced. Thus, under M inerals and M etals, in regulating 
the carbon content of steel, the sentence "while a workman threw  
in from a shovel sufficient spiegel or ferromanganese to introduce 
the proper proportions of carbon” is misleading. Som e of the  
subjects, such as oil flotation and photography, are treated 
at length and in considerable detail, whereas others are dis
missed w ith only a sentence. A chapter on chemical prod
ucts is in part only a category of a number of chemicals with  
perhaps one use given, but w ith no further information. M ore
over, the type is too sm all for comfortable reading.

The book was written for British readers and therefore deals 
largely w ith the more common industries of Great Britain. 
It also makes particular m ention of the British who have con
tributed to the scientific developm ent of the industries.

W ith fewer subjects considered and written in a more popular 
style, the book would have a more general appeal to readers 
interested in science.

C. A. M ann

College Chemistry Companion. B y  Jam es K e n d a l l .  230 pages.
The Century Co., N ew  York and London, 1924. Price, S I .50.

This book of suggestions, questions, and exercises is intended to 
stand in the sam e relationship to  Sm ith’s “ College Chem istry” 
and Sm ith’s “ Laboratory Outline” as the "Revised Catechism ” 
does to the K ing Jam es Bible and the “Book of Common Prayer.” 
It should prove a  real aid to faith for beginners just introduced to  
Avogadro’s number and the ionic theory. Its atmosphere, 
however, is anything but that of dry theology— is, in fact, so 
breezy and refreshing that it m ust have been written while its 
author was on a trip out W est. In Chapter I we see him do a 
stunt of broncho-busting w ith density determinations and experi
mental errors. N o te  the gleeful yells w ith which he gallops after 
the hitherto untam ed difficulties of chemical arithmetic, and 
listen to the shocking language (p. 223) w ith  which he refers to  
his own book.

Still, closer scrutiny of this exuberant “ Companion” reveals 
evidence of an origin somewhere in the decadent East. For there, 
we understand, strange new cults are finding converts. W e note 
references to private seances (p. 41) and crystal-gazing (p. 63). 
Again, Le Chatelier’s principle is illustrated by a disgraceful epi
sode, which could have a meaning only to students east of the  
Hudson. W ith uttc’r lack of shame the author remarks that 
crystallized oxalic acid should have a high degree of purity, but im
plies that the instructor who dispenses it need not (p. 165). Out 
West personal virtue still seems worth while; for a chemist, 
testifying on a poison case, was recently asked by the opposing 
counsel: "Professor, are your reagents pure?”

Though addressed to the beginning student, this book is sure 
to offer new m ethods of presentation— not to  mention snappy 
stories— with which the instructor using any text m ay enliven dry

lectures. Its graphical charts, to illustrate abstract principles, 
and its many references»to books and recent magazine articles of a  
popular nature are especially praiseworthy. These features, and  
especially the remarks concerning what is m ost worth studying in  
individual chapters, m ight well be transferred to future editions of 
the books it is intended to  supplem ent. So successful should  
such methods be in holding the student’s interest that one m ight 
alm ost wish Professor Kendall had reversed his procedure, by  
giving us first as sprightly an interpretation of chemical science as 
this, then supplementing it w ith a student’s manual of problems 
and exercises, as dull as necessary.

The book has som e excellent photographs. T he therm ody-' 
namic properties of ammonium nitrate are appropriately illus
trated by a hole in the ground, a t  Oppau; adsorption, by a 
beauty chorus, in gas masks; while a t the close is a photograph 
of two famous scientists examining an unnamed piece of appara
tus. From the heading of the page which this faces, the non
technical reader will probably take it to be an electrical appendix, 
and remark with Mr. Edison, "W hat next?”

H. G. D em ing

Waterproofing Textile Fabrics. B y H e r b e r t  P. P ea r so n .
112 pages. The Chemical Catalog Co., Inc., N ew  York,
1924. Price, S3.50.

This book is well arranged and clearly written, but m uch of 
value is omitted. The Bibliography is good, but unfortunately  
space limitations have prevented patent abstracts which would  
have been valuable.

The distinction between "waterproof” and "water-resistant” 
is correct, but the m ost successful treatm ents for wagon covers 
and tarpaulins needing practically effective waterproofing are of 
the porous, pigmented, blended, soft wax type.

Basic principles are well stated but do not m ake it  clear that 
the plugging or "Cofferdam” effect of pigments is the chief rea
son for their use. The fact that som e waxes, of high initial 
water resistance, quickly hydrolyze, saponify, or granulate upon 
exposure is not emphasized. Blends of m etallic soaps and resi- 
nates with selected waxes are not considered, though largely used, 
nor is the effectiveness of different pigm ents and the danger from  
oxygen-carrying pigments discussed. The value of pigm ents for 
resisting light and for producing agreeable colors m ight well be 
emphasized. The difference between destructive mildews and 
their specific poisons which makes mixed preservatives necessary, 
is not mentioned. The difficulty of com plete fiber impregnation  
and methods for securing it  are not described. The modern, 
largely produced, and cheap mordanting processes, which make a 
blend of oxides, metallic soaps, and waxes, and produce practi
cally effective mildew-resisting and rainproof tentages are over
looked. M achinery for waterproofing is sketchily treated and the  
latest types of regulated roller coating or spreading machines are 
not described. Awning fabric makers are unjustly criticized. 
Proofed fabrics have been unsuccessful because awnings are re
placed when dull or dirty but still sound.

N o mention is made of the successful and convenient liquid 
waterproofings which benefit the farmer or other user more than  
the somewhat empirical formulas of uncommon materials, 
m essy and not too safe to  mix and apply. These ready-for-usc 
products have greatly increased hom e and farm treatm ent of 
canvas and have been very effective conservators of cotton goods.

W illiam H . A dams

The Resources of the Empire. Chem icals. B y  A. W. AsiiE  
and H. G. T. B oorm an, xxvi +  207 pages. Ernest Benn, 
Ltd., London, 1924. Price, 21 s. net.

Under the general title, Ernest Benn, Ltd., has published a 
series of tw elve volum es dealing w ith the principal industries of 
the British Empire. These are: Food Supplies; Tim ber and 
Timber Products; T extile Fibres and Yarns; Fuel, Rubber, Tea, 
and Cacao; Leather; Chemicals; Ferrous M etals; Non-Ferrous 
M etals; Oils, F ats, W axes and Resins; and Communications.

The volum e on Chemicals is a stock-taking, w ith the various 
chapters giving information regarding chem ical raw m aterials 
and manufactured products of the various parts of the British  
Empire, very much as the census issued by the U nited States  
Government m ight deal w ith similar resources of the various 
states. T he volum e therefore brings to  the reader concise in 
formation otherwise difficult to  obtain in such readable form, 
and in addition there are afforded interesting summaries and 
arguments on conditions which face the chem ical industry of the  
Empire. T he summarized conclusions and argum ent emphasize 
the desirability of enabling the Em pire to  satisfy  all its chemical
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needs for itself and to make itself independent of outside re
sources. T he discussion is expanded to .include the question of 
whether or not it  is better from the Em pire’s view point for each 
of its parts to  produce its own needs w ith  local raw m aterials 
or to  centralize the m anufacturing part of the chem ical industry, 
drawing upon the Em pire as a source of raw material. After 
discussing various phases of this econom ic problem, in  which it 
is pointed out that "artificial aids are necessary if a chemical 
industry is to  be built up in the newer countries which have not 
the experience necessary to produce cheaply, and w ithout cheap  
production they cannot hope to com pete in world m arkets, and 
lead to  the second essential, large production,” the conclusion  
is reached that the United K ingdom  should be considered the 
great chem ical m anufacturing and distributing organization of 
the Empire, leaving the dom inions to  supply the raw m aterial 
required. In v iew  of the desire of m ost dom inions to establish  
their own m anufacturing centers, it  m ust have required some 
courage to  announce this decision, however sound it m ay be.

One finds th at the sam e disadvantages which face American 
m anufacturers are to  be found in the British problem— nam ely, 
com petition w ith countries having debased currencies, low  wages, 
and longer hours, as well as lower taxation. The labor situation  
is well put in the sentence "if labor would give of its best— and 
the best British labor is very good— there is nothing whatever  
to be said against short hours and high wages. T he whole 
m atter is sim ply one of output, and if the output be there the 
wage can be high and the hours short.”

Apparently, Britain also shares the v iew  that "one of the  
greatest steps that could possibly be taken would be, in our 
opinion, a greater association of interests in the chem ical industry 
than exists a t present.” Those of us who look askance a t strong 
organizations will find food for thought in  the concluding m essage 
of this book, which urges thorough organization of the British  
Em pire industry as the best means of m eeting world com petition, 
which is found to be far more severe than ever before, and in 
the apparent determ ination of British m anufacturers to take 
such legitim ate m eans as m ay be necessary to regain and hold 
their rightful place in the chem ical-producing world.

Storage Batteries. B y  G e o r g e  W ood V in a l. 400 pages.
John W iley & Sons, Inc., N ew  York, 1924. Price, 34.50.

Because of his long service a t  the Bureau of Standards, the  
author has evidently com e in contact w ith m ost of the modern 
storage batteries, and has been assisted in the preparation of 
this book by com petent engineers connected w ith the industry.

As is to  be expected, the book covers quite extensively the 
different lead cells w ith pasted plate processes, together with  
details of mechanical construction, and particularly of testing. 
T he Edison battery is described in about 7 pages, and in the  
chapter on Theory the theories of all storage and primary bat
teries are well covered. Sulfuric acid is very carefully discussed in 
50 pages, and the treatm ent of electrical constants and methods 
of using the diluted acid, as well as the effects of impurities from 
the viewpoint of good storage batteries, is very thorough.

A great deal of very valuable technical data are given which 
have evidently been the result of years of collecting, and these 
data are obtained from the different types of modern practical 
batteries. Em phasis is laid on the advantages or disadvantages 
of m ost of the variations of dimensions and materials for battery  
uses which would interest a battery maker, and on this account 
the book gives the impression of being particularly useful to  the  
industry. D etails seem judiciously given and explanations of 
theory are clear.

As nearly 40 pages are devoted to details of charging and dis
charging batteries, the effects of different rates on life, etc., the  
practical battery user could learn much from the chapter.

So much is also included on the care and repair of storage bat
teries that the-book ought to be of value to the modern garage 
men who now handle, or mishandle, the batteries on our millions 
of automobiles. I t  is this part of the subject which seems m ost 
valuable, and no better excuse for a new book on this old subject 
is needed than the fact th a t thousands of new mechanics now 
want to know more about m odem  storage batteries. The illus
trations are frequent and are particularly well fitted to instruct 
the man who wants to know about his battery or undertake its 
test or repair.

The book does not deal w ith the future of storage batteries 
or with new principles. I t  does not open new fields for over
coming the adm itted deficiencies of storage batteries in general, 
and it does not represent new research work on the frontier of 
the theoretical problems of new electrical storage cells. It does 
not even emphasize the fact that no fundam entally new steps in 
our methods of storage of electrical energy have been m ade in 
the last quarter century. It helps the user, however, by such

practical details as explaining how the autom obile m ay not start 
well even though its lamps burn well, because corrosion of the 
battery terminals makes such a difference in available energy 
rates.

There is a peculiar reason for publishing this kind of a book by 
this kind of an expert, and Dr. Stratton while director of the 
bureau evidently recognized it. Bureau experts are presumably 
com petent, well-trained, and industrially neutral men. They 
are in position to collect great quantities of information on many 
subjects. Such information is naturally published in bureau 
reports, but the book type, or the accum ulation of years of in
formation covering some one field, which naturally cannot be 
printed in bulletin form, apparently can and therefore should be 
made available to the interested public, as is this case of the 
"Storage B atteries.”

W. R. W hitney

Em inent American Chem ists. A Collection of Portraits of Em i
nent Americans in the Field of Chem istry from the Earliest 
D ays of the Republic to the Present, together with Short 
Sketches of the Work of Each. Compiled and edited by
D. H . K i l l e f f e r .  33 pages. Published by D. H. Killeffer, 19 
E ast 24th St., N ew  York, N . Y . Price, $6.00.

The number of requests for a collection of portraits of eminent 
Americans in the field of chem istry led Mr. Killeffer to undertake 
the collection and publication of a group of portraits w ith biog
raphies, including thirty-three of those who have been prominent 
in chem istry from the earliest days of the republic to the present 
tim e. The list w as chosen from a m uch longer list of American 
chem ists by asking m any qualified to choose, to indicate their 
preference. This list represents the result of that vote, the in
tention being to  publish further collections if the present offering 
m eets the approval of the chem ist generally.

These portraits, which are suitable for framing, are furnished in 
a loose-leaf binder w ith  the biographical sketch and statem ent of 
work so printed as to  be left in the folder or framed with the 
portrait. The portraits are produced by a  new process, which 
seems very satisfactory. ■

T he collcction will be valuable to libraries and indispensable to 
those teachers who believe in having their students become 
acquainted w ith  chem ists as well as w ith  chemistry.

Schw efel- und Stickstoffstudien. B y  F. R a sch ig . 310 pages.
Verlag Chemie, Leipzig and Berlin, 1924. Price, $2.50.

