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EDITORIALS
OUR GUESTS.

As this issue of T h i s  J o u r n a l  comes from the press, 
men from all parts of the world, representing every 
branch of applied chemistry are assembled in New 
York in a great International Congress. Individuals, 
great manufacturing corporations, technical societies 
and progressive governments are cooperating to make 
this the greatest event in the history of chemistry. 
Never before has industry been so willing to acknowl
edge its debt to chemical science, and the forces 
behind these international movements will establish 
its position as the fundamental basis for permanent 
industrial growth.

Other countries have held these congresses, but 
American chemists are now for the first time occupying 
the position of official hosts. We are being honored 
by the presence of many of the most distinguished 
men in the profession, and their contributions to the 
deliberations of the Congress will be of inestimable 
benefit to the industries. International interchange 
of ideas has now become a recognized necessity to 
great industrial progress, and we are .proud of this 
opportunity to render a service in such a cause. 
Manufacturers are throwing open their plants to in
spection and excursions are provided to show the agri
cultural resources, natural wealth, commercial possi
bilities and scenic beauty of our country.

The chemists of America feel the sincere solicitude 
of hosts for the comforts and pleasures of their guests 
on this auspicious occasion. We hope their visit will 
be both pleasant and profitable and that they may 
come again. We wish great benefits to come to the 
profession itself and to the industries and govern
ments represented as a direct result of the meeting of 
the Eighth International Congress of Applied Chem
istry in America.

FUSSY ADMINISTRATION.

President McKinley handed Colonel Roan a message 
to carry to Garcia. There were no strings tied to that 
commission. He had chosen a man of intelligence, 
resource and ability to do a job and he was willing 
to let him do it in his own way. This very fact proved 
that the President was a great executive. He knew 
how to centralize responsibility and how to hand out 
a message to a messenger, an art which many men in 
administrative positions have not yet acquired.

Conversation among employers of men sooner or 
later drops into a type of experience meeting, for dis
cussing and illustrating the inefficiency of subordinates. 
Employers never assume any responsibility for the 
failures of employees, nor do they analyze the causes 
of shortcomings in their subordinates with a view to 
seeing how much of the trouble is due to the boss. 
Many of the failures of men to make good on a given 
job are due not to a misfit with the job nor to a lack of 
ordinary ability, but to the man’s misfortune in 
choosing a boss, a condition which he can not 
always control, but one which he must see and

remedy before he will have a chance to succeed.
A t a conference in the office of a corporation manager 

recently, it was decided to send one of the young 
engineers regularly employed by the company to a 
point some distance from the main line of travel to 
take some measurements and get certain simple, 
statistical data. The engineer was called into the 
office; he quickly caught the points and purpose of the 
trip, as it was explained to him by the manager; 
glancing at the clock, he said he would catch the next 
train. This took about five minutes. The fact that 
he understood instantly what was to be done, knew 
what train to take and when to take it, entirely escaped 
the manager who then spent twenty-five valuable 
minutes in an unsuccessful attempt to figure out 
railroad connections from a railroad guide. This 
bright, well educated young man was then successively 
told to be sure to order his sleeper tickets at once; 
to draw what money he needed from the paymaster; 
to telephone home; to avoid drinking the water be
cause one engineer had been taken sick on a trip 
similar to this; to be sure to take a note-book but that 
if he forgot it he could buy one there. A t last the 
young man escaped; the manager mopped his brow 
and referred at length to the great knowledge of de
tail he was obliged to carry in his mind in order to 
run his job.

Subordinates are bound to fail under such con
ditions as these. Initiative and independence are 
soon killed, and men and women should not be blamed 
if they sleep securely at their work in the belief that 
the “ old m an”  will look out for the details and do the 
“ small thinking” as long as they make a show at the 
general results. From the manager’s standpoint such 
a system of administration is sure to end in failure. 
If the business grows, he soon finds his mind so over
charged with fussy details that matters of importance 
bearing on new problems of development have to be 
neglected or deferred. Instead of leading and direct
ing the business he becomes a camp follower.

The value of simple mechanical work, whether it be 
in an office, factory or laboratory, is represented by the 
market price for the services of a man employed to 
wield a pick and shovel. A stenographer who simply 
graphitizes the sounds wafted to her across a flat top 
desk and later bats them out on her machine without 
any regard to whether or not they make sense, is worth 
about one dollar per day—perhaps less, but certainly 
not more. If she is paid more it is because she is 
expected to have and use some skill and intelligence 
in addition to the physical labor of punching keys and 
making records. It  is skill, judgment, intelligence 
and mental faculties which bring the earning premium 
to men and women who depend upon industry and 
business for support. These are the faculties for which 
the employer pays the premium. If the subordinates 
do not possess them, they should not be paid the 
premium; if on the other hand they have the faculties,
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latent or developed, they should be required to use 
them and in this way render services for value re
ceived. The employer can find a greater field for his 
ability and a greater reward for his labor in the con
sideration of means for developing the intelligence 
of his employees rather than assuming that part of 
their work. The problem is one in education—draw
ing out, developing—and not one in mental "spoon
feeding” to be solved by the circulation of voluminous 
printed instructions, or by plastering office and works 
with signs, mottos and “ don’ts.”

There can be no general rule laid down for de
veloping the responsibility and reliability of sub
ordinates, but it is reasonable to assume that lack of 
opportunity to exercise these faculties will have much 
the same effect on their growth that a life of ease and 
indolence has on the muscles of an athlete. One 
work manager gave his power-house men much 
personal instruction for a period of three years on ways 
and methods of firing and controlling feed water in 
order to reduce coal consumption. At last in despair 
at his failure to get results, he gave up this plan, 
which he was pleased to call education, and adopted 
in its place a system of paying a bonus on the amount 
of coal saved below the best previous minimum. 
The firemen then began to use their own intelligence— 
the intelligence they had always possessed but never 
had occasion to exercise while the boss was doing their 
thinking for them. They soon found that open spots 
in the grate surface affected their general results as 
much when the boss was not in sight as when he 
happened to be present in the boiler room. They 
became their own bosses and maintained a constant 
supervision over their own work because they had an 
objective point, the successful accomplishment of 
which required an exercise of their own judgment and 
intelligence. The coal consumption automatically 
dropped 20 per cent, in two months.

The employer who “ butts in ”  on the prerogatives 
of his subordinate is not only rendering himself less 
efficient in the performance of his own work, but is 
dissipating his resources by paying others for work 
for which they are employed but which they are not 
permitted to do. Such employers do not recognize the 
point at which directing ends and doing begins.

Probably the most fussy and inefficient form of 
administration ever invented is the committee system. 
Committee administration does not exist in ap
proved business organizations, but it appears to be the 
preferred system in society, public and academic 
administration.

Questions of business policy, plans for manufactur
ing development, technical or educational problems 
all require discussion, consideration and analysis. 
The experience and knowledge of a number of men 
working in cooperation is required to determine these 
matters of general policy. Such questions are properly 
and efficiently handled by a representative committee 
selected with a view to reaching a correct and lasting 
solution. With the solving of these problems and the 
fixing of a policy for the future administration of the 
organization their duty should end. It  is when this

big, unwieldy committee engages in the consideration 
of nursery problems or attempts to function as an 
administrative body, that it becomes ridiculous. It 
has repeatedly been demonstrated that the admin
istrative efficiency of a  committee varies inversely 
as the square of the number of men on the committee. 
I t  is well known that business administration is much 
more efficient and prompt than public, society or 
academic administration, and the reason is to be 
found, to a large extent, in the complete freedom of 
business administration from a triagonal or pentagonal 
committee attempting to make a job for itself out of 
the duties of a reliable man. Suppose w-e take a 
specific case: An office boy in a well managed business
may ask for an increase in salary because he has 
reasoned out that he is rendering service which will 
justify it. He goes to the chief clerk who is his 
immediate superior and is therefore the logical person 
to control such matters and through such control is 
enabled to exercise a discipline which puts a premium 
on efficiency. The chief clerk knows the value of the 
boy’s services, considers all of his arguments and 
makes a decision one way or the other. If the request 
is granted, the paym aster is instructed as to the agree
ment and when it is effective. Total time consumed, 
about five minutes. Suppose this same boy is working 
for a committee-mad organization and makes an ap
plication for more salary. He is usually advised to 
"w rite a letter” covering all points to be considered. 
The letter is brought up at the next meeting of the 
board of directors. In order to “ save time,”  after 
being duly moved, seconded and discussed, the matter 
is referred to a committee of three or five, to be ap
pointed by the chair, to consider and report at the next 
meeting on the question of salary for office boy. 
The committee on office boy’s salary is made up of 
busy men and they find it difficult to get together; 
it will be a miracle if they do not come in at the next 
board meeting and report “ progress.”

In the meantime the boy has become discouraged 
and has reduced his services to a value comparable 
with his salary or has obtained a new job at a better 
salary on account of the knowledge and experience 
gained while employed by the committee-ridden 
organization. Running a training school for em
ployees who leave as soon as they have learned enough 
to be valuable is a discouraging operation at best; 
such a system of filtration, in which the values all go 
to the filtrate, will, in an incredibly short time, leave 
a residual organization which will blunder along with 
a maximum of inefficiency.