The studies reported in this book extend over about thirty 
years. Portions have appeared from tim e to tim e in various 
German journals, but would probably never have been assembled 
and coordinated if the author, as he states in the preface, had not 
been forced to leave Ludwigshafen through the prosecution of 
a case against him by the French occupation troops, and hence 
had an opportunity, because of the tim e thus hanging on his 
hands, to review his laboratory notebooks and prepare the present 
treatise.

The subjects discussed are: the behavior of nitrous acid toward 
sulfurous acid; new  oxides of nitrogen; the constitution of ni
trogen iodide; the nitrogen com pounds of gold; monochloramine, 
the am ine of hypochlorous acid; condensation products of chlor
aminę and aldehydes; nitroxyl and dioxyammonia; hyponitrous 
acid; potassium  nitrosylsulfite; the trisulfo acid of hydroxyl- 
amine; the isodisulfo acid of hydroxylam ine, the disulfo acid of 
hydroxylam ine, the m onosulfo acid of hydroxylam ine; oxidation 
of hydroxylam ine; oxidation of hydrazine and its sulfo 
acids; oxidation of triazoic acid; reduction of triazoic acid; 
com bustion of ammonia to hydrazine and diimide; action of 
sulfite, bisulfite, and sulfurous acid on hydroxylamine; con
stitution of organic sulfurous acid derivatives; the action of 
hypochlorite on />cresold¡sulfonic acid; action of bisulfite and 
sulfite on nitro and nitroso compounds; the preparation and prop
erties of polythionic acids; and the constitution of polythionic 
acids.

This formidable list of subjects, handled in a clear and sure 
manner, cannot fail to interest a w ide circle of workers in as di
verse fields as chamber sulfuric acid manufacture and dye manu
facture, and since there is much new information sprinkled 
through the book, it cannot help but start new lines of thought.

The author’s tendency to seek a com plicated explanation for 
the course of an apparently sim ple reaction, one which often 
involves the assum ption of hypothetical or evanescent compounds, 
is again evident, as it was in some of his earlier papers—for ex
ample, in his well-known paper on the chamber process. Wher
ever such unusual courses of reactions are suggested, however,
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the author advances experimental evidence which appears to  
substantiate his conclusions.

W hile the author was undoubtedly much inconvenienced by  
the French occupation troops, one cannot but feel grateful to 
them if they  were, even if unintentionally, the cause of the appear
ance of this valuable book.

F red C. Zeisberg

System atic Organic Chemistry. B y  W illia m  M . Cumming,
I. V a n ce  H opper, and T . S h e r lo c k  W h e e le r ,  xxii +  535 
pages. 22 X 15 cm. D . Van N ostrand Co., N ew  York, 1924. 
Price, $6.00.

"The present work is intended as a com plete laboratory guide 
to the preparations and estim ations of organic chem istry for un
dergraduate and post-graduate students.”

The book is very different from any which has previously ap
peared in English on this subject. Its nearest prototype is the  
organic part of V anino’s Handbuch. I t  contains about half as 
m any preparations as that work, but in addition contains ex
cellent sections on apparatus and m ethods and on organic analy
sis.

Part I contains 47 pages of hints and suggestions on apparatus 
and m ethods which will prove valuable to all organic chem ists. 
Among the very few om issions of im portant subjects in this part 
are the use of shower baths in laboratories in case of fire, the 
poisonous action of the various anilines, the treatm ent of phenol 
burns w ith bromine in glycerol, and the use of the centrifuge in 
draining crystals. T o offset the few om issions there are countless 
helpful suggestions not ordinarily found in laboratory manuals.

Part II, of 388 pages, contains about five hundred preparations 
classified under about tw o hundred types of reactions. The  
classification of these types of reactions forms the m ost d istinctive  
feature of the book. T hey  are classified according to the new  
linkage formed in each reaction. T he first of these is naturally 
the formation of a new  carbon-to-carbon linkage. This includes 
most of the "condensations” classified according to the nature of 
the compounds which enter the reaction. Then com e the linking 
of hydrogen to  carbon, oxygen to  carbon, nitrogen to  carbon, sul
fur to  carbon, halogen to  carbon, hydrogen to nitrogen, and nitro
gen to nitrogen. T hen follow chapters that give m ethods for 
making im portant types of dyes, drugs, electrolytic preparations, 
extraction of products from natural sources, stereochem ical re
actions, decom positions, and m iscellaneous preparations. A  
valuable feature of this part is the rather full discussions of the 
various types of reactions before the presentation of specific 
preparations involving them .

Part III , of 64 pages, considers the analytical side of organic 
chemistry. After the usual m ethods of qualitative and quantita
tive elem entary analysis and molecular w eight determ inations, 
given som ewhat more interestingly than usual, com e chapters on 
estim ations of various groups such as am ino, hydroxyl, acyl, 
alkoxyl, etc., estim ations of nitro, nitroso, and azo com pounds 
by means of titanous chloride, estim ations based on diazotization  
or coupling, and m iscellaneous estim ations such as those of thio- 
phene in benzene, enolic com pounds, acetone, etc.

Part IV, of 25 pages, contains an inorganic section, which in
cludes the preparation or purification of m ost of the inorganic 
reagents used in organic chem istry and a section on tests for com 
mon organic acids, alkaloids, and carbohydrates.

The impression produced by the book is favorable from every 
angle. The m aterial is well chosen and well presented. M ore
over, it is thoroughly up to date. E ven as recent a work as 
"Organic Syntheses” has been used as a source of preparations.

While its size and cost w ill probably prevent any wide use 
as a laboratory m anual, the work is one which should form part of 
any organic library, however small.

F ra n k  C. W h itm ore

Kapillarchemie. E ine D arstellung der Chemie der Kolloide 
und verwandter G ebiete. B y  H e r b e r t  F r e u n d lic h . 3rd 
edition, xv  4- 1225 pages, 157 figures, 24 X 15.5 cm. Aka- 
demische Verlagsgesellschaft, M . B. H ., Leipzig, 1923. Price, 
32.50 M .

This third edition of Freundlich’s monumental and classic 
work on colloid chem istry is a  reprint of the second edition [for 
review see J . A m . Chcm. Soc., 44, 2659 (1922)], with the addition 
of an appendix consisting of 43 pages of notes supplementing the 
former edition. Each note refers to a definite page number, 
making reference easy. These supplem entary notes serve to 
bring the book fairly up to date; they are accompanied by 177 
references to work mentioned. Among the important additions

are discussions of the following: the work of Harkins and Roberts 
on the relation between surface energy and heat vaporizations 
of Harkins and Cheng on iuterfacial tensions of organic liquids 
against water; a discussion of the theories of Langmuir and 
Polanyi on adsorption; the experiments of Taylor and Burns on  
adsorption by finely divided m etals; Sulm an’s paper on flotation; 
the dependence of adsorbability on solubility for pairs of isomers, 
as pointed out by Izaguirre; the m ethod of measuring surface areas 
of powders and thickness of adsorbed films devised by Paneth; 
the experiments of Adam confirming Langmuir’s view s concerning 
orientation of the molecules in oil films on water surfaces; the  
work of Volmer on the formation of crystals from vapor and from 
solution; the work of Schuster supporting the view  of W eiger 
that double refraction is due to groups and agglomerations of 
amicrons; the work of H aber on the crystallinity of colloidal par
ticles and precipitates, showing that these particles are more often  
crystalline than formerly had been supposed; the view  of Fajans 
concerning the charge on a colloidal particle and the adsorption  
of ions; the spectrophotometric work of Boutaric and Vuillaum e 
on coagulation speed of As2 S3 sols, which confirms Sm oluchowski’s  
opinion that there is no autocatalytic appearance to the coagula
tion, but an immediate increase in light absorption; Traube ancl 
K lein’s observations that m any concentrated or saturated solu
tions of slightly soluble substances contain some of the m aterial in 
a dispersed condition observable in the ultramicroscope; Loeb’s  
theory of protein behavior and papers of Proctcr and Procter and 
Wilson; and the work of Bradford and of N otboom  on rhythm ic  
precipitation.

The book is a veritable storehouse of authentic information, 
and there should be an English translation.

H. J. M a th e w s

N e w  B o o k s

Autobiography of John  Fritz. 327 pp. I llu stra ted . John W iley & Sons, 
Inc., New York. Price, $2.00.

Carbonisation of Seaw eed as a Prelim inary  to the  E xtraction of Iodine and  
Potassium  Salts. J. G. K i n g .  Technical Paper 9 of th e  Fuel R esearch 
B oard. 16 pp. H . M . S tationery  Office, London. Price, 0 d. net.

D ie Ferm ente und Ih re  W irkungen. C a r i ,  O p p e n h e i m e r  a n d  R i c h a r d  
K u i i n .  ICO  pp. Illu stra ted , Georg Thiem e, Leipzig. Price, $ 1 .5 0 .  

D istribution et Réglage de la C haleur dans les Insta lla tions de Chauffage 
par l’Eau et la Vapeur. A . N b s s i  a n d  L. N i s o l l e .  4 0  pp. Illu stra ted . 
Dunod, Paris. Price, S fr.

Food Products. H e n r y  C. S h e r m a n .  2nd edition, revised and  enlarged.
687 pp. T he  M acm illan Co., New York. Price, $3.00.

Gaz et Cokes. M anuel de la Fabrication  e t de l’U tilisation des Gaz de  
D istillation e t des A utres Gaz Industrie ls  des Cokes et des S ous-produits 
de la Houille. A. G r e b e l  a n d  H . B o u r o n .  700 pp . I llu stra ted . 
Dunod, Paris. Price, 67 fr. 50.

H andbook of Petro leum , Asphalt and  N atural G as. R o y  C r o s s .  1 9 2 4  
edition, revised and  rew ritten . 750 pp . K ansas C ity  T esting  L abora
tory, K ansas C ity, M o. Price, $7.50.

Icarus, or the Fu tu re  of Science. B e r t r a n d  R u s s e l l .  6 4  p p .  E .  P .
D utton  & Co., New York. Price, $1.00.

Jam es Dewar. H . E . A r m s t r o n g .  3 2  p p .  E rn est B enn, L td ., London. 
Price, 1 s. 6 d.

M easurem ent, Compression and  Transm ission  of N atu ra l G as. L o u is
C. L i c h t y . 523 pp. Illustrated . John  W iley & Sons, Inc ., New Y ork . 
Price, $7.50.

New Theories of M atter and  the  Atom. A l f r e d  B e r t h o u d .  259 p p .
Illustrated. T he M acm illan Co., New York. Price, $3.50.

Précis de M étallographie M icroscopique et de M acrographie. L é o n  
G u i l l e t  a n d  A l b e r t  P o r t e v i n .  2nd edition. 3 3 7  pp. Illu stra ted . 
Dunod, Paris. Price, 65 fr.

Proceedings of the  N ational W holesale D ruggists1 Association. 49 th  
Annual M eeting, October 8 to  12, 1923. 688 pp. I llu stra ted . T he
N ational W holesale D ruggists’ Association, New York, N . Y.

Pulverised Fuel and  Efficient S team  G eneration . D a v i d  B r o w n l i e .
470 pp. T he In s titu tio n  of Electrical Engineers, London.

Quantitative Chemical Analysis Adapted for Use in  the  L aboratories of 
Colleges, of Technical In s titu te s , and  of A nalysts. F r a n k  C l o w e s  a n d  
J . B e r n a r d  C o l e m a n .  576 pp. P . B lakiston’s Son & Co., P h iladelphia . 
Price, $5.75.

R epartition G énérale de la  C haleur dans les Im m eubles au  M oyen de 
Centrales *Thermiques avec o u 'san s  U tilisation de la  Force M otrice. A. 
N e s s i .  6 0  p p .  I llu stra ted . D unod, Paris. Price, 1 2  fr.

Technique et Pratique des M oteurs à  H uile Lourde à  In jec tion  D irecte .
Y. L e G a l l o u .  208 pp. Illu stra ted . D unod, Paris. Price, 38 fr. 50. 

“ W here to Buy” Everything Chem ical. 228 pp . 1924 export edition.
E ditor "W here to  B uy ,” London. Free distribution .

1 9 2 4  Year Book, A m erican A ssociation of T extile  C hem ists and C oloris ts . 
210 pp. Howes Publishing Co., Inc ., N ew  York, N . Y.
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N otice— 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 Foreign and D om estic Commerce

F rench  D yestuffs In d u stry . F . B. G o r i n . Trade Information Bulletin  
253. Issued A ugust 4, 1924. 21 pp.

New P harm aceu tica l P repara tions in  G erm any. W . T . D a u g h e r t y .

Special Circular 44, Chem ical Division. 7 pp . Issued Ju ly  23, 1924. 
Pe tro leum  in Jap an . A. T . CoumbE, J r .  Trade Inform ation Bulletin  245.

27 pp . Issued June  30, 1924.
Scotland— D yestuffs T rad e . H .  A. J o h n s o n . Chemical Trade Bulletin  

33-B. 1 p. Issued Ju ly  11, 1924.
W orld Survey of the  Zinc Industry . J . A. S t a d e r . W ith  a  rep o rt on 

U nited  S ta tes  p roduction  and  tra d e  by  C. E. S i e b e n t h a l , geologist, 
U nited  S ta te s  Geological Survey. Trade Inform ation Bulletin  246. 
60 pp . Issued June  30, 1924.

Bureau of M ines

Effects of E x traneous G as on th e  Production  of Oil W ells in the  Lyons- 
Q uinn F ield  of O klahom a. M . J . K i r w a n . Reports o f Investigations 
2612. 2 pp . Issued June, 1924.

F ilter Sand for M unicipal W ater Supply. W. M . W e ig e l.  Reports o f 
Investigations 2622. 6 pp. Issued Ju ly , 1924.

M icrochem ical Analysis and  I ts  Application in the  D eterm ination  of Low- 
G rade O res. E . E . F a i r b a n k s . Reports o f Investigations 2613. 6 pp.
Issued June, 1924.

Saving G asoline and Increasing  M ileage by P roper C arbureto r A djustm ent.
G. W . J o n e s  a n d  A. A. S t r a u b . Reports o f Investigations 2616. 9 pp.
Issued June, 1924.

Size and  C haracter of G rains of N onm etallic M ineral F illers. W . M .
W e ig e l.  Technical Paper 296. 41 pp. Paper, 15 cents.

T he  U tilization of Dolom ite for R efractories. G. A. B o le .  Reports o f 
Investigations 2627. 11 pp . Issued Ju ly  11, 1924.

Bureau of Standards

Physical P roperties  of M aterials . I— Streng ths and  R elated  P roperties  of
M eta ls  and  W ood. Circular 101, 2nd ed. Paper, 40 cents.

T herm al Expansion of M olybdenum . P e t e r  H i d n e r t  a n d  W . B. G e r o .
Scientific Paper 488. 16 pp. Paper, 10 cents.

U nited S ta tes  G overnm ent M aste r Specifications for F ire-E xtinguish ing  
Liquid (C arbon T etrachloride  B a s $ .  Circular 134, 2nd ed. 6 pp. 
P aper, 5 cents.

U nited S ta tes  G overnm ent M aste r Specification for F la t G lass for Glazing 
Purposes. Circular 164. 12 pp . Paper, 5 cents.

U nited S ta te s  G overnm ent M as te r Specification for Olive D rab  P a in t 
(Sem ipaste and  R eady-M ixed). Circular 165. 11 pp . Paper, 5 cents.

U nited S ta tes  G overnm ent Specification for A sphalt for M ineral-S urfaced  
Roofing. Circular 159. Paper, 5 cents.

U nited  S ta te s  G overnm ent Specification for A sphalt for W aterproofing 
an d  D am p-Proofing. Circular 160. Paper, 5 cents.

U nited  S ta tes  G overnm ent Specification for A sphalt P rim er fo r Roofing 
and  W aterproofing. Circular 162. Paper, 5 cents.

U nited S ta te s  G overnm ent Specification fo r A sphalt-S a tu ra ted  R ag F e lt for 
Roofing and  W aterproofing. Circular 161. Paper, 5 cents.

U nited S ta tes  G overnm ent Specification for C oal-Tar P itch  for Roofing.
Circular 157. Paper, 5 cents.

U nited S ta te s  G overnm ent Specification fo r C oal-Tar P itch  for W ater
proofing and D am p-Proofing. Circular 155. Paper, 5 cents.

U nited S ta te s  G overnm ent Specification for C oal-T ar S a tu ra ted  R ag Fe lt 
for Roofing and  W aterproofing. Circular 156. Paper, 5 cents.

U nited S ta tes  G overnm ent Specification for Surfacing M ate ria ls  for B itu
m inous B uilt-Up Roofing. Circular 158. P aper, 5 cents.

Congress

Diploma M ills. H earings before subcom m ittee  p u rsu an t t o ‘S. Res. 61, 
au thoriz ing  C om m ittee on E ducation  and  L abor to  inquire in to  certa in  
abuses in medical education . Jan u a ry  19 to  M arch  28, 1924. 98 pp.
Paper, 5 cents.

M uscle Shoals. H earings on S. 139, S. 2372, S. 2747, S. 3214, and  H . R . 
518, bills re la tive  to  com pletion of M uscle Shoals. A pril 28 to  M ay  20, 
1924. P a r ts .3 to  5. 736 pp. P a rt 3, 30 cents; P a rt 4, 10 cents; P a r t  5,
25  cents.

W ater Pollution. Views to  accom pany H .R ,  518 (to  provide for m anufac
tu re  of explosives for use of A rm y and  N avy , to  provide for m anufacture of 
fertilizer an d  o th e r agricu ltu ral products, to  incorporate  Federal Power 
C orporation , and  for o th e r purposes). Subm itted  b y  M r. L add, June 3, 
1924. S . Report 678, P a r t  2. 20 pp . Paper, 5 cents.

Departm ent of Agriculture

D elin ting  and  R ecleaning C ottonseed for P lan tin g  P u rposes. J . E .  B a r r .
Department Bulletin  1219. Paper, 10 cents.

E lem ental Com position of th e  Corn P lan t. W .  L .  L a t s h a w  a n d  E .  C .
M i l l e r .  Journal o f Agricultural Research, 27 (M arch  15, 1924), 845-60. 

Investigation of D ust C ontent of A tm osphere. H .  H. K i m b a l l  a n d  I. F. 
H a n d . N ote on O rganic Bodies Found in Air of W ashington and  London. 
S i r  N a p ie r  S h a w . D ust Fall of M arch 29, 1924, P relim inary  Note.
E .  R .  M i l l e r .  F rom  M onthly Weather Review, M arch , 1924. 8 pp. 

T entative S tandard  M ethods of Sam pling and  T esting  H ighw ay M aterials. 
A dopted  b y  the  A m erican A ssociation of S ta te  H ighw ay Officials and 
approved  by the  S ecretary  of A griculture. Department Bulletin  1261. 
Paper, 15 cents.

T ests  of M ethods of P ro tecting  W oods against T erm ites  or W hite Ants. 
P rogress R eport. T .  E .  S n y d e r . Department B ulletin  1231. 16 pp
Paper, 5 cents. Issued Ju n e  26, 1924.

G eological Survey

B auxite and  A lum inium  in 1923. J .  M .  H i l l . M ineral Resources o f the 
United States, 1923. P a r t  I ,  pp. 23-24. Published Ju ly  21, 1924.

B ibliography of N orth  A m erican Geology for 1921-1922. J .  M .  N i c k l e s .
Bulletin  758. 273 pp. Paper, 25 cents.

F luorspar and  Cryolite in 1923. H . W . D a v i s . M ineral Resources o f the 
United Slates, 1923. P a r t  I I , pp . 27-40. Published Ju ly  25, 1924.

Gold, Silver, Copper, Lead, and  Zinc in the  E aste rn  S ta te s  in 1923. M ines 
R eport. J .  P . D u n l o p . M ineral Resources o f the U nited States, 1923. 
P a r t  I, pp . 1-7. Published Ju ly  7, 1924.

G round W ater in M usselshe ll and  G olden Valley C ounties, M ontana. A. J. 
E l l i s  a n d  O. E .  M e i n z e r . P repared  in codperation w ith the State 
E ngineer; th e  D ep artm en t of C hem istry  of th e  M o n tan a  S ta te  College,
Bozem an; and  th e  W ater L abora to ry  of th e  M o n tan a  S ta te  Board of
H ealth . W ater-Supply Paper  518. 92 pp. P aper, 20 cents.

M ineral R esources of the  U nited S ta te s  in 1923 (P relim inary  Summ ary). 
In tro d u ctio n  by  F .  J . K a t z . S ta tis tics  assem bled by  M .  B .  C l a r k . 
130 pp . Published A ugust 6. 1924.

P e tro leum  in  1922. G .  B .  R i c h a r d s o n . M ineral Resources o f the United 
States, 1922. P a r t  I I ,  pp . 359-438. Published Ju ly  15, 1924.

S trontium  in 1923. G .  W .  S t o s e . M ineral Resources o f the United States,
1923. P a r t  I I ,  pp . 23-26. Published  Ju ly  19, 1924.

T he  Cold Bay-C hignik D istric t, A laska. W . R .  S m i t h  a n d  A. A. B a k e r .
M ineral Resources o f A laska , 1922-D. Bulletin  755-D. 218 pp.

T he Com position of th e  E a rth ’s C rust. F .  W .  C l a r k e  a n d  H .  S .  W a s h 
i n g t o n . Professional Paper 127. 117 pp . Paper, 20 cents.

P resident of the United States

B arium  D ioxide. Proclam ation  au thoriz ing  certa in  increase in du ty  on 
barium  dioxide, in order to  equalize differences in costs of production in 
U nited  S ta tes and  G erm any. Proclamation N o. 1698. 2 pp. M ay 19,
1924.

Public H ealth  Service

Cancer an d  P roprie tary  C ures. Public Health Reports, 39 (Ju ly  18, 1924), 
1746-52.

Effect of Oil Pollution of C oast W aters  on the  Public H ealth . F .  W .  L a n e , 
A. D . B a u e r , H .  F .  F i s h e r , a n d  P. N . H a r d i n g . Public Health Reports, 
39 (Ju ly  11, 1924), 1657-62.

Safeguarding th e  Sanitary  Q uality  of D rinking and  Culinary W ater Supplied 
on In te rs ta te  C arriers . E .  C .  S u l l i v a n . Public Health Reports, 39 
(Ju ly  4, 1924), 1620-34.

S tud ies on O xidation R eduction, V— E lectrode P o ten tia ls  of Simple Indo- 
phenols, E ach in E qu ilib rium  w ith I ts  R eduction  P roduct. B a r n e t t  
C o h e n , H . D .  G i b b s , a n d  H , M .  C l a r k . R ep rin t 904 from Public 
Health Reports. 34 pp . P aper, 5 cents.

Sam e. VI— P relim inary  S tudy  of Indophenols; (A) D ibrom o Substitution 
P ro d u cts  of P heno l Indophenol; (B) S u b stitu ted  Indophenols of Ortho 
Type; (C) M iscellaneous. B a r n e t t  C o h e n , H. D. G i b b s , a n d  W. N. 
C l a r k . R ep rin t 915 from  Public Health Reports. 20 pp . Paper, 5 
cents.

T he  Legal A spects of M ilk Control. J. A. T o b e y . Public Health Reports, 
39 (Ju ly  18, 1924), 1739-46.
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N o t i c e — A n y  publications mentioned under this heading will be sent free, un
less otherwise noted, to readers o f  T h i s  J o u r n a l ,  on request to the firm  issuing
the publication. When writing fo r  any o f these items k ind ly  mention 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 .

Balances and  W eights. Com plete catalog  and  price list of th is  equipm ent 
and accessories for scientific and  technical uses. Fu lly  illustra ted  and  
indexed. 76 pp. 6 ‘A  X  9 3A  in*  H e n r y  H e i l  C h e m i c a l  C o . ,  2 1 0  So. 
F o u rth  S t., S t. Louis, Mo.

B allard-Sprague C onstruction  Service. B ulletin  featu ring  boiler settings 
and  chim neys in various types of plants. Some typical insta llations 
illustra ted . 20 pp. 6 X 9 'A in. B a l l a r d - S p r a g u e  & C o., 200 F ifth  
Ave., New Y ork, N . Y.

Ball T h ru st B earing  O verhung Agitating D evices. Catalog C, revised in 
loose-leaf b inder giving illustra tions, descriptions, charts, and  useful 
tables on various devices and  chem ical equipm ent. 30 pp. 6 łA  X 9 
in. G e n e r a l  M a c h i n e  C o., 398 M arket S t., N ew ark , N . J.

Brownell T ubu lar Boilers. Bulletin  B - l ,  covering th is equipm ent, w ith 
illustra tions, diagram s, and  technical inform ation. 20 pp. 8Y* X 10*A 
in. T h e  B r o w n e l l  C o . ,  D ay ton , Ohio.

Cam bridge T em pera tu re  M easuring  In s tru m en ts . ■ Booklet No. 1. T h i s  
h a n d b o o k  c a r r i e s  i l l u s t r a t i o n s  w i t h  f u l l  d e s c r i p t i o n s  o f  t h e  v a r i o u s  t h e r 
m o m e t e r s ,  t h e r m o g r a p h s ,  p y r o m e t e r s ,  p o t e n t i o m e t e r s ,  e t c . ,  m a n u f a c t u r e d  

b y  t h i s  f i r m .  I n d e x e d .  71 p p .  4 1/* X 5 ‘A  i n .  C a m b r i d g e  &  P a u l  
I n s t r u m e n t  C o m p a n y  o p  A m e r i c a ,  I n c . ,  3512 G r a n d  C e n t r a l  T e r m i n a l ,  
N e w  Y o r k ,  N .  Y .

Chemical Equipm ent. Bulletin  230. D escrip tions and illustrations of 
various types of porcelain-lined or plain iron-jacketed  kettles, caldrons, 
storage and  m ixing tanks, and  vacuum  and  pressure stills, w ith tab u la r 
d a ta  covering capacities, sizes, applications, and  prices. 16 pp. 6 X 
9 in. T h e  S t u a r t  &  P e t e r s o n  C o . ,  B urlington, N . J.