Speed is an important factor in efficient administra
tion. How is the work of a committee going to be 
expedited? The chairman may call a meeting but the 
only result is an echo. Men are busy, too busy to be 
spending their time fussing over insignificant details. 
We have seen ten ten-thousand-dollar-a-year men sit 
for hours discussing, considering and acting upon a 
quantity of insignificant administrative matter which 
could have been disposed of by one two-thousand- 
dollar-a-year man in one hour. Such a man, familiar 
with all questions of policy peculiar to this organiza
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tion, would have acted with even better judgment 
than the committee because of a more intimate, 
direct, first-hand knowledge of the facts. The results 
would have been snappy administration and a living 
example of practical efficiency to the subordinates—a 
lesson which could not be drawn from the opera
tions of the hundred-thousand-dollar committee. The 
committee men themselves often see the ridiculous 
waste and yet become resigned victims of a system of 
“ fussy”  administration which literally oozes .with 
delays, procrastination, irresponsible and inefficient 
methods.

Most societies and institutions have at least a carload 
of committee reports which have been made at great 
expense of time and labor but which have not been 
read or adopted. Some offices have records— records 
everywhere—but no obtainable information. In other 
places the whole organization is busy with the ad
ministrative “ double pass,”  where instructions are 
handed from one subordinate to another and every
body is busy with the system of passing orders along 
but no one has time to do a job.

Professional men, engineers, chemists and educators 
might do well to recognize administration as a pro
fession by itself and not a side show to some spe
cialized occupation. As a matter of fact, administra
tive power is the rarest of all talents and is therefore 
the best paid profession. We entrust our legal, 
technical and educational problems to men trained 
and experienced in their respective specialties. The 
proper administration of policies so established is 
equal in importance to, and often more difficult to 
accomplish than the formulation of the policies them
selves. One might properly suggest therefore 
that the question of efficient administration

is important enough to justify careful analysis.
In successful business organizations we find cen

tralized responsibility and power in the hands of a man 
whose business is administration. Policies are pre
scribed and commissions are assigned for the purpose 
of having them executed, and the person who under
takes the work is held responsible for the results. 
Men of ability and judgment are not converted into 
errand boys and assigned to duty between the board 
of directors and the job. Technical questions and 
questions of policy may be considered and decided by 
committees but these committees are not “ wood- 
enized” by don’ts and limitations. Every man in 
such an organization believes that the easiest way to 
dispose of work is to do it. He knows that his boss 
is waiting for results, not excuses. When he is told to 
do something, he does not rack his brain for reasons and 
arguments as to why it should not be done, but puts 
some intelligence and energy into the matter of doing 
it. Things are accomplished in an hour which, if 
undertaken at all in an organization saddled with 
committee administration or a fussy manager, would 
take six months.

Since the introduction of laboratory methods of 
instruction into our educational systems, men trained 
for numerous activities have been taught to study 
conditions, observe facts and interpret results. Ad
ministrators who apply this training to problems 
arising in the development of men and women in their 
organization will have less cause to complain of in
efficiency. They will have more people who can carry 
a message. The elimination of fussy systems of ad
ministration will go a long way toward successfully 
dealing with the human element in efficient manage
ment.

ORIGINAL PAPERS
EPIN EPH RIN 1 FROM TH E W HALE.

B y  E dw ard  R . W b id l e in .
Received June  12, 1912.

The object of this investigation1 is a study of the 
ductless glands of deep sea mammals, especially of the 
whale. The whale is a true mammal, and on account 
of its size affords a splendid advantage for the study 
of these glands This paper will be confined entirely 
to the epinephrin content of the suprarenal glands 
from the whale and some of the results observed while 
purifying this product. However, before entering 
into the subject of epinephrin, it will be best to present 
something on the morphology and histology of the 
glands.

The adrenals or suprarenals of the whale are two
1 E pinephrin  will be used th roughout the  paper as th e  s tan d ard  nam e 

for the  active principle from th e  suprarenal glands, as adop ted  by  the 
Council of Chem istry and  Pharm acy  of the  Am erican M edical Association, 
in preference to  using a  com m ercial o r  pro tected  nam e, such as adrenaline, 
suprarenin, suprarenalin , adrin , supracapsulin , adnephrin  and  so on. J .  
A m . Med. A ssn ., M arch 25, 1911, p. 910.

2 T his w ork was carried ou t under an  Industria l Fellowship established 
a t  the  U niversity  of K ansas by  H on. W alter Roscoe S tubbs, G overnor of 
the  S ta te  of K ansas, in honor of Dr. W ilfred T. Grenfell, and  was known 
as the  Stubbs-Grenfell Fellowship. The Fellowship was extended by  a 
p rom inent citizen of P ittsburgh.

glandular masses situated above but in close relation 
with the upper extremity of each kidney, occupying 
about the same position as the corresponding glands 
in cattle which they resemble more nearly than those 
of any other mammal. The left capsule is a little 
larger than the right, semilunar in form, the right 
being more nearly triangular. The glands are also 
larger in the female than in the male whale, but vary 
in size. The following table gives an average size of 
the glands found in the animals indicated.

Length . B readth. Thickness. W eight. 
G lands. Inches. Inches. Inches. Gram s. 

Fin-back whale, female L eft 9 .5  6 1.5 684
R igh t 9 .5  5 .5  1 .6  566

Fin-back whale, m ale L eft 8 5 .5  1.1 538 •
R igh t 8 5 2 491

Fin-back whale, calf Left 7.4 4 .1  0 .9  280
R igh t 6 .5  3 .2  1 .5  264

Sheep.............................................................  1 .0  0 .5  0 .25  1.18
H og ..................................................................  1.75 0 .5  0 .25  2 .00
C attle .............................................................  2 .25 1.5 0 .5 0  12.50

These results show the suprarenal glands of the 
whale to be about 500 times larger than the glands 
of sheep and 50 times larger than the glands obtained 
from cattle.

The glands are composed of a cortex and medulla,



surrounded by a connective tissue capsule of consider
able thickness. The cortex is of a light yellow color, 
averaging about a quarter of an inch in thickness. 
It  is distinct in lobular division, but does not give as 
even an appearance as the glands from cattle and sheep. 
The cortex can readily be separated from the medulla 
and is oftentimes pulled apart from the medulla. 
The medulla is of a deep red color varying in thick
ness, in the right gland from i - i 3/, inches, in the left 
from 1/ i- i  inch. The medulla undergoes decomposi
tion very rapidly and can be obtained in good condition 
from the fresh whales only. The capsule surrounding 
the gland is of a yellowish-white color and is quite 
thick. The glands are well supplied with blood 
vessels, lymph vessels and nerves. The yellow-pig- 
ment cells in the medulla are very numerous and well 
marked.

H IS T O R Y .

Since the extraction of the vaso-constrictor excitant 
substance of the suprarenal glands from the skin 
secretions or poison glands of the tropical toad, Bufo 
Aqua, by Abel,r it has given added interest to this 
field of work, as to the sources of epinephrin. While 
the discovery of the active principle in the suprarenal 
glands of the whale is not out of the ordinary or some
thing not to be expected, as compared with Abel’s 
important research, yet it has led to some very in
teresting results.

The active principle of the suprarenal glands has 
been a subject of very great importance ever since the 
valuable discovery of Oliver and Shaefer,2 that an 
extract from these glands when injected intravenously 
would cause a marked rise in the blood pressure. 
However Vulpian,-» as early as 1856, observed the 
characteristic emerald-green and rose-red color which 
ferric chloride and iodine, respectively, give with 
epinephrin, while working with the juices from the 
medulla of the suprarenal gland, thus indicating that 
there was present in the gland a substance of 
physiological importance. Abel, Von Furth and 
others by very careful and extensive research paved 
the way for the separation of the active principle, 
which was accomplished by Takamine in 1901 and 
named by him “ adrenaline.”  Aldrich advanced this 
important work by determining the formula for the 
active principle as (C,HuNOa). The structural for
mula generally accepted is orthodihydroxyphenyl- 
ethanol methylamine:

OH
C /

H —C / ^ C O H  '

H — c l J c —H

C OH
1 /

C—C H S—N H C H ,
I
H

Comparatively little work had been done on the 
suprarenal glands until the vaso-constrictor action 
was made known by Oliver and Shaefer; since that

1 J .  A m . Med. A ssn ., 56, 1531-6 (May 27, 1911).
2 J .  Physiology, 16 (1S94); 18, 230-79 (1895).
3 Comfit, rend., 93, 663-5 (1856).
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time, however, numerous papers have appeared on the 
physiology of the glands, together with even more 
articles on the therapeutic and toxic action of epi
nephrin. It, therefore, seems preferable to refer only 
to methods of preparing epinephrin and its physiological 
results which bear directly on this work. A very 
complete and excellent bibl'ography may be obtained 
by referring to the valuable papers of Abel,1 Aldrich,3 
Schultz,3 Vincent,-» and Shaefer.5

The early workers in this field were primarily in
terested in the therapeutic and toxic action of epi
nephrin. The preparations' used were either water or 
glycerine solutions from the glands. Of these early 
workers, Krukenberg6 and Frankel7 were instrumental 
in throwing light on the chemical nature of the active 
principle, by declaring that it was a pyrocatechin 
derivative. Frankel separated what he thought was 
the active principle and termed it “ sphygmogenin.” 
This, however, was later proved to be a mixture. 
Von Furth8 separated the active principle from the 
glands in the form of an mpure iron compound. 
Later contributions» showed that he separated the 
active principle by extracting the fresh capsules with 
slightly acidulated water in the presence of a little 
zinc dust, concentrating the extract in a vacuum, 
precipitating the impurities by the use of methyl 
alcohol and lead acetate, recovering the excess of lead 
by the use of sulphuric acid, again evaporating the 
liquid to a small bulk, and precipitating the epi
nephrin with ammonia. The active principle thus 
separated was called “ suprarenine.”  Abel10 first 
separated the active principle by using benzoyl chlo
ride, one of the benzoyl radicles being retained in a 
modified form of epinephrin: C,,H ,5N 0 4 was the 
formula ascribed to this substance. This compound 
gave certain of the alkaloidal reactions and was for
merly known as epinephrin but as it was stated in the 
foot-note at the beginning, this name has lately been 
adopted as the standard name for the active principle 
from the glands. Abel’ 1 has since separated epi
nephrin by using absolute alcohol and trichloracetic 
acid as the solvent, and precipitating the epinephrin 
from the concentrated solution by the use of ammonia. 
In order to distinguish this new substance from his 
former preparation, he called it epinephrin hydrate. 
Th's method increased the yield from 0.2-0.3 per cent, 
of the moist glands.