Cleveland W orm  G ear R eduction  U nits. T horoughly covers worm gearing 
and speed reduction , toge ther w ith illustra tions, descriptions, and  technical 
d a ta  on app rop ria te  equipm ent. An excellent engineer reference work. 
1 0 1  pp. 7»/2 X 1 0 ‘/ a  in. T h e  C l e v e l a n d  W o r m  &  G e a r  C o . ,  Cleve
land, Ohio.

Colorimeters an d  N ephelom eters. C atalog  illustra ting , describing, and  
quoting prices on  various ty p es  of these instrum ents for biological and  
industrial chem istry. D irections for use included. 22 pp. 6 X 8 3A  
in. K l e t t  M f g . C o . ,  I n c . ,  2 0 2  E. 46 th  S t., N ew  Y ork, N . Y.

Conkey F ilters. Folder A, illustra ting  and  describing th e  various p a rts  of 
this continuous and  au tom atic  ro ta ry  type. In te res tin g  tab le  covering 
their capacities upon some average m aterials. 9 X 12 in. C o n k e y  
F i l t e r  C o . ,  154 N assau  S t., N ew  Y ork, N . Y.

Construction of Large T anks, U sing Acid-Proof Brick and  Acid-Proof 
Cem ent, for the  L ining of Sam e. A pam ph le t w ith  accom panying set 
of blue p rin ts  describing fully how to  construct such tanks, va ts , towers, 
etc., and  the  p roper m ateria ls and  the  use thereof. 8 pp. 9*A X l l 1/* 
in. M a u r i c e  A. K n i g i i t ,  K elly Ave., E a s t A kron, Ohio.

Crescent “ R o to -P iston” D ry  Vacuum  Pum ps. Bulletin  711, features 
illustrations, descriptions, and  o th e r technical d a ta  of these special types. 
Typical insta llations and  d iagram s. 20 pp. 6 X 9 in. C h i c a g o  
P n e u m a t i c  T o o l  C o . ,  6 E ast 44 th  S t., New Y ork, N . Y.

Direct S team  and  O il Separato rs . Catalog S-24, featu ring  and describing 
this equipm ent, as  well as including facsim ile of te s t reports. 40 pp.
6  X 9  i n .  T h e  D i r e c t  S t e a m  S e p a r a t o r  C o . ,  S y r a c u s e ,  N .  Y .

Em erson Conditioning O vens. In s tru c tiv e  booklet w ith  illustrations, 
diagrams, and  m any helpful d a ta  on th is  equ ipm ent for determ ining  
am ount of m oisture in  tex tile  m aterials. In s tru c tio n s  for operating. 
1 6  pp. 6  X  9  in. E m e r s o n  A p p a r a t u s  C o . ,  1 7 1  T rem on t S t., M elrose 
H ighlands, M ass.

Fairbanks Scales. Catalog 250. A ppropriate  equ ipm ent for p ractically  all 
fields. Indexed. 2 1 2  pp. 4 X 7  in. M o r s e  & C o., I n c . ,  Chicago, 111.

Falk H erringbone G ears. B ulletin  31, illustra ting  and  technically  de
scribing various types. 8 pp . 8 ‘/a  X  11 in. T h e  F a l k  C o r p . ,  M ilw au
kee, Wis.

Feeders, S ifters, and  M ixers. Catalog 14, w ith  illustra tions and  prices. 
4 0  pp. 6 X 9  in. T h e  G e d g e - G r a y  C o . ,  Lockland, Ohio.

Fitchburg Engines. B rochure giving in te resting  and  instruc tive  inform a
tion on th is  equipm ent. Illu stra tions , diagram s, and  tables. 40 pp. 
93A X 7 in. F i t c h b u r g  S t e a m  E n g i n e  C o ., F itchbu rg , M ass.

Hayton Triplex and  C entrifugal Pum ps. Series of bulletins in loose-leaf 
binder featuring , w ith charts, d iagram s, illustra tions, and  com plete de
scriptions, equ ipm ent to m eet every need. 8*/* X 1 1  i n .  H a y t o n  

P u m p  & B l o w e r  C o . ,  A ppleton, Wis.

H om estead  Q uarte r-T urn  Valves. Catalog 31. C ontains technical da ta , 
description, and  illustra tions of different types. Indexed. 38 pp. 6 X 9  
in. H o m e s t e a d  V a l v e  M a n u f a c t u r i n g  C o . ,  I n c . ,  H om estead , Pa.

“ H y-Speed” M ixer. Illu stra ted  folder giving specifications, prices, and  
various products on which this type  w ith  "P u sh -P u ll"  propellers can  be 
used to advantage. A l s o p  E n g i n e e r i n g  C o . ,  47 W est 63rd S t., N ew  
Y o r k , N. Y .

Industria l Lubrication. T his m ost in teresting  booklet contains m any  v a lu 
able lubrication d a ta , tests and  o ther inform ation. H elpful charts. T his 
should be in the  hands of every one in terested  in the  lubrication  of m a
chinery, etc. 44 pp. 33A X 63A in. W a v e r l y  O i l  W o r k s  C o . ,  5402 
54th S t., P ittsburgh , Pa.

Ingersoll-R and Equipm ent. Series of bulletins in cloth loose-leaf b inder 
fully illustrating  and  describing various com pressors, pum ps, condensers, 
etc. D iagram s, tables, and  o th e r in teresting  and  useful da ta . M arginal 
index. 63A X 9lA in. I n g e r s o l l - R a n d  C o . ,  11 B roadw ay, N ew  Y ork, 
N . Y.

Knowles P a ten t Column Cell. Descriptive pam phlet w ith  illustra tions, 
diagram s, and  technical d a ta  on th is  equ ipm ent for producing  oxygen and  
hydrogen. Covers some new and  in te resting  features. T ab les. 12 pp. 
7 V* X 93A  in. I n t e r n a t i o n a l  E l e c t r o l y t i c  P l a n t  Co ., L t d . ,  N ew  
C rane S t., C hester, England.

K rogh Pum ps. Series of bulletins in loose-leaf binder, fea tu ring  w ith 
technical inform ation, illustrations, and o th e r in teresting  d a ta , various 
types of this equipm ent. 6 X 9*A in- K r o g i i  P u m p  &  M a c h i n e r y  C o . ,  
147-159 Beale S t., San Francisco, Calif.

Leeds & N orthrup Specialties. Catalog 75, com pletely illustra ting  and  de
scribing apparatu s for electrom etric de term inations of hydrogen-ion con
centration. Includes prices and  in teresting  technical da ta . 40 pp. 7aA  
X 10*Ain. L eed s  & N o r t h r u p  Co., 4901 S ten ton  A ve., Philadelphia, P a .

Locomotives for Industria l and C ontractors’ Service. Record N o. 86, fully 
describing and illustra ting  steam  and  in te rna l com bustion locom otives. 
53 pp. 9 X 6 in. T h e  B a l d w i n  L o c o m o t i v e  W o r k s ,  B road  and 
Spring Garden S ts., Philadelphia, Pa.

M onel M etal in the  Coal M ine. Pam ph le t featu ring  uses and  applications 
of this product to  th e  coal industry . Illu stra te s  runn ing  p la tes, chutes, 
various pa rts  of pum ps, valves, etc., advantageously  em ploying monel 
m etal. 8 pp. 9 X 12 in. I n t e r n a t i o n a l  N i c k e l  C o . ,  67 W all S t., 
New York, N .  Y,

M urray S team  Pow er P lan ts . Catalog 8 5 ,  containing descriptions and 
illustrations of engines, a ir compressors, boilers, etc ., for diverse purposes. 
Indexed. 95 pp. 103A X 7*A in. M u r r a y  I r o n  W o r k s  C o . ,  B urling
ton, la .

P latinum . A general catalog covering all forms of p la tinum  w are and  
supplies. 32 pp. 8*A X 10‘A  in. Loose-leaf binder. A m e r i c a n  P l a t i 
n u m  W o r k s , New Jersey R . R. Ave. a t  Oliver S t., N ew ark , N . J .

Roller-Sm ith D irect C urrent Portab le  In s tru m en ts . B ulletin  110, con tain 
ing illustrations and  technical d a ta  on T y p e  H D  am m eters, voltm eters, 
etc. 8 pp. 6 X  9 in. R o l l e r - S m i t h  C o . ,  233 B roadw ay, N ew  Y ork, 
N . Y.

Spectrom eters and  Accessories. Bulletin  109, giving com plete deta iled  
description and prices. Illustrated . 4 pp. 73A X 10‘A  in. G a e r t n e r  
S c i e n t i f i c  C o r p . ,  1201 W rightwood Ave., Chicago, 111.

T anks. Bulletin on storage tanks, giving detailed  draw ings and  specifica
tions for tanks of from 15,000 to  74,000 gallons. 36 pp. 8 ‘A  X 11 in . 
New edition. L a n c a s t e r  I r o n  W o r k s , 101 H ager S t., L ancaster, Pa.

Technical and  Industria l P la tinum . T reatise  on p la tinum  w ith  cata log  
section of illustrations, tables, and  o ther d a ta  of value. 70 pp. o*A X 
8>A in. B i s h o p  &  C o m p a n y  P l a t i n u m  W o r k s ,  M alvern, P a .

T he Arnold Lining for L im ekilns. B ooklet giving questions and  answ ers 
of general and valuable inlorm ation  abou t lime, its  p roperties and  uses. 
31/2 x  6XA in. A r n o l d  &  W e i g e l ,  W oodville, Ohio.

T he Gospel of F resh  Air. Brochure containing various illustra tions a n d  
d a ta  covering ven tila ting  equipm ent. Typical installations. W ide 
application to  m any industries. Tables. Indexed. 35 pp. 73A X  
103A in. T h e  S w a r t w o u r Co., C leveland, Ohio.

“ W aste vs. Econom y." Illu stra ted  bulletin  on au tom atic  refrigeration 
showing uses and  applications of the ir system , and  typical installations. 
24 pp. SJA  X 11 in. T h e  A u t o m a t i c  R e f r i g e r a t i n g  C o., I n c . ,  

H artford , Conn.
York Self-Contained R efrigerating  U nits. Bulletin  70. C ontains illu s tra 

tions and descriptions of these units and  th e ir  uses and  applications in 
various fields. 6 pp. 8 7 a  X 11 in. Y o r k  M a n u f a c t u r i n g  C o .*  

Y o r k ,  Pa.
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M A R K E T  R E P O R T —AUGUST, 1924
[Supplied  by D rug & C hemical Ma rk ets]

J U D G IN G  by the increased volum e of business, the firmer 
prices and better fueling in the trade, the turning point in 

the depressed chemical^market was reached early in August. 
The downward m ovem ent of prices was evidently checked and 
a  firmer undertone has developed. Consuming industries have 
been showing signs of resuming operations after a long period 
of idleness. After the hand-to-m outh policy of buying, stocks 
are believed to  be low in all hands, and w ith  any recovery in 
consum ption prices are likely to advance sharply. Buyers thus 
far have been cautious and are still confining their purchases to 
moderate quantities, although orders have become more frequent. 
Price changes during the m onth show th a t advances outnumbered  
the declines.

On September 22 the new and lower tariff rates on coal-tar  
products w ill go into effect. All finished and refined products 
w ill be cut down from 60 per cent to  45 per cent ad valorem, 
w hile crude m aterials a t  55 per cent w ill drop to  40 per cent. 
The 7-cent specific du ty  w ill remain unchanged. This is in 
accordance w ith  the terms of the Fordney Tariff A ct. The 
effect on the m arket is believed to  have been alm ost com pletely  
discounted, although som e pressure m ay be brought on prices 
for high-priced dyes and m edicináis. L ittle effect on low-priced 
goods is expected.

Caustic soda and soda ash are seasonally quiet, but shipm ents 
have already begun to increase. T he outlook for next year is 
for slightly higher prices owing to the continued high cost of 
production. Bleaching powder and chlorine have been in more 
or less routine demand, but prices have been steadily m aintained  
during the season when declines are usually expected. M ineral 
acids have been m oving in a quiet w ay  a t unchanged prices. 
Oxalic acid has been a  weak item  owing to  the com petition  
between dom estic and foreign material. Sales have been made 
a t  9 l/ i  cents a pound but toward the last of the m onth strength
ened slightly. Form ic acid has been steady. Tartaric acid 
was reduced to m eet prices of imported acid.

Acetone has started an upward m ovem ent as demand began 
to  increase a t a tim e when stocks were low. Am m onium  carbon
ate is higher. Arsenic, usually an active item , has joined the  
inactive list owing to the lack of dem and for calcium  arsenate. 
Prices of both  these products have weakened and declined to 
low est levels in several years. A ntim ony products have strength
ened w ith  the rise in m etal. Owing to the curtailed production  
in steel plants, am m onium  sulfate production in the coking ovens 
has fallen off and stocks are becom ing low. Prices have already 
strengthened and, w ith the buying season approaching, are likely

to advance rapidly. Am m onium  chloride has been weak and 
sales have been m ade as low  as 53/ t  c en ts.a  pound. Barium  
chloride has been weak owing to slow dem and and prices have 
declined to S74 per ton for imported material. Barium carbon
ate has also been weak at S59 per ton.

Copper sulfate has been advanced following the recent rise 
in the m etal. Copperas is under keen com petition but prices 
have held fairly steady. Glauber’s sa lt has firmed up after a 
period of low prices due to com petition. Carbon tetrachloride 
has .been weak, w ith  sellers cutting prices in order to secure 
orders. Caustic potash has been quiet. Potassium  bichromate 
has been dull and makers have been cutting prices under com
petition . Potassium  permanganate has been subject to shading 
on good-sized orders though sm all lots have held a t 14 cents a 
pound. Potassium  prussiate has been reduced. N itr ite  of 
soda has strengthened and sales are being m ade a t higher prices. 
D om estic prussiate of soda has been advanced while the imported 
product has held at recent levels. Sodium  fluoride has advanced. 
Tin crystals and other tin salts were advanced the first of the 
m onth following higher m etal prices in July.

M etals have been gaining steadily. Copper advanced to 
13 V-i cents a pound. T in reached 53 cents. Lead advanced to 
8 *A cents a pound and zinc to 6 lA cents. Fertilizer materials 
have been m oving upward. Am m oniates have been particularly 
strong. Am m onium  sulfate is higher. Acid phosphate was ad
vanced SI per ton. N itrate of soda advanced owing to rise in 
exchange.

Dem and for interm ediates has shown a marked improvement. 
Prices are generally steady since the buying has been confined 
to  small quantities. D yes have been quiet but im proved buying 
is expected. Crude m aterials have been in sm all supply but 
demand has been quiet. Phenol has been reduced to a basis of 
25 cents a pound. Benzene and toluene have been firm owing 
to  lim ited supplies arid curtailed production. Naphthalene has 
been a drug on the m arket and prices are a t low  levels. Pyridine 
has been holding up in price because of the sm all supplies avail
able. Cresylic acid has been quiet.

Producers of alcohol announced an advance of 2 cents a gallon 
for all grades of denatured alcohol. Glycerol has strengthened 
owing to  smaller production in soap-m aking plants. Acetanilide 
has been advanced to 33 cents a pound. American manufac
turers of camphor have announced higher prices. Bismuth 
com pounds have declined owing to sharp decline of the metal. 
M anufacturers of iodides have advanced prices as a result of 
higher costs due to rise in exchange.
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FIR ST -H A N D  PR IC E S FOR GOODS IN  O R IG IN A L  PACKAGES PREV A ILIN G  IN  TH E  N E W  YORK M ARKET

IN D U ST R IA L  AN D  ENGINEERING C H EM ISTRY

IN O R G A N IC  C H E M IC A L S

Aug. 1 Aug;. 15 Jan . 1924
Acid, Boric, cryst. bbls...................lb. .09M  .09M  .11

H ydrochloric, com m 'l 2 0 ° ..lb . .01%  .01%  .01%
H ydrofluoric, 30%  bbls lb. .07 .07 .07
H ydriodic, 10% U. S. P  lb. .73 .73 .73
N itric, 42°, cbys. c/1 wks.. ,1b. .06 .06 .06M
Phosphoric, 50%  tech  lb. ,0S .08 .08

. Sulfuric, C. P ........................... lb. .09 .09 .09
66° tks. wks.....................ton 14 .00  14.00 15.00
Oleum , 2 0 % .................... ton  18.00 18.00 18.00

Alum, A m m onia, lu m p ................... lb. .03M  .03M  03M
Potash , lu m p  * lb. * .03  *.03 *.03

C hrom e............................. lb. .05M  .05M  .05M
Soda, g ro u n d ............................ lb. .04 .04 .04

Aluminium Sulfate ¿ iron-free)...lb . .02%  -02%  .02M
Ammonium C urbonate, p w d .. . .lb . .09 .09 '.10M

Chloride, w hile g ran  Ib. .07%  .07%  .07M
Ammonia, an h y d ro u s .................... lb. .30 .30 .30  '
Ammonia W ater, d rum s, 2 6 ° ..  .lb . .06%  .06%  • .07M
Arsenic, w h ite ................................... lb. .07%  .07%  . 1 3 %
Barium C hloride.............................. ton  *78.00 *76.00 *85:00

N itra te ........................................ lb. * .08M  *.0SM  *.08M
Barytes, w h ite ...................................ton  33 .50  33 .50  ' 33 .50
Bleaching Pow d., 35% , works

............................................ 100 lbs. 1 .90  1 .90  1.25
Borax, c ryst., bbls............................ lb. .05%  .05%  .05%
Bromine, pure, wks.......................... lb. .29 .29 .29
Calcium Chloride, fused, f. o. b.

N . Y............................................. ton  24 .30  24 .30  24.30
Chlorine, liquid, cyl. c / l ................ lb. .05M  .05M  .04M
Copper S u lfa te ........................100 lbs. 4 .5 0  4 .6 0  4 ;65
Iodine, resublim ed........................... lb. 4 .4 0  4 .4 0  4 .55
Lead A cetate, w hite crystals  Ib. .14M  .14%  .14

N itra te ......................................... lb. .12 .12 .12
R ed .................................... 100 lbs. 10 .50  10.50 11.40
W hite (C a rb .) ........................... lb. .09%  .09%  .09%

Lime, live and  h y d ra ted , bb l... .lb . .01M  .01M  -01M
O yster shell................................ lb. .03M  -03M .03M

Lime A ceta te ...........................100 lbs. 3 .0 0  3 .0 0  4 .00
M agnesium C arbonate, te c h .. . .  lb. .08 .08 .08
M agnesite, calcined....................... ton  55 .00  55 .00  55 .00
Phosphorus, yellow ...........................lb. .37M  -37M  .35

R ed .............................................. lb. .—  .—  * .75
Plaster of Paris , tech ....................bbl. 3 .3 0  3 .3 0  3 .3 0
Potassium  B ich rom ate .................... lb. .09%  .09 .09M

Brom ide, im p o rted ................. lb. ,25  * .25  .17
C arbonate, calc., 8 0 -8 5 % ..lb. * .05%  * .0 5 %  *.06
C hlorate, cryst...* ..................... lb. * .07  * .07  * .07M
H ydroxide, 8 8 -9 2 % ................ lb. * .06%  * .0 6 %  * .0 6 %
Iodide, bulk , U . S. P ..............lb. 3 .7 5  3 .7 5  3 .75
N itra te .......................................... lb. .06%  .06%  :06M
Perm anganate, U. S. P ..........lb. * .14  * .14  *.14
Prussiate, r e d ............................Ib. * .3S  * .38  *.42

Y ellow ................................ lb. * .18  * .18  *.22
Salt Cake, b u lk ...............................ton  20 .00  20 .00  ' 24 .00
Silver N itra te .....................................oz. .45  .45  .44
Soda Ash, 58% , bags 100 lbs. *1.94 *1.94 *1.94

Caustic, 76% , N . Y .. .  100 lbs. 3 .66  3 .6 6  3 .66

* R esale o r Im ported  (not an American m aker’s price).

Aug. 1 Aug. 15
Sodium A ceta te ................................ lb. .05 .05

B icarbonate .................... 100 lbs. 2 .2 5  2 .25
B ichrom ate ............................... lb. .07M  -07
Bisulfite, powd......................... lb. .04 .04
C hlorate ..................................... lb. .06%  .06%
Cyanide, 9 6 -9 8 % ....................Ib. .22 .22
Fluoride, te c h .. ........................Ib. .08M  .08M
Hyposulfite, bbls............100 lbs. 2 .5 0  2 .5 0
N itra te , 9 5 % ................. 100 lbs. 2 .4 5  2 .52
N itr i te ......................................... lb. .08%  .09
Prussiate, yellow ......................Ib. .09M  .10
Phosphate (di-sod.), te c h .. .Ib. .03M  .03M
Silicate, 4 0 ° ....................100 lbs. .80  .80
Sulfide, 60% .,fused................. lb. .03%  .03%

Strontium , N itra te ........................... lb. .10  .10
Sulfur, flowers........................ 100 lbs. 3 .0 0  3 .00

Crude, m ines...............long ton 14.00 14.00
Tin Bichloride, 50% soln.............. lb. .14  .14

Oxide............................................ lb. .52  .55
Zinc Chloride, U. S. P ..................... lb. .27 .27

Oxide, bbls........................ . . lb .  .08 .08

O R G A N IC  C H E M IC A L S

Acetanilide, U. S. P ., bbls............lb.
Acid, Acetic, 28 p. c 100 lbs.

G lac ia l.  ...............100 lbs.
Benzoic, U. S. P ..................... lb.
Carbolic, cryst., U. S. P.,

d ru m s . . . . ; ..................... lb.
50- to  110-lb. tin s .................. lb.
C itric, crystals, kegs..............lb.
Oxalic, c ryst., bbls., w ks.. . .  lb.
Pyrogallic, resublim ed..........Ib.
Salicylic, U. S. P .................... lb.
Tannic, U. S. P ., bbls...........lb.
T artaric , cryst., U. S. P . . . .lb.

Acetone, d ru m s................................lb.
Alcohol, denatured , com plete...gal.

E thy l, 190 proof, bbls....gal.
Amyl A ceta te ............................ gal.
Cam phor, Jap , refined, cases... .Ib.
Carbon Bisulfide, c / l ..................... lb.

Tetrachloride...........................lb.
Chloroform, U. S. P., d ru m s... .lb.
Creosote, U. S. P .............................lb.
Cresol, U. S. P . . . . . ........................lb.
D extrin , co rn .......................... 100 lbs.

Im ported P o ta to .................... lb.
E ther, U. S. P ., 100 lbs.................lb.
Form aldehyde, bbls........................lb.
Glycerol, dynam ite, d ru m s..........lb.
M ethanol, pure, drum s...........gal.
M ethylene Blue, m ed.................... lb.
P etro latum , light am b e r...............lb.
P yrid ine ...............  gal.
S tarch, corn, powd................100 lbs.

Potato , J a p ............................... lb.
Sago............................................ lb.

989

Ian. 1924 
.05 

2.25
• 07M 
.04M  
.06M
.23 
.09 

. 2.75 
2.52

• 08M
• 11M 
.03%  
.80 
.04

♦.12
3.00

14.00
• 13M 
.51 
.25 
08 M.

.32 .32 .32
3 .12 3. 12: 3 .3 8 .

11.01 11.01 i. 12.78
.72 .72 .72

.25 .25 .30

.27 .27 .32
* .4 7 ' ♦ .47 • .4 8

.09% .09% .12
1.50 1.50 1.55

.35 .35 .35

.83 .83 .83
*.27 ♦.27 *.31

.17 .17 .25

.48 .49 .48
4 .8 5 4 .85 4 .83
3 .50 3 .50 4 .65

.69 .69 .87

.06 .06 .06

.07 .07 .10M

.35 .35 .35

.42 .42 .40

.22 .22 .25
4 .52 4 .72 3 .64

• 07 M • 07M .07%
.13 .13 .13
.09% .09% .10%
.17M .17M • 16 M
.77 .77 .92

2 .25 2 .2 5 2 .25
.04M .04M .04M

4 .2 5 4 .0 0 3 .75
3 .77 3 .97 3 .22

.06 .06 .06

.05 .05 .05
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Aug. 1 A ug. 15 Jan. 1924

Beeswax, pure , w hite ................ .40  * .40 .36
C asto r Oil, N o. 3 ........................ .16M .16M .14
Ceresin, yellow ........................... . lb. .09 .09 .08
Corn Oil, crude, tanks, m ills.. . .lb . .11 .12 .10
C ottonseed Oil, crude, f. o. b.

m ill.............................. . .lb. .11 .12 .09 M
Linseed Oil, raw , lc/1 ................ .gal. 1 .00 1 .02 .90
M enhaden Oil, crude, m ills ... .gal. .40 .50 .50
N e a tV fo o t Oil, 2 0 ° ..................... , . lb. .19  M .19>4 .17M
Paraffin, 128-130 m. p ., re f . . . . . lb . .05M .05M .04
R osin, " F ” grade, 280 l b s . . . . . bbl. 5 .8 0 6 .1 5 5 .80
Rosin Oil, first r u n .................... .gal. .38 .39 .43
Shellac, T . N ................................ . .lb . .54 .54 .63
Sperm  Oil, bleached w inter,

3 8 ° ........................................... .89 .89 .84
S tearic  Acid, double p re ssed .. . .lb . .1 1 H .12 .12
Tallow  Oil, acid less................... , ,1b. .0ÖM . 1 0 ^ .10
T urpen tine , sp irits o f................ .gal. .84 .92 .94

M E T A L S

A lum inium , N o. 1, ingots. ..........lb. .27 .27 .28
A ntim ony, o rd in a ry ............ , 100 lbs. 8 .2 5 9 .0 0 10.00
B ism u th .................................. 2 .7 5 2 .2 0 2 .75
C opper, e lectro ly tic ............ ......... lb. .13 . 1 3 ^ .13

L a k e ................ ............... ......... lb. .12M . 1 3 ^ .13
Lead, N . Y ............................ .. 100 lbs. 7 .50 8 .0 0 8 .0 0
N ickel, e lectro ly tic ............. .29 .29 .29
P la tinum , refined, s o f t . . . . 118.00 118.00 122.00
Quicksilver, flask ............75 lbs. ea. 71 .00 72 .50 60.00
Silver, fo reign ....................... .67M .68 .64 Yx
T in ............................................ .48 .52M .47
T ungsten  W olfram ite ......... per un it 8 .5 0 8 .5 0 8 .5 0
Zinc, N . Y ............................... 100 lbs. 6 .50 6 .5 5 Ö.70

F E R T IL IZ E R  M A T E R IA L S

Am m onium  Sulfate, ex p t..l0 0  lbs. 2 .60 2 .7 5 2 .75
Blood, dried , f. o. b. B a lt......... un it 3 .0 0 3 .2 5 4 .30
Bone, 3 and  50, ground, r a w . . .to n 25 .00 30 .00 25 .00
C alcium  C yanam ide, u n it of

am m onia ............. .................. 2 .00 2 .00 2 .2 5
F ish  Scrap, dried , wks............... u n it 3 .5 0 4 .2 5 4 .7 5  & . 10
Phosphate  R ock, f. o. b. mine:

F lorida  Pebble, 6 8 % ......... 2 .2 5 2 .2 5 3 .2 5
Florida, 7 0 % ....................... 2 .5 0 2 .50 3 .5 5
Florida, 7 4 -7 5 % ................ 3 .7 5 3 .7 5 4 .5 0
Tennessee, 7 2 % ............. 5 .50 5 .50 5.50

P otassium  M uria te , 8 0 % .......... unit .63 .63 .68
T ankage, high-grade, f. o. b.