The first true separation of the active principle, 
however, was made by Takamine”  at the beginning of 
the year 1901. The method used was in part: to steep 
the glands in acidulated water, concentrate this solu-

1 J .  Phorm., 75, 301-25 (1903).
2 J .  A m . Chem. Soc., 27, 1074-91 (1905).
3 Dull. Nos. 55 and 61, Hyg. Lab., U. S. Pub. H ealth  & M arine Hosp. 

Serv., W ash.
* Lancet, 171, 348-53 (1906).
5 Drit. Med. J .. 1, 1277-1346 (May 30 and Ju n e  6, 1908).
6 Virchow’s archiv., 101, 542 (1885).
7 W iener M ed . Dial., 14, 16 (1896).
« Z . physiol. Chem., 24, 24. 142 ; 20, 15 (1898).
9 J .  pharm. chim., [6] 18, 362; Pharm. J ..  24, 437 (1907).

10 The Johns H opkins Hospital Dulletin, Ju ly , 1897, No. 76; 12, 339 
(1901).

”  Der., 36, 1839-47 (1903). A m . J .  Pharm., 75, 311 (1903).
™ A m . J .  Pharm., 73, 523-31 (1901).
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tion in a vacuum to a small bulk, precipitate the 
organic, protein and inorganic matter by the use of 
strong ethyl alcohol, reconcentrate and precipitate the 
epinephrin by the use of ammonia. Aldrich/ a little 
later in the same year, also separated the active 
principle by using a slightly altered form of Takamine’s 
method Many new methods have since been worked 
out to increase the yield and at the same time to im
prove the quality of the product. Among these might 
be mentioned a modification which Aldrich’ made 
in his own method by using lead acetate as a pre
cipitant. This consists of a precipitation with lead 
acetate, just after steeping the glands in acidulated 
water, in order to complete the precipitation of the 
inert matter, which is removed by filtration. The 
excess of lead is recovered by passing hydrogen sul
phide into the filtrate. The epinephrin is recovered 
from the filtrate in the same manner as described 
before. Another method of interest is that of Freund-' 
which is the electrolytic reduction of impure solutions 
of epinephrin or its salts. The electrolytic reduction 
is by the use of a platinum cathode, a carbon anode 
and a porous cell as a diaphragm. The solution is 
made acid and the time required from one to two hours.

Epinephrin has been prepared synthetically through 
the splendid researches of Dakin, Stolz, J  owett, 
Bottcher and Pauly. Flacher4 separated Stolz’s 
synthetic preparation into the d and /-epinephrin, and 
showed the /-epinephrin to be more effective on the 
blood pressure and to be identical with natural 
/-epinephrin

Various processes have been suggested for stand
ardizing epinephrin, with the result that three reliable 
methods have been worked out. These are toxicity, 
pupil experiments, and blood pressure.

Lawen* based a quantitative method on the effect 
of epinephrin upon the blood vessels of frogs. By 
this method he could obtain quantitative results and 
also detect the degree of deterioration of a solution. 
Strips of muscle were also used in determining the 
strength of an epinephrin solution.

The toxicity method is of little value, since so many 
of these experiments were made with solutions from 
the glands and impure preparations of the active 
principle, that it is difficult to determine just what 
is a lethal dose. Schultz6 has improved this method 
and has determined the lethal dose to be 0.008 mg. 
per gram mouse, yet it cannot be used for exact 
quantitative work.

The dilator mechanism of the frog’s eye is quite 
sensitive to epinephrin. Meltzer? was the first to 
call attention to this method for standardizing such 
solutions. Auer, Wessely, Ehrmann and Schultz have 
been instrumental in developing this method of assay. 
Schultz8 pointed out that the method devised by

1 A m , J .  Physiol., 5, 457 (1901).
2 J .  A m . Chew, Soc., 27, 1077 (1905).
3 Chew. News, Feb. 19, 1909.
* 2 . physiol. Chem., 58, 185-8-9-94 (1908).
5 Arch. exp. Path. Pharm., 51 , 413-31 (1903).
0 Bull. 55, 36, H yg. Lab., TJ. S. Pub . H ealth  & M arine Hosp. Serv., 

W ash.
7 A m . J .  Physiol.. 11, 28-51 (1904).
8 B ull. 55, 23, Hyg. Lab., U. S. Pub . H ealth  & Marine H osp. Serv.. 

W ash.

Meltzer was good only for qualitative results. He 
called attention to the various factors which influence 
the reaction of the iris to adrenaline. A  modifica
tion of this method was also devised so that the length 
of the long and short axis of the pupil could be ex
pressed in millimeters, thus eliminating the error that 
would result by trying to make these observations with 
the naked eye. These necessary precautions do not 
eliminate all the sources of error, and not only make 
the method a very tedious one, but also give unre
liable results. There is always present considerable 
individual variation.

Houghton1 took advantage of the change of blood 
pressure produced in the carotid artery by injecting 
into the femoral vein of an anesthetized animal 
variable quantities of preparations from the supra
renal glands. In a later paper1 he proved this method 
to be the most accurate means for assaying epi
nephrin. Three solutions of epinephrin of known 
concentrations were given to an assistant for assay. 
The unknowns contained 40, 85, and 130 per cent., 
based on a standard of 100 per cent., and the results 
reported were 40, 83, and 135 per cent.

Cameron/ after trying the various methods for 
standardizing epinephrin, finally decided on the 
blood pressure method as being the easiest and most 
reliable. He was ¿he first to standardize the com
mercial epinephrin solutions. His method depended 
upon the antagonistic action between nitrites and 
epinephrin. He found by using nitroglycerine as a 
standard, that when 0.5 cc. of 1.5 per cent. 1 : 1000 
epinephrin solution was injected along with 1 cc. of 
solution containing 0.6 mg of nitroglycerine the rise 
in blood pressure due to epinephrin was almost cut 
down, and the oppos ng effect of the nitroglycerine 
was soon shown by a slight fall and then a return to 
the normal pressure. After many trials the opposing 
action between the nitrites and epinephrin was found 
to be as 80-1. Some of these commercial prepara
tions caused a fall of blood pressure instead of a rise. 
Papers by Hunt« and by Sollmans have clearly pointed 
out the practical necessity for testing the various 
commercial products from the suprarenal glands. 
They further show the great value of the blood pressure 
method in making these determinations. In order 
to more clearly show the accuracy of this method, 
Abel calculated that 1 gram of the dried gland from 
the cattle should contain 0.018 gram of epinephrin 
and should yield 18 cc. of a solution corresponding to 
1 : 1000 of the active principle. Hunt found that it 
yielded 15 cc. of such a solution and called attention 
to the fact that the glands were not completely ex
hausted.

Schultz6 has more clearly pointed out the necessity 
of knowing the degree of effectiveness of an epinephrin 
solution. He also emphasized the fact that a pure 
epinephrin base furnishes a reliable standard in

1 J .  Pharm., 73, 531-5 (1901).
- J .  Am . Med. y lu n .. 38, 150-3 (1902).
3 Proc. Roy. Soc. Edinburgh, 26 , 157-71 (1906).
4 J .  A m . Med. A ssn., 47, 790-2 (1906).
5 Ibid., 47, 792 (1906).
6 Bull. 61, 7-10, Hyg. Lab., U. S. Pub. H ealth  & M arine Hosp. Serv., 

W ash.
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assaying vasoconstrictor substances. The blood pres
sure method is used and ¿he efficiency expressed in 
terms of pure epinephrin base. The relative activity 
is calculated by the following equation:

a epinephrin base , .
— =------------ :----------- :-----  =  relative activity,y  vaso-constnctor excitant

in which a — grams of base in 1 cc. of solution and y
the unknown vaso-constrictor excitant.

In this method of standardization,1 he clearly points 
out the advantages of different anesthetics and shows 
that ether for cats, with only enough curare to render 
it free from muscle tremors, yields the best results. 
He has standardized all synthetic preparations against 
the natural /-epinephrin and also all commercial pre
parations against the pure epinephrin base. Three 
out of seven different brands of epinephrin were found 
to compare with the standard. The other solutions 
varied from 3.71 to 71 per cent, of the required activity. 
These results are given in the following table:3 .
L aboratory R elative physiological

num ber Commercial Precip ita te activ ity  expressed in
of solution. nam e. present. percentage of A.

A 1 Epinephrin none 100.00
B d2 A dnephrin none 50.00
B m 3 A dnephrin none 50.00
Cd Adrenalin none 100.00
Cm A drenalin none 100.00
Dd A drin none 50.00
Dm A drin abundan t 3.75
E m Caprenalin abundan t 25.00
Fd Supracapsulin none 100.00
Fm Supracapsulin trace 100.00
Gd Suprarenalin none 66.71
Gm Suprarenalin none 66.66
H d Suprarenin  synthetic trace 50.00
H m Suprarenin  syn thetic some 50.00

1 Solution A m ade up  on m orning of experim ent from a  pure sample

of n a tu ra l base, the  optical ac tiv ity  of which is ^ - “ 5340°.
2 Series " d "  bought d irectly  from m anufactu rer or from the ir agents.
3 Series "m ”  bought on th e  open m arke t from a reliable druggist.

Epinephrin solutions deteriorate very rapidly, 
especially when exposed to the air or if kept in partially
Ch a n g es  in  P hysiological A ctivity  U n d e r g o n e , in  th e  Co urse  op 

t e n  D a y s , b y  1 -10 ,000  S o lutio ns of  Commercial E p in e p h r in  
S o lu t io n s .’

Rise of blood-pressure caused by  1 cc. 
injection of a  1-10,000 solution. 

L abora to ry  /....... ....  ......  ..................................
num ber Commercial Oct. 29 (fresh).1 Oct. 29 (old).

of solution. name. Mm. Mm.
B d3 A dnephrin 74.2 69 .2
B m 4 A dnephrin 67.8 58 .0
Cd A drenalin 106.0 75.0
Cm Adrenalin 66 .6 64 .4
Dd A drin 1 : 500 0 .0 0 .0
Dm A drin 1 : 1000 0 .0 0 .0
E m Caprenalin 0 .0 0 .0
F d Supracapsulin 102.6 101.6
Fm Supracapsulin 99 .0 93.4
Gd S uprarenalin «  97 .6 78.6
Gm Suprarenalin 83 .0 79.0
H d Suprarenin  synthetic 74.2 60 .0
H m Suprarenin  synthetic 73 .8  - 60 .2
H d Suprarenin  synthetic 74.2 24.4
H m Suprarenin  synthetic 73.8 4 8 .0

1 Solution m ade Oct. 29.
2 Solution m ade Oct. 19.
3 Series “ d ” bought directly  from m anufacturers o r from the ir agents.
4 Series " m ” bought on the  open m arke t from a  reliable druggist.
1 Bull. 55, 24-5, H yg. Lab., U. S. Pub . H ealth  & M arine Hosp. Serv., 

W ash.
2 Ibid.. 61. 25.
* Bull. 61, 23, Hyg. Lab., U. S. Pub. H ealth  & M arine Hosp. Serv., 

W ash.

filled containers. Schultz has also made a careful 
examination into this phase of the subject and has 
summarized his preliminary results in the preceding 
table.

Sollman and Brown' have also tested the relative 
efficiency of epinephrin solutions from different sources 
after allowing them to stand for a specified time. 
The values obtained, taking the best sample as 100, 
were 95, 86, 70, 63 and o.

Gunn and Harrison3 studied the factors which 
caused the deterioration of such solutions. Their 
results show that the container is responsible for some 
of the deterioration, as an acid solution of epinephrin 
is more stable than an alkaline solution since the 
latter seems to increase the rate of oxidation. They 
also point out that twice the minimal amount of 
hydrochloric acid necessary to dissolve the base will 
give a more stable solution. Solutions in saturated boric- 
acid free from iron were twice as active as similar solu
tions in ordinary medicinal boric acid. The medicinal 
boric acid was not purified and it developed con
siderably more color than the other solution. Solu
tions kept in bottles only partially filled showed a 
rapid change in color. Dixon3 made the physiological 
tests of these solutions and found that all solutions 
deteriorated on change of color and those solutions 
which had become deep red were almost inactive.

Siegel,4 on testing the effect of oxidation upon an 
epinephrin solution, comes to the conclusion by using 
Ehrmann’s reaction, the pupil dialation, that epi
nephrin alone or in the blood-serum is not destroyed 
by oxidation.

On account of the rapid deterioration of epinephrin 
solutions, the impure preparations and the uses of differ
ent anesthetics in the blood pressure method of assay, 
varying results have been obtained on the action of 
epinephrin. The most important diversion of opinion 
rests on the deterioration of an epinephrin solution 
and whether the epinephrin rise in the blood pressure 
is followed by a depression. Schultzs does not call 
attention to the action of epinephrin, but he does 
speak of an after-depression which invariably follows 
the initial effect of the drug. He does not say whether 
this was characteristic of his standard epinephrin, 
which he took every precaution to prepare (from the 
results obtained, it must have been perfectly pure), 
or whether it occurred only with the different com
mercial preparations.

Van Leersum6 calls special attention to this after
depression by pointing out that it is a characteristic of 
epinephrin.

The disagreements in regard to the physiological 
action of epinephrin, both in the pure state and after
oxidation, together with the difficulty encountered in 
obtaining pure epinephrin from the glands of the 
whale, which on standardizing gave so many con
flicting results, led the author to investigate other

■ J . A m . Med. A ssn., 47 , 792 (1906).
2 Pharm. J .,  26, 513-4 (1908).
» Ib id .
* PfluQer’s. 138, 617-37 (1911).
s Bull. 55, 48, H yg. Lab., U. S. Pub. H ealth  & M arine Hosp. Serv..W ash.
6 Pfluger’s, 142, 377-95 (1911).
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means' for separating the epinephrin and to determine 
if possible the best method for its purification. It  is 
hardly plausible that such a strong vaso-constrictor 
substance as epinephrin should also possess a strong 
depressant action.

E X P E R IM E N T A L .

The material for part of this investigation was ob
tained by the writer during the summer of the year 
1910, while visiting the various whaling stations in 
Newfoundland and Labrador. A fresh supply of the 
suprarenal glands of the whale was received from the 
same locality, late in the year 19 1 1 .  The glands were 
removed from the whales within twenty-four hours 
after death. Obtained thus under these conditions, 
they were fresh and were easily preserved. Chloro
form was used as the preservative and on account of 
the size of the glands they were cut up into small 
pieces Five cc. of the chloroform were added to one 
quart of the material and the jars completely filled, 
so as to leave the minimum amount of air space above 
the glands. The majority of the glands preserved 
remained in good condition, which was partly ac
complished by keeping them in a cool place.

The first step in the investigation was to secure the 
suprarenal glands from cattle, hogs and sheep and 
separate the active principle from these glands by 
Abel’s and Takamine’s method. The epinephrin 
obtained was compared with respect to its qualitative 
and quantitative properties and found to agree in 
every way. Similar tests were made on the whale 
epinephrin and certain peculiarities were noticed, 
more especially in regard to the quantitative tests. 
Instead of obtaining the characteristic rise of the blood 
pressure at once, there was a fall preceding the rise. 
The suprarenal glands of the whale contain large 
quantities of phosphates and in using Takamine’s 
method for extracting the epinephrin from the glands, 
only phosphates were obtained. Abel’s method also 
removed more phosphates from the glands than it did 
epinephrin. This was probably due to the old con
dition of the glands and not unlikely in part to the 
preservative. Some of the jars of whale glands were 
preserved and sent to me from Newfoundland. These 
glands contained as much as 100 cc. of chloroform to 
the jar. The glands from one of these jars were 
pressed and the solution made distinctly acid with 
acetic acid (50 per cent.) and boiled for about one hour 
on a water bath. This coagulated a part of the inert 
matter, which was filtered and the clear filtrate was 
evaporated under pressure to a small bulk The 
residue obtained was made alkaline with ammonia 
and epinephrin immediately separated out. This 
was repurified and gave the first good yield of epin
ephrin from the glands of the whale. This would 
indicate that epinephrin is not present in the glands 
as a free base, since it is not soluble in chloroform, 
but that it is a constituent of a more complex sub
stance1 which is probably broken down by the acid 
used in the process. Experiments are now in pro-

1 This suggestion was m ade by  Dr. F . W. Bushong, of th is  laborato ry . 
Some experim ental work has been done which gives evidence of the ex ist
ence of such a compound.

gress, to determine, if possible, the form of epinephrin 
in the glands. This led to further investigation into 
the methods for separating epinephrin and the follow
ing method was finally devised:

A solution containing 500 cc. absolute alcohol, 
50 cc. chloroform and 25 cc. of acetic acid, was gradually 
added, with constant shaking, to 1000 grams of the 
finely disintegrated preserved glands of the whale. 
This was allowed to stand over night. The liquid was 
pressed from the glands, made distinctly acid with an 
additional 25 cc. of acetic acid (50 per cent.) and 
brought to a boil on a water bath, to coagulate the 
protein material. The precipitate was filtered off 
and 600 cc. of a clear yellowish filtrate obtained. 
The filtrate was concentrated under diminished 
pressure to 60 cc. This residue was filtered and made 
distinctly alkaline with strong aqueous ammonia 
whereupon a heavy precipitate of epinephrin formed. 
This was immediately collected on a filter under 
pressure, washed thoroughly with water, absolute 
alcohol and ether and dried in a vacuum over sul
phuric acid. The yield on the first precipitation was 
2 .110 3  grams.