C hicago .................................. un it 2 .7 5  & .10 3 .5 0  & .10 3 .6 5  & . 10

C O A L -T A R C H E M IC A L S

C ru d e s

A nthracene, 8 0 -8 5 % .................... lb. .75 .75 .75
Benzene, pure , ta n k s . , 25 .25 .20
N aph thalene , flake___.................. lb. .05 .05 • 06M
Phenol, d ru m s ............... ................... lb. .25 .25 .30

C ru d e s  (Concluded)

Toluene, pure , ta n k s .....................gal. .26  .26  .22
X ylene, 2 deg. d ist. range, *

d ru m s ........................................ gal. .50 .50  .50

I n te r m e d ia te s
Acids:

A nth ran ilic .......................... .96 .96 .96
Benzoic, tech ....................... . .lb. .70 .70 .70
C leve's................................... . . lb . 1 .00 1 .00 1.00
G am m a................................. . . lb . 1 .50 1.50 1.65
H ............................................. .72 .72 .75
M etan ilic .............................. . .lb . .60 .60 .00
M onosulfonic F .................. 2 .3 0 2 .3 0 2 .30
N aphth ion ic , c ru d e .......... . .lb. .62 .62 .62
N evile & W intlier’s .......... . .lb . 1 .05 1.05 1 .10
P icric ..................................... . . lb . .25 .25 .25
Sulfanilic .............................. . . lb . .20 .20 .20
T o b ias '.................................. .90 .90 1.00

A m inoazobenzene...................... . . lb . 1 .15 1.15 1.15
Aniline O il..................................... . .lb . .1 6 H •IBM • 1 6 *
Aniline S a lt .................................. . . lb . .21 .21 .24
A nthraquinone (sub lim ed).... . .lb . 1 .00 1.00 1.00
Benzaldehyde, te c h ................... . . lb . .75 .70 .75

U. S. P ................................... . . lb . 1 .50 1.50 1.50
Benzidine Buse............................ . . lb . .80 .80 .82
Benzidine S u lfa te ....................... . . lb . .70 .70 .70
D iam inophenol............................ . .lb . 3 .80 3 .80 3-80
D ianisid ine.................................... . . lb . 4 .60 4 .6 0 4 .60
P-D ichlorobenzeue..................... . .lb . .17 .17 .17
D iethy lan iline .............................. . . lb . .58 .58 .50
D im ethy lan iline .......................... . .lb. .35 .35 .39
D in itrobenzene........................... . .lb. .18 ■ IS .19
D iu itro to luene ............................. . . lb . .19 .19 .19
D iphenylam ine........................... . .lb . .48 .48 .48
G S a l t ............................................. . . lb . .55 .55 - .55
H ydroquino l................................. . .lb. 1 .40 1.40 1.40
M onochlorobenzene.................. . .lb. .09 .09 .10
M onoethy lan iline ....................... . . lb . 1 .25 1.25 j.OO
6-N aphthol, d is t.......................... . . lb . .26 .26 .26
a-N ap h th y lam in e ....................... . . lb . .35 .35 .35
6 -N aph thy lam ine....................... . .lb. .76 .76 .76
m -N itroaniline ............................. . . lb . .78 .78 .78
¿-N itroan ilinę .............................. . .lb . .70 .70 .74
N itrobenzene (Oil M irb an e).. . . lb . .10 .10 .10
P -N itrophenol.............................. . . lb . .75 .75 .75
o -N itro to luene............................. . . lb . .10 .10 .10
P -N itro to lucne............................ . .lb. .45 .45 • i)ö
m -P henylenediam ine................. . . lb . .96 .96 .96
¿-Phenylenediam ine.................. . .lb. 1 .35 1 .35 1.45
P htha lic  A nhydride ................... . .lb. .30 .30 .25
R S a l t ........................................... . .lb. .50 .50 .55
Resorcinol. tech .......................... . .lb 1.40 1 .40 1.40

U. S. P .................................. 2 .25 2 .2 5 2 .25
Schaeffer'? S a lt ............................ . . lb . .60 .60 .60
Sodium  N a p h th io n a te .............. ..lb . .62 .62 .62
T hiocarban ilide ........................... . .lb. .30 .30 .30
Tolidine (b ase)............................ . .lb. .95 .95 .95
Toluidine, m ixed........................ . . lb . .31 .31 .31
o*Toluidine................................... . . lb . .13 .14 .14
P-T oluidine................................... . .lb. .80 .75 .85
m -Toly lenedia m ine .................... . Il> .82 .82 .88
X ylid ine......................................... . .lb. .45 .45 .5 0
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Bausch & Lomb

Metallographie 
Equipment

w i t h

Inverted Microscope

BAUSCH & LOMB 
OPTICAL CO.

152 Freeqian St., Rochester, N. Y.

New  Y ork San  Francisco B oston  
C hicago W ashington  London

TN  addition to optical equipment specially 
corrected for metallographic work the 

following special features are incorporated 
in the new Bausch & Lomb Metallographic 
Equipment:
1. Microscope and illuminating unit are 

mounted and centered on a common 
base. This eliminates most of the cen
tering and alignment so necessary on 
other models.

2. Shock absorbers eliminate vibration.
3. Graduated scale on rack slide shows the 

approximate setting for different objec
tives.

Send  for descriptive circular C-ir.

Automatic Temperature Control of both Cracking 
Processes and Stills is practical—and very advantageous

A lm ost every possible condition can be m et by the Brown A utom atic Pyrom eter C ontrol E q u ip 
m ent— because of its flexibility and sim plicity. Tell us th a t you aim to accomplish, give us 
sufficient inform ation on which to work, and  we will send you com plete inform ation as to how 
Brown A utom atic  T em peratu re  Control c?n be applied, or we will have a sales engineer call and 
go over the m a tte r  personally.

W rite us now. Address The Brown Instrument Company, 4509 W ayne Avenue, Phila
delphia, or one of our district offices in N ew  York, Boston, Pittsburgh, Cleveland, Columbus, 
Birmingham, D etroit, Chicago, St.Louis, Denver, H ouston, Los Angeles, San Francisco,
M ontreal.
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T H E  LUDLOW 'SAYLOR W IR E  CO.
630 S ou th  N ew stead  Ave. " S t. Louis, M o.

“U. S.” Products Include
Cast Iron Pipe and Fittings Miscellaneous Products

BELL AND SPIGOT GAS PRODUCERS
For W ater and G as M ains and  P la n t C onn ection s Heavy D u ty—M ech an ica lly  O perated

FLANGED HEAVY CASTINGS
For S team  M ains and In d u str ia l In sta lla tio n s C hem ical—M achinery— H ydraulic

SCREW JOINT SUGAR HOUSE CASTINGS
For Oil P ipe L ines and W ell C asing Evaporators—V acuum  Pans

FLEXIBLE JOINT CAST IRON SERVICE PIPE
For Under W ater In sta lla tio n s For H ouse C on n ection s

HIGH PRESSURE CAST IRON COLUMNS
For Fire P rotection B uild ing Service

SEWER SOCKET CONDENSERS
For C ulverts Barom etric

United States Gast Iron Pipe & Foundry Co.
General Office: Burlington, New Jersey

SA LES O F F IC E S : . 
Philadelphia: 1421 C hestnu t S t. Chicago: 122 S. M ichigan B lvd. M inneapolis: P lym outh  Bldg. 

P ittsbu rgh : H enry  W. Oliver Bldg. S t. Louis: S ecurity  Bldg. C leveland: 1150 E . 20th St, 
N ew Y ork: 71 B roadw ay B irm ingham : 1002 Am erican T ru s t Bldg. Buffalo: 957 E . F e rry  St. 

San Francisco: M onadnock Bldg, D allas: M agnolia Bldg. K ansas C ity : In te rs ta te  Bldg.

S E N D  F O R  Y O U R  CO PY  
o f CA TA LO G  46-N 

F ree to  all users o f Screens.

THERE IS A “PERFECT SCREEN” 
that will DO IT BETTER!

Catalog No. 46-N lists over A Thousand 
“perfect” grades— A  Thousand Open' 

ings—with a variety of weights 
and weaves for every opening.



IN STOCK

S ix  Years' Growth in the number o f

Eastman Organic Chemicals
M A D E IN  U. S. A

Two reasons —  Quality and Service

1. D efin ite  q u a l i ty  sp e c if ic a tio n s  a re  
g iven  fo r  m o s t o f  o u r  ch em ica ls .

E x a m p le : Benzoyl Chloride MP—o.j° 
Naphthyl Isocyanate BP  
140-141 °/12mm.

2. In fo rm a tio n  c o n c e rn in g  th e  p r e p a r 
a tio n , p u r if ic a tio n , u se s , e tc . o f  o u r  
ch em ica ls  is g la d ly  g iv e n . I t  is o n ly  
n e c e ssa ry  to  w rite  to  us.

W rite now fo r  L ist No. I I  

America’s Handbook of Organic Chemicals

Eastman Kodak Company
Research Laboratories R o c h e s te r , N . Y .

MAOE ÖR. PURJF 
OUH LABOKA'

IEO IN 
0*Y
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S t. L o u is  C oke  &* C hem ica l P la n t, E a s t S t .  L o u is , I l l in o is , eq u ipped  w ith W illia m s  Coal C rushers o f  500 tons  crush ing  ca p a c ity  oer hour.

Uniform Coal Crushing For By-Product Coke
In  th e  field of coal crushing for by-p roduct coke, Williams 
H inged H am m er C rushers have m ade records th a t  have 
given W illiam s M ills a  na tiona l rep u ta tio n  w ith the  users of 
such  p lan ts .
One of the  m ost difficult coke m aking problem s ever known 
is th a t  of m aking by-product coke from Illinois coal, by  the 
S t. Louis Coke & Chem ical C om pany. A nd the ab ility  of 
W illiam s C rushers to  reduce such coal to  a uniform size, has 
been a big factor in th is  success. In  a g rea t m any p lants 
where these crushers have been used, the grade of coke has 
been raised from second, and  th ird , to  first quality .

Williams Patent Crusher & Pulverizer Company,
C h ic ag o , 37 W . V an  B u re n  S t .  N ew  Y ork ,

W hen a  W illiams mill reduces coal in a by-p roduct p lan t 
the  oven pulls easier and  th e  s tru c tu re  of the  coke is more 
uniform . T he coke comes ou t firm and  regu lar in size and 
does no t crum ble, as i t  contains no cross fractures, an d  th e  
s tru c tu re  is m uch im proved.
T his is ju s t one o th e r field of industria l and  engineering 
chem istry where W illiams crushers have m ade th e ir  m ark. 
Tell us w hat k ind of m ateria l you have to  crush, an d  let us 
tell you w hat the  W illiams will do. T here  is no charge or 
obligation for th e  prelim inary  p lans and  specifications th a t  
we prepare.

817 Montgomery Street, St. Louis, Mo., U. S. A.
15 P a rk  R ow  S a n  F ra n c is c o , 415 5 th  S t r e e t

PATENT CRUSHERS GRINDERS SHREDDERS
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Refer your problems of MIXING & KNEADING
to

IS TH t

B A K ER -PER K IN S COMPANY, Inc. 
29 West 43rd St.,
New York City

M anufacturers of W E R N E R  & PFL E ID E R E R  M A C H IN ER Y

FUROIC ACID
(PYROMUCIC)

We are now manufacturing FUROIC ACID in commercial quantities. 
Price will be furnished on request. 

9 8 '9 9 %  F U R F U R A L . 25c per  lb. in  drum  lots.

THE MINER LABORATORIES, 9 S. C linton St., CHICAGO

LEITZ “MICRO-METALLOGRAPH” - - MODEL 1924

Illu s tra tin g  the  M icroscope S tan d  of the  
"M icro -M eta llo g rap h ” w ith  C am era

T h e  L eitz “ M icro -M eta llograph" is given preference for research  investigations; 
it  is th e  S ta n d a rd  of G overnm en t D ep artm en ts , leading  U niversities and  also In 
du stria l P la n ts  w henever unfailing  resu lts  for reliable d e te rm ina tions  a re  looked for.