The residual glands wrere treated in the same manner 
a second time, except that the solution contained 
500 cc. of 70 per cent, methyl alcohol, 100 cc. chloro
form and 25 cc. acetic acid. This second precipita
tion gave a yield of 0.36 gram of epinephrin.

The epinephrin was repurified by adding 20 cc. of a 
25 per cent, solution of acetic acid, containing 1 cc. 
of sodium sulphite, to 2.0525 grams of the impure 
epinephrin. This dissolved the base, giving a brown 
solution. The solution was filtered and to the clear 
filtrate ammonia (sp. gr. 0.950 was added until the 
precipitation was complete. The epinephrin formed 
as a heavy white flocculent precipitate. This was 
allowed to stand in a cool place for about an hour. 
The precipitate was collected on a filter under pressure, 
again thoroughly washed with water, absolute alcohol, 
ether, and dried in a vacuum over sulphuric acid. 
This yielded 1.7680 grams. The second precipita
tion of 0.36 gram of impure epinephrin was recrystal
lized by the same method and gave a yield of 0.3104 
gram of the pure base. This totaled' 2.0784 grams of 
pure, almost white, crystalline epinephrin or a little 
better than 0.2 of 1 per cent, yield rom the moist 
glands. The loss in the repurification was 13.8 per 
cent. This method could hardly be called quan
titative, yet every precaution was taken to prevent 
oxidation and loss through manipulation.

The same method was used for extracting epinephrin 
from the fresh suprarenal glands of cattle. On the 
first precipitation 3.2225 grams of impure epinephrin 
were obtained from 1000 grams of the fresh glands. 
This contained a large percentage of impurities, 
mostly phosphates. The phosphates obtained in 
some cases were 0.1 per cent, of the moist glands. 
Other impurities were also present, as will be pointed 
out from the physiological tests.

The whale epinephrin possesses all of the properties 
of epinephrin, such as giving with ferric chloride the 
emerald green color which quickly turns rose red on
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standing in the air, the rose-pink color with iodine, 
reduction of ammonical silver nitrate solution and 
Fehling’s solution.

Nitrogen determinations by the Kjeldahl method 
showed the following results:

P roduct Theoretical requirem ents
analyzed. for form ula C9H 13NO3.
N -  7.91 N  -  7 .65

The polarimetric reading was [a ]2D6 =  — 52.00°.
The melting point was 2 12 0 C. This would indicate 
that the whale epinephrin is the same as the active 
principle separated from the glands of other mammals.

The exact yield of the epinephrin content of the 
whale glands is hard 'to determine,, as the extractions 
were made from the glands after they had stood from 
six to nine months The best yield obtained was
0.2 of x per cent, of the moist glands and these glands 
were in exceptionally good condition. Most of the 
determinations show about 0.15 per cent. Abel1 
has described a method which is said to give a yield 
of 0.3 per cent, from the fresh cattle glands, and it is 
quite possible to expect a like yield from the fresh 
glands of the whale. Several tests were made to detect 
iodine in the glands, but all gave negative results.

As was pointed out in the early part of the paper 
the different commercial and synthetic preparations 
of epinephrin may compare very favorably in all the 
qualitative tests and yet the quantitative results vary 
widely. This was clearly demonstrated in Schultz’s2

pressure in the carotid artery produced by making 
the injection in the femoral vein of an anesthetized 
animal, except that cats were used in place of dogs, 
and no curare was given with the ether anesthesia. 
The only advantage to be gained by the use of curare 
is to prevent muscle tremors, but this could hardly 
be called an advantage, since curare has a depressant 
action which might interfere with the action of the 
epinephrin. B y  very carefully administering the 
ether at specified times and between each injection, a 
very uniform condition of anesthesia could be main
tained and the animal could just be kept in a state of 
unconsciousness, which condition seemed to be favor
able for the best results.

The epinephrin used for these physiological tests 
was carefully prepared and the degree of purity was 
determined by testing solutions which contained 
impurities and solutions of the recrystallized epin
ephrin. Several different methods for recrystallizing 
the base were used. The solutions were not made 
up until about two hours before the experiments were 
performed and then they were prepared from the 
crystalline product. The amount of base necessary 
to make a 1 : 1000 solution was weighed out on an 
analytical balance and dissolved in Ringer’s solution, 
containing the calculated amount of hydrochloric 
acid necessary to dissolve all the epinephrin. This 
solution was then diluted to the desired strength.

Cu r v e  I .

Showing change in blood-pressure produced by  an  intravenous injection of 1 cc. of 1-10,000 pa rts  solution of commercial 
epinephrin. D ata  under Table IV , Lab. No. I. The perpendicular lines in the curve represent the h ea rt action and respira tion; 
the  lower line is used as a  base line and to  determ ine the  time. This curve shows very clearly th e  characteristic  after-depres
sion obtained by the  use of im pure epinephrin.

table where only three out of seven brands of epinephrin 
were found to compare with the standard. The other 
solutions varied from 3.71 to 7* per cent of the required 
activity. Thus, after making sure of the qualitative 
properties of the whale epinephrin, every precaution 
was taken to obtain the best quantitative results. 
The success of these quantitative results was due 
largely to the valuable cooperation of Mr. Burket. 
Of the various methods investigated and tried, the 
blood pressure proved the most satisfactory. The 
method used was practically the same as that described 
by Schultz,3 which indicates the change of the blood

1 Loc. cit.
2 Ibid.
3 Bull. 55, 25, Hyg. Lab., U. S. Pub. H ealth  & M arine Serv., W ash.

The injections were usually 1 cc. of a 1-10,000 parts 
solution of the base. The syringe and pipettes used 
were standardized.

The epinephrin thus prepared from the whale was 
compared with a commercial preparation of epinephrin 
obtained directly from the manufacturers and with 
commercial solutions of epinephrin placed upon the 
market.

The blood pressure experiments were made in con
nection with some experiments Mr. Burket was making 
on the influence of epinephrin modified by various salt 
solutions, such as sodium chloride, potassium chloride, 
barium chloride, salts of phosphorus and the like, on 
the blood pressure, in the Physiology Department of
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this University. The results of his research will clear filtrate until the solution smelled distinctly of
appear .in the American Journal of Physiology. ammonia, at which point the precipitation was com-

The blood pressure experiments were made on 17 pletc. The precipitate was collected on a filter under

Cu r v e  I I .
Showing change in blood pressure produced by  an in traven  us injection of 1 cc. of 1-50,000 pa rts  solution of commercial 

cpinephrin. D a ta  under Table IV . Lab. No. la .  T he depression here is in abou t the  sam e proportion to  the  rise as is th a t  
shown in Curve I.

cats, but the data from only a few of the typical 
experiments will be given. The greater part of this 
data will be confined to the active principle from the 
whale glands, a part that was not taken up in detail 
by Mr. Burket. Sufficient data will be taken from the 
commercial preparations to show the difference in 
action between the pure and impure product of both 
whale and cattle cpinephrin, the effect of oxidation 
on a solution of the base and to prove the quantitative 
properties of whale epinephrin.

In all but one of the injections (see Table I) the 
epinephrin rise was followed by an after-depression 
which was more apparent with the commercial epine
phrin than with the purer product obtained from the 
glands of the whale and cattle.

The method for repurifying the epinephrin used in 
these experiments was to dissolve the base in 
absolute alcohol, which contained a small percentage of

T ab l e  I.— B lood P r e ssu r e  E x p e r im e n t , F e b . 21, 1912.
Male oat, 3.5 kilogram s weight. E th er anesthesia. Record of the change 

of the  blood pressure in the  caro tid  artery . Solutions p repared  11.30 
a .m. and injected in to  the  fem oral veins: 5 m illigram s of th e  base d is
solved in 5 cc. of R inger’s solution, acidulated w ith  calculated am ount 
of HCl and dilu ted  to  m ake 1-10,000 p a rts  solution (base). A m ount 
injected, 1 cc.

Solution Lab.

Tim e
of

injec
tion.
P.M.

Blood pressure 
m easured by  m er
cury  m anom eter. 

Before. A fter. Rise,

D ura
tion 

. of rise.
D e

pres
sion.
Mm.

D ura
tion  

of de
pression.

injected.
Epinephrin:

No. Mm. Mm. Mm. Min. Sec. Min. Sec.

Commercial1 Ia 2 .48 170 248 78 1 10 50 1 30
W hale "A ” 2 II 3 .03 160 238 78 1 45 24 . . 30
W hale “ B ”3 I I I 3 .08 156 220 64 1 30 32 1 30
W hale “ A ” l i a 3 .32 160 234 74 1 28 . . 10
Commercial IX 3 .54 120 196 76 2 30 1
Cattle4 X 3 .57 132 212 80 2 none . .

1 Commercial crystalline epinephrin obtained  directly  from th e  m anu
facturers.

2 R ccrystallized.
3 Im pure.
4 This epinephrin was p repared  by  th e  sam e m ethod used to  prepare 

th e  whale epinephrin and was rcpurified th e  sam e as W hale “A " epinephrin.

Cu r v e  I I I .
Showing change in blood pressure produced by an  intravenous injection of 1 cc. of 1-10,000 p a rts  solution of repurified whale 

epinephrin. D ate  under Table IV , Lab. No. 11(15). The after-depression is entirely  elim inated.

dilute hydrochloric acid. The organic, inorganic and pressure and thoroughly washed with water, absolute
protein material was precipitated by adding ether, alcohol and ether. I t  was dried in a vacuum over
The solution was filtered and ammonia added to the sulphuric acid. It was found necessary to take pre-
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cautions in using this method, as the addition of too 
strong hydrochloric acid readily decomposes the base.