M o d e l 1924— e m b o d ie s  m a n y  n e w  f e a tu r e s  a n d  o n e  o f t h e m  to  be  m e n 
t io n e d  is  a n  in g e n io u s  d ev ic e  fo r  c o n ic a l  s to p  i l l u m i n a t i o n ,  w h e re b y  r e 
m a r k a b le  c o n t r a s t  i s  o b ta in e d  e v en  o f th o s e  s p e c im e n s  w h ic h  o th e rw is e  
w o u ld  s h o w  b u t  l i t t l e  s t r u c t u r a l  d e ta i l s .

M o d e l 1924— perm its ' pho to g rap h y  of exceedingly high  m agnifications; one 
lab o ra to ry , using the 
la te s t ty p e  of ou r in s tru 
m en t, o b ta in e d  r e 
m a r k a b ly  c le a r  p h o -  ,  ~ 
to g r a p h s  a t  12.500X  6 0  jb & S t  
m a g n if ic a t io n s ,  reveal
ing de ta ils  o therw ise no t 
noticeable.

/E .L E IT Z X
10th St.

I f  interested, write fo r  
Pam phlet No. (J ) 1057.

W e offer a  reference 
lis t of users, upon re
quest.

G eneral D is trib u tin g  A gents for C anada:
T h e  J .  F . H a rtz  Co., L td ., T o ron to , C anada

A gents for W esern S ta te s —C alifornia, W ashington, 
Oregon, Idaho , U tah , M o n tan a  and  Arizona: 

S pindler & S auppe, S6 T h ird  S tree t, S an  F rancisco , Cal.

TAKE ADVANTAGE OF THE 
PROFESSIONAL DIRECTORY

of Industrial and Engineering Chemistry. 
I t  offers excellent publicity at

$2.00 per insertion for a 1-inch card 

$4.00 per insertion for a 2-inch card
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R E P A IR S —Old chim neys, common brick, con
crete, tile and radial brick repaired while in opera
tion, if necessary. Extensions in height o f  old 
chimneys.

L IG H T N IN G  R O D S  in- Q
stalled; also repaired. Special 
L ightning Rods for chim neys 
handling acid fumes.

Builders and designers o f the 
T A L L E ST  and L A R G E S T  brick 
c h i m n e y  i n  t h e  w o r l d —
ANA CO N D A  C O P P E R  M IN 
IN G  C O M PA N Y , A N A C O N 
DA, M O N T ., 585 feet high, 60 
feet inside diam eter a t  top.
H andling acid fumes.

W e are  alw ays pleased to  con
su lt regarding chem ical cast

ings o f any  character.

Bethlehem Foundry & M achine 
Company

124 F ro n t S tree t : B E T H L E H E M , PA.

N E W  Y O R K  O F F IC E  
1718 G rand C entra l Term inal

D I X O N  C R U C IB L E S
have~the ab ility  and] quality  to w ithstand m any  
heats as shown by the veteran below. T hey  are 
uniform  in construction and com position and em 
body knowledge gained only after nearly a century  
of experience.

For long-life crucibles, use D IX O N 'S . T hey  
will ju stify  a thorough trial.

JOSEPH DIXON CRUCIBLE CO
J e r s e y  C i ty ’ N ‘ J ’ BX xX i/ § W A  E s t .  1827

P e r fo ra te d  R a d ia l  C h im n e y  B locks 
M anufactured  in a ll sizes and  shapes, suitable 

for all chim ney diam eters.

ALPHONS CUSTODIS 
CHIMNEY CONST. CO.

N E W  YORK99 N a ssa u  S t

A M E R IC A N  B RA N C H  O F F IC E S  
A tlanta D etro it Richm ond
Baltim ore M ilwaukee S t. Louis
Boston Philadelphia Seattle
Chicago P ittsburgh  Dallas, Tex.
Cleveland P o rtland , Ore. M inneapolis

T his chim ney, 350 
feet high, 8 feet inside 
a t  top, bu ilt by  the 
C ustodis Co. in 1904, 
has handled success
fully acid gases for 
tw en ty  years an d  is as 
good to-day as the 
d a y  i t  was built.

C U S T O D IS  CANA D IAN
C H IM N E Y  C O ., L T D . 

M ontreal T oron to  V ancouver

W rite for D a ta — N o. 33

WAIT
Did you have a practical 
fo u n d ry  ch eck -u p  for 
tha t cast iron Chemical 
Apparatus ?

Will it cost more than it 
should ?

Will it prove practical for 
the purpose ?

Custodis Chimneys
B uilt of P E R F O R A T E D  R A D IA L  B R IC K , 

m anufactured expressly for the purpose.

Chimneys of all sizes for Industries using 
Chemical Processes.
Acid proof chimneys.
Chimneys for Smelters, By-Product Coke 

Ovens, Ceramic and Glass Plants, Paint 
Works, Furnaces, Boilers, Ovens; high tem 
perature chim neys for D estructors, Inc inera to rs, 
M elting Crucibles and B last Furnaces.

We specialize in chim neys designed for handling  
all kinds of acid fumes and dust.
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LAMMERT Duplex 
Rotary Pumps
The equipment illustrated is sometimes re
ferred to as a “unit combination vacuum 
and pressure pump” , designed for simul- 

taneous vac
uum and air 
pressure ser-SIMPLICITY THE KEYNOTE OF 

VIKING PERFORMANCE
Sim ple construction is the outstanding feature of 

the V IK IN G  R otary Pum p. It possesses the singular 
advantage of having but two m oving parts to wear, 
give trouble or necessitate replacement.

There is nothing to interfere w ith the free continued  
action of these two parts. B oth are strong and rug
ged and will last for m any years. Should they ever 
require rep lacem ent.it can be easily  and quickly m ade 
by unskilled labor.

T he V IK IN G  catolog illustrates the sim ple design. 
Also shows single and double units; various sizes 
and models. Obtain your copy at once.

Water cool- 
Mh f x n M ed, equipped 

with a u t o -  
matic oiling 
anc  ̂ re'  
claiming sys- 
tems, it is an 
ideal c o m 

bination for continuous duty. 
Other Lammert Pumps are described in 
Catalog A3. Copy on request.

L A M M E R T  & M A N N  CO.
R o ta ry  P u m p s an d  Special M ach inery  

217 N . W ood Street. Chicago, 111.

VIKING PUMP COMPANY

r ^ J o r  l l i i s
.B u l l e t i n

Illustrates an excellent I 
line o f  centrifugal pum ps, 
and in  addition , contains

help fu l data and  
BaHBSiiL convenient tabular 
| | | | § l l r  m atter o f  interest 

lllclliib to  t^ e engineer.

Bulletins on requestFig. 510 *

Taber S L type 
Double Suction 
Centrifugal Pump.

GOULDS MANUFACTURING
SEN ECA FA L L S, N . Y .

A s k  for Bulle tin  
No. 3 0  - A  

W rite  to

T A B E R  P U M P  CO.Buffalo.NY.
B uilders o f  R o ta ry  a n d  C en trifu ga l Pum ps.
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He Didrit Believe 
It Could be Accurate

“H ow  can 1 expect accu
rate records from this 
Foxboro Recording T her
mometer.3” asked a cus
tomer. "There’s 20 feet 
of connecting tube sub
jected to a high room  
temperature. You can't 
tell me that the record 
isn’t affected by i t .”

This Test 
Showed Him 

He Was Wrong

E x t r a  L a r g e  W ood  T a n k s
For  

P aper M ills ,  
T a n n er ies ,  
C h em ica l  

P la n ts ,  
E tc.

E x cellen t  
M a n u fa c tu r in g  

Serv ice  o n  
Large T a n k  

R e q u ir e m en ts .

P ro m p t
S h ip m e n ts .

We recently  installed a  special m achine for handling exceptionally 
large tanks such as blow pits, acid tanks, etc. T his machine will 
handle stock 12 inches th ick; 30 inches wide; a n y  length; dress all 
four sides; tongue, groove and  bevel each piece all a t  one operation, 
thereby insuring perfect jo in ts  and  a  uniform  thickness of each piece 
in the finished tank .

We m ention th is m erely to illustra te  th a t  we are in shape to  handle 
the largest T anks required.

We alw ays carry  a good stock of 2 inch  and  3 inch clear Louisiana 
Red Cypress as well as clear W ashington F ir, and  usually  can give 
you p rom pt sh ipm ent on your T an k  requirem ents.

Tanks with stirring  devices, ag ita to rs , etc., also tanks on wheels. 
Send us your specifications for any  kind of T an k  work.

W rite a t  on ce  for o u r ca ta lo g  No. 10 or see  
C h em ica l E n g in eerin g  C atalog

Kalamazoo Tank & Silo Co.
Kalamazoo, Michigan

T h e  in d ica tin g  th e rm o m e te r—  
u p p e r le f t— read s  52° F h t . ,  th e  
te m p e ra tu re  of th e  b a th  in  th e  
low er ja r ,  in  w hich  th e  reco rd in g  
th e rm o m e te r  bu lb  is im m ersed .

T h e  in d ic a tin g  th e rm o m e te r— 
u p p e r  r ig h t— read s  180° F h t . ,  th e  
te m p e ra tu re  of th e  w a te r  in  th e  
u p p e r ja r ,  in w h ich  th e  20 fee t of 
conn ec tin g  tu b e  is p laced . T h e  
s team  line  w h ich  is u sed  to  h e a t 
th e  w a te r  is show n em erg in g  from  
th e  le ft h a n d  side  of th e  ja r .

Foxboro Recording Ther
m om eter bulbs are filled, 
according to the range 
and service required, w ith  
a gas or highly vo latile  
liquid. M ercury in never  
used. T he volum e of 
vapor or gas in the fine 
capillary tube is so small 
compared w ith that of the
bulb that connecting  

tubes more than 250 ft. long are now in use under con
ditions of extreme heat or cold w ith perfect assurance 
of accuracy.

W e have not been content sim ply to develop the Im 
proved H elical Tube M ovem ent, but have m ade sure that 
its accuracy cannot be affected by outside conditions.

Foxboro Recording Therm om eters are guaranteed accurate  
within 1 % total chart range. T hey  are absolutely re
liable.

For com plete inform ation, write for B ulletin  AK  104-1

T H E  F O X B O R O  C O ., Inc.
N e p o n se t A v en u e, F oxboro , M a ss ., U . S . A .

N ew  Y o rk  C h icago  B o s to n  P h ila d e lp h ia  P i t t s b u r g h  
C lev e lan d  R o c h e s te r  B irm in g h am  T u ls a
Los A ngeles S an  F ran c isc o  P o r t la n d ,  O re.

s d
F*'.

THE COMPASS OF INDUSTRY

KOERTING
C e n t r i f u g a l

A c i d  P u m p s
Specially designed to han

dle liquids o f a corrosive 
nature .

V ertical type can be sub
m erged or located below 
l i q u i d  level, e l i m i n a t i n g  
stuffing boxes,-etc.

nechanism  a t  top 
shaft.

pump catalog 7-C gives 
som e very . interesting inform
ation concerning both vertical 
and horizontal pumps,

W e placed the recording 
thermom eter bulb in a 
chilled bath so that the  
pen registered 52°. Then  
we immersed the entire  
20 feet of connecting tube  
in water at 180° Fht. and 
the pen didn’t m ove  
from 52°.

H e was convinced.
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Stokes 
Rotary Vacuum Dryers

are equipped with

Patented Spiral Agitators
Low Power 

Efficient Agitation 
Rapid Uniform Drying 

Autom atic Complete Discharge

B U C K E T S
Stationary or dumping

for

coal, oil, soil, metals, liquids, 
and other industrial purposes.

We manufacture any special kind of bucket to serve your requirements.

Special sheet metal work.

L. O. K O V E N  & B R O T H E R
154 Odgen Avenue, Jersey City, N. J.

Send fo r  Catalog

F. J. Stokes Machine Company
6122 T abor R oad, O lney P. O., P h ilade lph ia , Pa.
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To Roumania’s Oil Fields
The Illu s tra tio n  shows a sm all p a r t  o f a large ship
m ent o f  “ U n ite d ” P ipe and  F ittin g s  destined  for 
use in the  oil fields of R oum ania. T h is m ateria l— 
consisting of

“United Tubond” 
Lead-Lined 

Wrought Steel 
Flanged Acid Pipe 

and Fittings

UNITED LEAD CO., I l l  Broadway, New York City
C anadian  D istr ib u tors: I lo y t M etal Co., T oronto

“ U NITED” L ined P roducts
Chemical Lead, Tin, Brass or Copper-lined Iron Pipe, 
Chemical Lead or Tin-lined Valves,
Chemical Hard Lead or Block Tin M erco Lubricated Plug 

Valves,
Chemical Lead or Tin-lined Tanks and K ettles,
Hard Lead and Tin-lined Acid Pumps,
Chemical Lead or Tin-covered Pipe,
Chemical Lead or Tin-covered Coils,
Chemical Apparatus Covered or Lined w ith Chemical Lead 

or Tin.

a ( Formerly Schaum & Uhlinger )

PHILADELPHIA, PA.
Sales and service in B oston, Chicago, C harlo tte , N . C., 
A tlan ta , G a., P ortland , O re., Los Angeles & San Francisco.