In  Table l i th e  after-depressions are as characteristic 
as the rise which appeared greater with the com
mercial than with the purer epinephrin.

1 cc. injection of a 1-10,000 parts solution of the base 
compare very favorably with those obtained by 
Schultz.1

Whale epinephrin “ 93”  (Table III)  was repurified by 
dissolving it in dilute acetic acid containing a small

CUKVR I\ .
Showing change in blood pressure produced by an intravenous injection of 1 cc. of 1-50,000 p a rts  solution of rcpurified 

whale epinephrin. D a ta  under Table IV , Lab. No. l i a .  No depression.
T a b l b  I I .— B lood P r e s su r e  E x p e r im e n t , F e b . 24, 1912.

Male cat. A pproxim ate weight, 3.5 kilograms. Same m ethod and d ilu 
tions as given under Table I . Solutions were p repared  by 9.40 a .m . 
A m ount injected, 1 cc.

Blood pressure D ura-
Tim e m easured by  m er- D ura- tion

of cury  m anom eter. tion De- of de- 
Solution l a b  in jec-B efore . A fter. Rise, of rise, pres- pression.

injected.
Epinephrin:

No. A.M. Mm. Mm. Mm. Min.
------- » MUll.

Sec. Mm. Min. Sec.

Commercial I 10.28 160 246 86 1 7 54 2 53
W hale “A ” 1 II 10.33 156 268 112 1 30 6 i
W hale “A " l i a 10.37 150 262 112 1 30 28 1
W hale *‘B ”2 I I I 10.42 146 244 98 1 11 42 2
Commercial,

1-1000 Sol. VI 10.54 152 218 66 55 22 1 40
W hale • V II 10.57 150 258 108 2 48 2
C attle3 V III 11.14 110 206 96 2 30 10 15
C attle V i l l a 11 .17 116 216 100 2 none
Commercial la 11.24 110 220 110 1 20 34 2 30
C attle  “A ” 4 X 11 .43 n o 198 88 2 15 none
W hale “ B ” I l i a 12.05 110 198 88 1 15 42 2
W hale “ A” II(i7) 12.24 100 208 108 2 8 10

1 Rcpurified.
2 Im pure.
3 C attle  epinephrin prepared  and purified in the  same m anner as  the

whale epinephrin.
4 Second preparation  b y  the  sam e m ethod.

The same method of purification was used, as de
scribed under Table I. The increase in the blood 
pressure was very nearly the same for all the crystal
line preparations but was a considerable increase

T a b l e  I II .— B lood Pr e ssu r e  E x p e r im e n t , A pr il  27, 1912. 
F em ale cat, 3 kilogram s w eight. Sam e m eth od  and d ilu tions as given  

under T able I . S o lu tion s prepared a t  9 .00  a .m . A m oun t in jected , 1 cc.

Blood pressure Dura-
Time m easured by  m er D ura tion

of cury m anom eter. tion Dc- of de-

Solution Lab.
No.

injec
tion.
A.M.

Before. A fter. R ise. of rise. pres-■ pression.

injected.
E pinephrin: Mm. Mm. Mm. Min. Sec. Mm. Min. Sec.

Commercial la 10.10 130 214 84 2 . .  30 1 30
W hale 931 2 10.15 90 198 108 3
W hale 93 9 10.23 96 192 96 3
WTiale “ B ”2 10 10.34 120 188 68 2 . . 22 3
W hale “ B ” 3 10.52 100 170 70 2 . . 10 1
W hale 892 15 11.53 90 150 60 3 . .  14 2

1 Repurified.
2 Im pure.

over the commercial i - i o o o  solution of the base.
The results in the increase in blood pressure for a

per cent, of sodium sulphite and reprecipitated by 
adding ammonia. This gave an almost pure white 
crystalline product as distinguished from the com
mercial preparation, which is of a pinkish color. The 
polarimetric measurement was [ a] 2D5 =  — 52.00°. 
This epinephrin failed to give the after-depression, 
which occurred with the injections of the commercial 
and impure whale epinephrin.

As can be seen by examining the table, the increase 
in the blood pressure lasted for a longer time with the 
pure epinephrin and there was no depression as char
acterized by the commercial and impure compound. 
This would indicate that the depression is due to some 
impurity. The following tables contain sufficient 
evidence to prove that the after-effect is due to some 
foreign substance and is not in any way a part of the 
epinephrin. The base used for the experiments in 
Table IV  was repurified three times by the method

T a b l e  IV .— B lood P r e ssu r e  E x p e r im e n t , May  5, 1912.
Fem ale cat. A pproxim ate weight 3 kilograms. M ethod sam e as given 

under Table I. T he solutions were prepared a t  1.30 o ’clock and  d ilu ted  
to  m ake 1-10,000 (o) and  1-50,000 (6) p a rts  so lution (base). ^A m oun t 
injected, 1 cc.

B lood pressure 
Time m easured by  m er- D ura- D uration

Solution Lab.
No.

Dilu
tion.

of
injec
tion.
P.M.

cury  m anom eter, tion  
Before. A fter. Rise, of rise.

De-
pres-

of de
pression.

injected. Mm. Mm. Min. Min Sec. Mm. Min. Sec.
E pinephrin:

Commercial Ia b 2.23 136 180 44 42 18 1 30
Commercial I a 2.27 136 228 92 2 34 30
W hale “ A ” 1 IV a 2 .40 120 134 114 2
W hale “ A ” II b 2.48 120 164 44 1
W hale "A ” l i a b 3.01 130 176 46 57
W hale “ B ” 2 I I I a 3 .06 120 208 88 1 18 6
W hale “ A ” U a.d b 3.22 114 166 52 1 30
W hale “ B ” I l i a a 3 .2 6 116 204 88 1 56
C attle  “A” 3 I Va b 3.37 120 178 58 1 24
W hale “ A " H a ./ b 3.41 120 168 48 1 15
Commercial l a ,b b 3 .43 126 178 52 1 12 18
W hale "A " l ia ,  g b 3 .55 112 168 56 I 30
Commercial I a .h b 4 .03 116 174 58 1 18 6 15
W hale "A " 11(15) a 4 .10 116 224 108 2 none
Commercial Jg a 4 .15 120 212 92 2 18 30

1 Repurified.
2 Im pure.
3 Prepared in th e  sam e m anner as the  whale epinephrin. 
1 Loc. cit.
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described under Table I I I  in order to be absolutely 
certain of its purity.

The only depressions obtained were by injecting the 
impure whale epinephrin and the commercial prepara
tion. The increase in the blood pressure is just about 
the same with the commercial preparations as with the 
repurified compound. However, the effect of the drug 
lasted for a longer time with the pure base. These 
results are again in agreement with those obtained by 
Schultz.

It thus becomes evident that the after-effect so 
commonly given by epinephrin is not a characteristic 
of the base but is due to some other source. The 
difference between the pure and impure epinephrin in 
the increase of the blood pressure shows this depres
sant substance to be of a very active nature.

T ab l e  V.— A m ount  I n jec ted , I cc.
Blood pressure m easured by  a 

M ercury m anom eter.
Concentration / * >

of solution. Dcpres- Depres-

Solution Lab. Base. Ringer.
Rise. sion. Rise. 

A pr. 27. (Fresh.) May 5.
sion.
(Old.)

injected. No. Gram. Cc. Mm. Mm. Mm. Mm.
Epinephrin:

Commercial Ia 1 10,000 84 30 72 50
W hale "93" 2 1 10,000 108 86 22
Commercial 
Fresh, M ay 5 1 1 10,000 92 . 34
W hale
Fresh, M ay 5 IV 1 10,000 114 none

ing failed to increase the blood pressure to the same 
degree as a fresh solution of the same strength ©f the 
base. The same solution injected into an anesthetized 
cat eight days previous possessed a stronger vaso
constrictor action than it did after standing. The

Cur v e  V.
Showing change in blood pressure produced by  an  intravenous injection of 1 cc. of 1-10,000 pa rts  solution of rcpurified 

ca ttle  epinephrin. D ata  under Table I I ,  Lab. No. V i l la .  This curve is of the  recrystallized ca ttle  epinephrin separated  by  the 
sam e m ethod as th a t  used in obtaining the  active principle from the  glands of the  whale and is identical w ith the curve produced 
by the  w hale epinephrin.

The solutions of epinephrin undergo decomposition 
very readily and in most cases this is clearly indicated 
by the color changes. A deteriorated solution will 
first become pink, then red and finally brown, at 
which point a precipitate usually is formed. It  has 
been clearly demonstrated by many investigators that 
solutions having reached this stage are worthless for 
medicinal purposes.

A few experiments have been made to determine 
the effect of slightly deteriorated solutions. Only 
part of the solutions prepared for the physiological 
experiments given under Table I I I  were used for mak
ing those tests. The remaining solutions were placed 
in white glass bottles, care being taken to see that the 
bottles were only half filled by the solutions. These 
were placed aside for one week. On examination, 
they all showed a change of color, which was more 
distinct with the commercial solution than with those 
of the purer epinephrin. The commercial epinephrin 
had changed to a red color, while the purer base was 
of a faint pink color. Physiological tests were made 
of these solutions, the results of which are recorded 
in Table V.

The injection of a solution after eight days’ stand-

increase in the blood pressure by an injection of 
epinephrin varies in the different animals ana this is 
well illustrated in experiments of Table V, in which 
the fresh solution of epinephrin caused a greater in
crease in the blood pressure than the fresh solutions 
injected into a d fferent animal eight days previous; 
thus if the solutions Nos, la  and 2 in Table V  had not 
deteriorated on standing, they should have increased 
the pressure more in this particular case than they did 
before, but as denoted by the results, the rise in the 
blood pressure fell considerably below the previous 
rise. On comparing these results with those obtained 
by Schultz,1 it will be seen that they substantiate his 
work. As an example, he found that an injection of a 
1-10,000 parts solution of “ epinephrin” 3 prepared on 
October 29th gave an increase of 106 mm. in the blood 
pressure, while a similar solution prepared ten days 
previous increased the pressure only 75 mm. The 
results show that this deterioration was just the same 
with the pure and mpure product, as in neither case 
was the blood pressure increase as great as with the

1 hoc. cii.
2 Schultz uses the  nam e adrenaline instead  of epinephrin in th is  p a r

ticu lar case. A drenaline is often used in th e  chem ical lite ra tu re  for the  
active principle from the  suprarenal glands.



fresh solutions It is also to be observed that the after
depression with the commercial epinephrin has in
creased and that the pure epinephrin, which a week 
previous did not give an after-effect, now produces 
a marked depression. It  is quite possible, therefore, 
that part of the so-called characteristic depressant 
action of epinephrin is partly due to the decomposi
tion products of epinephrin caused by oxidation, and 
partly due to- the impurities. We may conclude, 
therefore, that the impurities present in an epinephrin 
solution perform two functions: first, their presence 
alone causes the epinephrin to give an after-depres
sion, and second, they tend to accelerate the degree 
of the deterioration of a solution.

The impurities present in an epinephrin solution 
consist largely of proteins, lecithins and phosphates. 
In order to get a control and to see whether the phos
phates, which arc present in such large quantities in 
the glands of the whale, have any effect on the blood 
pressure, physiolog cal tests were made1 on the various 
salts of phosphorus and on phosphoric acid alone and 
in solution with epinephrin. These showed no effect 
whatever on the blood pressure. On oxidation and 
decomposition, cholin, or some other substance which 
is antagonistic to epinephrin, might be formed in small 
quantities.

C O N C L U S IO N S.

Epinephrin is present in the suprarenal glands of 
the whale and can be separated from the glands pre
served in chloroform after standing for six to nine 
months. The highest yield obtained was 0.2 per cent, 
of the moist glands or about 1.2 grams from each 
gland.

If the epinephrin is very carefully purified by the 
method described under Table I I I  and injected in
travenously, it gives a marked increase in the blood 
pressure which is not followed by a depressant action. 
This so-called depressant property of epinephrin is 
due to impurities present in the glands and to decom
position products which are formed through oxidation 
on standing for a short time in aqueous solution. 
The commercial epinephrin shows this after-depres
sion. The commercial product used in making these 
comparisons was declared by Schultz to be the best 
preparation placed upon the market. He gave 
sufficient evidence to show that it increases the blood 
pressure to the same degree as a much purer product, 
and these results were duplicated in the data presented 
in this paper. However, as is illustrated from these 
results, the increase in the blood pressure alone can
not be used as an index of purity but the after-de- 
pression must also be taken into consideration.

This is illustrated by the following experiments.
Table V I contains an average change in the blood

T ab l e  V I.
Concentration Blood pressure m easured

of solution. by  a  m ercury m anom eter.

Sept., 1912 TH E J O U R N A L  OF I N D U S T R I A L

A m t.
Solution injected. Base. Ringer. Rise. Depression.

injected. Cc. Gram. Cc. Mm. Mm.
Epinephrin:

Commercial 1 1 10,000 84 30
Pure 1 1 10,000 108 none

1 These were studied by  Mr. B urket and][the com plete results will be 
published in his paper in the A m . J .  Phys.

pressure produced by- injecting 1 cc. of a 1-10,000 
parts solution of the pure and impure epinephrin into 
a 3 kg. cat. This epinephrin was obtained both from 
the cattle and the whale.

The following table contains an average change in 
the blood pressure produced by inject'ng 1 cc. of a ’ 
1-50,000 parts solution (base) into a 3 kg. cat.

Tab l e  V II .
Concentration Blood pressure m easured 

of solution, b y  a m ercury m anom eter.
Amt.  -------------   »     s

AND E N G IN E E R IN G  C H E M IS T R Y .  645

Solution injected. Base. Ringer. Rise. Depression.
injected. Cc. Gram. Cc. Mm. Mm.

Epinephrin:
Commercial 1 1 50,000 55 8
Pure 1 1 50,000 58 0

Several different methods were used to detect iodine 
in the glands and they all gave negative results.

The author wishes to express his gratitude to Dr. 
Robert Kennedy Duncan, Sc.D., for his helpful 
assistance in this work.

D epartm ent  of  I nd ustr ial  R esea rch ,
U niv er sity  of  K a n sa s ,

La w r ence .

TH E CHLORIDES OF CARBON AS SOLVENTS, I :  CARBON 
TETRACH LO RID E.1

B y  Ch arles B a sk er ville  a n d  H . S. R ik der er . 
R eceived  Ju ne 22, 1912.

IN D U S T R IA L  C O N S ID E R A T IO N S .

Serious endeavors have been made to introduce 
carbon tetrachloride, which has replaced chloroform 
for many purposes, as a substitute for benzine in indus
trial extraction processes, and it has, in fact, been 
adopted in a number of industries with excellent 
results. For such a purpose, a solvent, to be of indus
trial value, should satisfy the following requirements:2

1. It should be free from danger of inflammability 
and explosion.3 This is, as is well-known, one of the 
principal advantages in using carbon tetrachloride, 
and renders it of especial importance in the dyeing 
industry and in cleaning establishments.4 When such 
a non-inflammable material as carbon tetrachloride 
is employed as a solvent, high premiums for fire 
insurance and special precautions against fire are 
reduced.

2. It should be a uniform chemical compound and 
not a mixture, so that only distillation, and not 
fractionation, should be required in practice. Carbon 
tetrachloride complies in full with this requirement.

3. It  should be completely volatile without impart
ing any odor to the solute or extracted material. 
It has been found that bone fat produced with the aid 
of carbon tetrachloride is of superior quality to that

1 R ead before the New Y ork  Section of th e  Am erican Chemical Society, 
May 10, 1912.

2 O n these points, see G answ indt, Z. angew. Chem., 1899, 537.
3 Carbon tetrachloride is uninflam m able and furnishes no exp losive  

vapors. On th e flash-points o f m ixtu res of carbon tetrachloride and ligh t  
petroleum , see Barrier, T h is  J o u r n a l , 2, 16.

* A num ber of processes have been devised for rendering carbon te tr a 
chloride soluble in dilu te  soap solutions and fo r rendering i t  soluble in, 
o r emulsifiable w ith, w ater. The products are intended for use in cleansing 
textiles, etc. Somm erfeld (Leipziger Färber- u . Zeugdrucker-Ztg., 47 , 223)  
pointed o u t th a t  carbon te trachloride  could be used for rem oving grease 
stains, and th a t, unlike when petro leum  sp irit was used, there  was no halo 
left a fte r th e  s ta in  had  disappeared. Carbon te trachloride  has been sold 
as a  grease cradicator for some time.
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obtained by means of petroleum ether. In such ex
traction processes, the favorable results obtained are 
also to be attributed, in part, to the fact that, with 
carbon tetrachloride, the extraction is at a lower 
temperature.1

4. It  should dissolve fats, resins, and oils as readily 
as benzine.“

5. It should not freeze at the average winter tem
perature. Carbon tetrachloride freezes at — 24.7° C. 
at the ordinary pressure, and at o° C. under 620 
atmospheres pressure.

6. Its vapors, when inhaled, should not exert any 
objectionable physiological action. It has been stated 
that the use of carbon tetrachloride is objectionable 
from a hygienic standpoint;3 but its anesthetic action 
has been investigated, and, notwithstanding many 
statements to the contrary, carbon tetrachloride has been 
found to be quantitatively less active than benzine.4

7. Its price should be as nearly as possible that of 
benzine. Comparative high cost has been the principal 
handicap of carbon tetrachloride.

Other worthy advantages of carbon tetrachloride 
than those given above, arc: It has a lower boiling
point— namely, 78. i °  C.— than the generally employed 
petroleum fractions (7 o °-i2 o ° C .); it possesses a 
specific gravity of 1.63, and therefore shares with 
carbon disulphide the advantage of being heavier 
than water; and it possesses both a low specific heat 
(0.219 at 8 °°  C.) and a low latent heat of evaporation, 
in consequence of which its use effects a great saving 
in steam and cooling water.

It has been indicated, however, that these advan
tages are not a sufficient set-off against the comparative 
high price of carbon tetrachloride, for, in the extraction 
processes by the aid of solvents, the volume of the 
solvent and not its weight must be considered. * I t  is 
evident that for the same volume of solvent more than 
twice as much of carbon tetrachloride by weight must 
be used as of petroleum naphtha.6 The loss, expressed 
in actual money value, is also greater than in the case 
of naphtha; and it has been said that the difference 
in favor of carbon tetrachloride in cooling water

1 On th is  po in t sec B rücke, Chem. Rev. Fett- u. Ilarz-ind., 12, 100.
2 Von Schw artz (“ F ire and Explosion R isks,” p. 256, 1904) refers to  

carbon te trachloride  as " th e  best of all substitu tes fo r benzine” and states  
th a t  it “ dissolves fa t as readily  as benzine.”