— is for the handling  o f alum inum  su lphate ; and  was 
specified, on the basis o f the  “ U n ited ” repu ta tion  for 
S E R V IC E -T R IE D  P roducts.

Plus Service
W rite! F or o r ig in a l reco rd s fro m  “ U n ite d ” u ser s— g iv in g  
co n c lu siv e  p ro o f o f  th e  e c o n o m ie s  a n d  a d v a n ta g es  o f  
“ U n ite d ”  P ro d u c ts .

after year records of continuous heavy service con- 
ncingly demonstrate the sturdy, smooth-running and efficient 

construction of these superior extractors. Our engineers will be glad 
to recommend the type most suitable for your installation.

I n c o r p o r a t e d
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THE LARGEST PLANT IN THE WORLD DEVOTED EXCLUSIVELY 
TO BUILDING REFRIGERATING AND ICE MAKING MACHINERY

Our p la n t covers over 19 acres of ground  
area, in  w h ich  are m a n u fa ctu red  all th e  parts  
of co m p lete  refrigerating  and ice  m a k in g  
p la n ts . Over 5,000 m en  are em ployed  in  th e  
m a n u fa ctu re , sa le  and erectio n  of YORK  
PRODUCTS.

T he sk ill of our experts, in  every d ep a rtm en t, 
and th ese  exten sive  m a n u fa c tu r in g  fa c ilitie s  
are a t your service. If in terested  in  M e
ch a n ica l R efrigeration , it  w ill pay you  to  
w rite us.

YORK MANUFACTURING COMPANY, York, Penna

Filter Presses fo r  All Purposes’
O U R  catalog contains in form ation  o f v ita l in te r

est to  an y  m an u fac tu rer or p roducer who 
filters or clarifies any  k ind  o f  m ateria l.

T h e  choice o f th e  b est filter press for a pa rticu la r 
jo b  is no easy m a tte r. T h is book will be found 
helpful. Send for it.

T. SHRIVER & CO.
830 H a m ilto n  S tr e e t ,  H a rr iso n , N . J .

T he filter m edium  is just as im portant as the F ilter  Press. W e * 
sell specially  woven filter cloths and filter paper at very close 
prices. W e shall be glad to quote on your Requirements.

^fnSESSJ
A U e u é o s i ,

INDEPENDENT
PATENTED IMPROVED WOOD

FILTER PRESSES
The large number of repeat orders from users of Independent 
Filter Presses have dem onstrated the efficiency of this press. 
W rite for’descriptive literature.
L et us quote you  on your filter cloth requirem ents.

INDEPENDENT FILTER PRESS CO., Inc.
W O R K S A N D  O FF IC E : 418 T H IR D  AVE. B R O O K L Y N , N . Y . 

T e le p h o n e -S o u th  7807-7808
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Clarification is a step  to Purification. 
D A R C O  is a h ig h ly  a c t iv a te d  carbon 
which rem oves im purities by  adsorp
tion.
I t  is the  S tan d ard  Carbon or C hem i
cal Work.
R educe your Costs— Im prove your 
Products!

W rite for sample.

DARCO SALES CORP.
45 E a s t  4 2 n d  S t r e e t  N ew  Y o rk

A M E R IC A N  C O N T IN U O U S  
F IL T E R  P a r t i c u la r ly  d e s ig n e d  
fo r :  C y a n id e  S lim e s , F lo t a 
tio n  C o n c e n tr a te s ,  L e a c h e d  
S lim e s , B la s t F u r n a c e  F lu e  
D u s t ,  C oal W a s h in g s , E tc .

The A m e ric a n  Is t h e  l a t e s t  
a n d  m o s t Im p ro v ed  ty p e  of 
c o n t in u o u s  v a c u u m  filte r .
C lo th s  c h a n g e d  In te n  m in u te s — M e c h a n ic a l  a g i ta t io n  a n d  w ire  
w in d in g  e l im in a te d — C a p a c ity  p e r  u n i t  o f floor s p a c e  2 ^  to  3 
tim e s  g r e a te r  t h a n  o th e r  ty p e s — H eavy  c a s t  i ro n  c e n te r  s h a f t  
a n d  g e n e ra l ly  ru g g e d  c o n s t r u c t io n  in s u r e s  lo n g  life  u n d e r  
sev e res t m ill  c o n d i t io n s .
E IT H ER  T H E  A M E R I C A N  O R  S W E E T L A N D  C A N  B E  F U R N I S H E D  A C I D  P R O O F

Send for lalest Bulletin 106
U N IT E D  FIL T E R S C O R PO R A T IO N

Sweelland a n d 1 K elly Pressure Filters— Am erican Continuous Fillers—  
United Filter Presses— Sweelland Patent M etallic Filter Cloth 

M a in  O ffice a n d  W o rk s : H a z le to n ,  P a .
B ranches: New Y ork, Chicago, Sa lt Lake C ity , Los Angeles
E xport Office: C unard  Building, 24 B roadw ay, New York

Code Address: Unifilter, N ew  York

Seven years ago the B altim ore Pearl H om iny  Co., 
bought their first Sperry F ilte r Press.

I t  gave such com plete satisfaction  th a t they  bought 
three others, m aking four in operation  a t  the ir 
p lan t— filtering crude corn oil, refining corn oil 
and m altose syrup.

T he repeat orders were a m a tte r  o f course: be
cause the Sperry Press proved itself, and  the 
supervisor of the filter press d ep artm en t s ta tes 
they “ give excellent results while m ain tenance 
costs are practically  n il.”

W hat be tte r recom m endation would you w ant? 

T e ll  y o u r  f i l te r  p r e s s  t r o u b le s  to

D. R. SPE R R Y  & CO.
Engineers and M anufacturers 

BATAVIA, ILL., near Chicago

Let us quote on your filter doth require
ments either in sewed cloths or in rolls.

New York Agcnl : Pacific Coast Agent :

H . E. JA C O B Y  B. M . P IL H A SH Y
n- i  , o.. 532 M er ch a n ts  Ex-90 L iberty  S t . c h a n g e  B ,dg
N ew  Y ork C ity  San  F ra n cisco , Cal.

Maintenance Costs 
Practically Nil



LABORATORY UNIT
YIELD PER HOUR

From Air — 4.5 grams ozone
From 0 2 — 9 grams ozone
MAXIMUM CONCENTRATIONS 
In Air — 11.5 grams per m3
In 0 2 — 45 grams per m3

Constructed Entirely of Metal 
No Fragile Glass Parts

Designed for Laboratory Work
U. S. Industrial Ozonizers' offer the 
means of carrying out processes 

developed in the laboratory.
Bulletin No. 40—Describes the Lab
oratory Unit.
Technical Publication No. 14, “The 
Truth About Ozone” sent on request.

m m m m

......

ZAREMBA
E V A P O R A T O R S
Any Liquor Any Capacity

The use of our apparatus provides 
you with a maximum degree of all-round 
excellence, being designed and constructed 
with the most careful attention to all the 
essentials of evaporator construction.

H orizon ta l T ub e E vaporators 
V ertical T ube E vaporators 
H igh  C oncentrators  
W ater S tills
C entrifu gal F oam  Arresters 
C au stic iz in g  A pparatus  
Soda Recovery P la n ts

Built for Long Life 
And No Worry to the Owner

S e n d  u s  d e ta i ls  o f  y o u r  n e e d s .

ZAREMBA COMPANY
Crosby B ldg. B uffalo, N . Y.
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Information Service— 
Machinery, Equipment 

and Supplies

Members of the American Chemical 

Society, who may desire informa

tion concerning any special class 

or make of machinery, equipment 

or supplies used in chemical or 

metallurgical' operations, are in

vited to communicate with the

AMERICAN CHEMICAL SOCIETY
IN F O R M A T IO N  D E P A R T M E N T

19 E a s t  2 4 th  S t r e e t ,



No Need to be 
replacing 

k valves a t 
ygk frequent 

intervals
Write today

ACE Quality Tanks 
Can not Corrode

For Handling Many 
Corrosive Solutionspatuni

Tanks of any size or shape, open or closed, 
can be made to your specifications or blue 
prints either of solid ACE hard rubber or of 
steel, hard rubber lined.

Tanks made of ACE quality hard rubber are 
entirely unaffected by nearly all acids, alkalis 
and corrosive salts.

The ACE line of chemical equipment includes 
pumps, tanks, pipe fittings and utensils. Our 
engineers will welcome an opportunity to 
give you full information concerning types 
of ACE Equipment suited to your require
ments.

Are you still bo thered  w ith  a valve corrosion 
problem ?

W hy no t se ttle  it  once and for all by installing  
one o f our valves ?

M any  engineers have solved this problem  to 
their com plete satisfaction  w ith

Hard Lead A lloy

A C I M E T
T r a d e -M a rk  R eg .

Acid Resisting

Bulletins describing A C E  Q uality  P um ps, Tanks. 
Pipe, F ittings and  U tensils sen t free upon  request,

AMERICAN HARD RUBBER CO.
11 M ercer S treet, N ew  York

P a te n te d

The Cleveland Brass Mfg. Co.
4608 Hamilton Ave. CLEVELAND, OHIO 
Pacific Coast Office: 558 Howard St., San Francisco, Calif.
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P E R
C E N T .

Steam  costs 200%  more than it did eight 
years ago, but steam  Trap SARCO prices 
have not increased more than 20%. T he rela
tion between cost and saving in dollars and  
cents is so great th a t you cannot afford to leave  
lines untrapped or badly trapped.

It  will pay, and pay big, to check up on your 
steam  line and see where coal is being w asted and 
m oney being lost through insufficient trapping.

You can  p u t m three 
S team  T rap  Sarcos— stop 
the loss at three different Jg®
points— for the  cost of ju s t  r ;
one o ld-sty le tra p . T he 
Sarco closes p rom ptly  and  |$j
positively  p reven ts  all loss 
of live steam . And i t  re- Jrjj
tu rn s  co n d en sa te  to  th e  h o t j/#;
well while still ho t.

Sarco is so sm all and  i.^j
com p act th a t  it takes  little  (.£J
m ore room  th a n  a n  o rd in a ry  
elbow— can be in sta lled  a t 
steam  w asting p o in ts  where '¿ I
th e  bulkiness of old-sty le Kftl
tra p s  would m ake th em  o u t # ; |
of th e  question . N o  p la t- 
form , p it o r supports  
needed. f lN H g l

We are  read y  to  le t B8n I  
Sarco  d em o n stra te  its  
su p erio rity  an d  econom y
rig h t in y ou r own p la n t S/f|
by  sending you one ^  on 
30 d a y s ’ tria l w ith o u t a  cen t 
in adv an ce . If i t  doesn’t  
prove th a t  i t  qu ickly  pays 
for itself th ro u g h  th e  coal I ? !  
i t  saves, re tu rn  it, and  i t  w on’t  . 11 
cost you one cen t.

M ade in sizes Vs-in. to  ^  ; 
3-in., and  for a n y ^  given \\\.
pressure  up  to  200 lbs. >J

Booklet N o. D-16 and  
full p a rticu la rs  a b o u t o u r r a l x
free tr ia l offer on request. fislgcl

S a rco  Co., Inc.
6 Park Place, New York City

Buffalo Cleveland Philadelphia  
Boston Chicago D etroit

Peacock Bros., L im ited , M ontreal

Stokley Street above W estm oreland, Philadelphia, Pa.

N ew  E n g lan d  
A gency :

H u rr ic a n c  E ng . Co. 
53 S ta te  S t., 

B o s to n , M ass.

C a n a d ia n  A g en ts :

W h ite h e a d ,
E m m a n s , L td . 

M o n tre a l &
H a m ilto n

yldeaVDr.yind, ÈVety 'Da]

Chocolate
om b O ptical A m erican Ice 
Write jo r  Bulletin  E*4

FRICK COMPANY
W aynesboro, Pa.
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Recent Test Figures 
on Drying

By  “ Hurricane” Processes

A series of tests  m ade upon “ H U R R IC A N E ” 
D ry ers  in ac tu a l opera tio n  is b ring ing  out 
som e s ta r tlin g  in te restin g  figures re la tiv e  to 

d ry ing  costs an d  the  co m p ara tiv e  values of older 
an d  m odern  d ry in g  m ethods.

W e are  g lad  a t  an y  tim e to consu lt w ith  those 
co n tem p la tin g  d ry ing  in s ta lla tio n s  an d  believe 
th a t  th e  d a ta  we have av a ilab le  will prove of 
value.

“ H U R R IC A N E ” D ry ers  are  co n stru c ted  for 
all com m ercial d ry ing  purposes, an d  in addition  
we bu ild  a  com plete  line of “ H U R R IC A N E ” 
D yeing, B leaching an d  F in ish ing  m achinery .

THE PHILADELPHIA DRYING  
MACHINERY COMPANY

M a n u f a c tu r e r s  of D y e in g , B le ach in g , D ry in g  a n d  F in is h in g  M ach in ery

PROMINENT USERS
of

Frick Refrigerating Machines 
include such Companies as

du P o n t 1
A rm our, Sw ift U. S.
N atio n a l B iscuit H ersh
Rausch & Lom b