3 Von Schw artz, ibid.
4 Lehm an, Chem.-Ztg., 1906, 330; cf., however, Gochrig, J .  Soc. Client. 

Ind ., 22, 1344.
On th e  physiological action of carbon tetrachloride, see also B. and 

F. Med.-Chir. Rex., 1867, 551; Lancet, June, 1867; R ichardson, Set. A m . 
Suppl., No. 515, 8227; B ianchini, Stazione Sperimentale Agraria Italiana, 
37, 171 (1904); Freyss, Chem.-Ztg., 1903, 1137; H aller, Der. ueber die W el
tausstellung in  Paris, 1900: Morel, Compt. rend., 84, 1460; an d  Regnauld, 
Idem ., 100, 1146.

W hile i t  is s ta ted  th a t  carbon tetrachloride is m ore toxic and  more 
irrita tin g  to  the mucous m em brane of th e  trachea and bronchi than  chloro
form  (Francis and Fortescue-Brickdale, “ The Chemical B asis of P h arm a
cology,” 1908, p. 97), Cushny sta tes  th a t  its  h e a r t depressing action is one- 
half as strong as th a t  of chloroform , and  M arshall found the  difference 
in action between carbon te trachloride and  chloroform  to  be m ainly  due to  
physical characteristics.

Carbon te trachloride has been used by hairdressers to  clean the  ha ir, 
and a case of accidental poisoning, owing to th e  inhalation of th e  vapor, 
has been reported (Lancet, 1907, i, 1725). This case very  nearly  had  a  
fa ta l term ination.

5 Sec Zänker, Leipziger Färber- u. Zeugdrucker-Ztg., 48 , 237.
6 In  washing operations, generally speaking, equal volumes have to 

be taken for comparison.

required for condensing the vapors is too small, even 
though lower insurance premiums be considered, to 
counterbalance the difference in cost of the amounts 
of solvents employed. Carbon tetrachloride also 
attacks iron and copper, especially in the presence of 
moisture, so that it is necessary to use lead- or tin- 
lined extraction apparatus, just as in . the case of 
s-tetrachloro-ethane.1

Pichon and Truchelut have pointed out3 that the 
use of carbon tetrachloride has been restricted in many 
industries by its tendency to decompose, with the 
liberation of hydrogen chloride,3 particularly when 
mixed with light petroleum. They claimed a method 
for suppressing this decomposition, depending upon 
the addition of from 1-5  per cent, of oil of turpentine 
or other hydrocarbon with a great affinity for oxygen.

Baskerville and Hamor1 find that while pure carbon 
tetrachloride is subject to oxidation, carbonyl chloride 
being formed, when exposed to light in partially filled 
colorless glass containers for long periods,5 and that 
this decomposition is accelerated by the presence of 
hydrochloric or sulphuric acid, yet the oxidation is 
much slower than in the case of chloroform. The 
small amount of sulphur or carbon disulphide, or both, 
present in commercial carbon tetrachloride may act 
as a preservative, and there has been very little com
plaint among consumers about the decomposition of 
the solvent. Carbon tetrachloride should not, of 
course, be used in the presence of oxidizing agents or 
mineral acids; and when it is to be kept for some time, 
should be stored in a dark, cool place, in well filled, 
or, better still, totally filled containers.

Notwithstanding the objections which have been 
urged against the employment of carbon tetrachloride, 
it has admittedly taken a place as an industrial solvent; 
its high solvent power for various substances, its 
uniformity, non-inflammability and non-explosibility, 
have particularly impressed certain manufacturers, 
and it has replaced benzine and carbon disulphide in 
some plants where risks from fire or explosion are 
serious considerations. With suitable extraction ap
paratus, the losses during extraction processes should 
■be small and the solvent should do its work rapidly 
and economically.

1 Bolis (Chem.-Ztg., 30 , 1117) found th a t  perfectly  d ry  carbon te tra 
chloride m ight be boiled in cast-iron vessels and would ex ert very  slight 
action on them ; b u t th a t  if m oisture was present, the  iron was very sensibly 
a ttacked , the  ra te  of a tta ck  increasing w ith th e  proportion  of m oisture. 
B rücke (/oc. cit.) repo rted  th a t  o rd inary  iron ex trac tion  apparatu s was qu ite  
unsuitable for carbon tetrachloride.

2 French P a ten t, 402,235, April 20, 1909.
3 Carbonyl chloride is produced by  th e  action of powerful oxidizing 

agents, such as, for exam ple, chrom ic acid, on carbon te trachloride  (Schm idt, 
Pliarm. Chem., 2 , 148 (1896)). G oldschm idt reported  (IVien. A kad. Der., 
2, Abt. 83, 736; Der., 14, 927) th a t  w ater and carbon te trachloride  form  
hydrogen chloride and carbon dioxide a t  high tem peratures.

F o r  a  r6sum£ of the  deportm ent of carbon tetrachloride w ith various 
inorganic and  organic com pounds, see M argosches, Der Tetrachlorkohlen
stoff, 1905, 45-72 ; and  on th e  pyrogcnic reactions of the  com pound, con
su lt R egnault, A n n ., 33, 310; A n n . chim. phys., [2] 71, 353; K olbe, A n n .,  
54, 147; B asset, Chem. News» 20, 175; Lüdeking, P hil. M ag., [5] 33, 521; 
H odgkinson and Lowndes, Chem. News, 58, 187; Löb, Z . Elektrochem., 
7 , 903.

4 U npublished investigation.
5 The exposures were m ade fo r one year, to  diffused sunlight and a t  

20° C., in bo ttles  containing varying  am ounts of air.
In  th is  connection, see Baskerville and  H am or, T h is  Jo u r n a l , 4 , 

No. 4, 287.
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T H E  SO L V E N T  P R O P E R T IE S  O F C A RB O N  T E T R A C H L O R ID E .

With regard to the solvent properties of carbon 
tetrachloride, very few data are available with 
reference to pure chemical substances. For the most 
part, medicinal preparations have alone been studied, 
and these are all very sparingly soluble.1 Inorganic 
salts have received little consideration; and while such 
substances as acetic acid, bromine, iodine, and carbon 
dioxide have been investigated as to their distribution 
in the system water-carbon tetrachloride, yet the 
results give no indication of the actual solubility of 
these in carbon tetrachloride.

The solution of gums, resins, natural pitches, as
phalts, etc., in carbon tetrachloride has been reported,2 
but the results have received only partial confirmation, 
— in fact, many of the statements relating thereto 
are conflicting. Gum mastic, for example, has been 
reported to be both soluble and insoluble in hot carbon 
tetrachloride, while, as a matter of fact, it is completely 
soluble at + 2 0 ° C. Andes3 reported on gums, resins, 
etc., insoluble, partly soluble, and soluble, which might 
be more easily dissolved by admixture of other sol
vents, as alcohol, turpentine, and the like, for pro
ducing varnishes.

Carbon tetrachloride has been used for extracting 
fats,1* oils,5 waxes,6 asphalt,? resins,8 dyes,9 alkaloids,10 
and for dissolving caoutchouc;11 but in the published 
accounts of these applications no mention of quanti
tative data is made.

This investigation was undertaken with the following 
ideas in mind:

x. To learn if the chlorides of carbon would answer 
the purposes of some of the solvents used at present 
on a large scale commercially or as analytical reagents.

2. To determine, provided they proved commercially 
desirable, if they supplied a less hazard to life in their 
use.

3. To learn if some means might be devised whereby 
these solvents, some already proven of value in specific 
cases, both as to hygiene and efficiency, could be pro-

1 See appended Tables.
2 In , for exam ple. Neueste Erûnd. u. Erfahnuujcn, 1896, 3.
3 Chcm. Rev. Fett- u . Ilarz-Ind ., 12, 157 (1905).
4 On th e  determ ination  of fa t in food m aterials, see B ryan t, J .  A m . 

Cltem. Soc., 1904, 568. M ention has already been m ade of carbon te tra 
chloride as a fa t solvent.

6 E. Q.t in the  determ ination  of oil in cottonseed products (H erty . 
Sm ith , and  Orr, T h is  J o u r n a l , 1, No. 2).

c In  the  analysis of paraffin, Gracfe, Chcm. Rev. Fett- u . Harz-Ind., 
1906, 30. In  G erm an P a ten t, 179,449, Jan u a ry  3, 1902, fa t o r wax is 
ex trac ted  from  m oist substances by  using, am ong o ther solvents, carbon 
te trach loride; and  in English P a ten t, 741, Jan u a ry  13, 1908, to  m oderate 
th e  chlorination reaction  on resins, gums, wax, fats, oils, etc., these are 
dissolved in carbon tetrachloride. m

7 Sec R ichardson and  Forrest, J .  Soc. Chem. Ind., 24, 310.
8 On carbon tetrachloride as a  p a in t o r varn ish  d iluent, see Le Roy, 

Rev. Chim. Ind ., 11, 173. Le R oy gave the  advantages as follows: dim in
ished inflam m ability, less tendency for the  pigm ent to  deposit on keeping, 
freedom  from solidification or résinification during  storage, b rillian t strong 
films, and excellent drying power.

In  U. S. P a te n t, 817,141, A pril 3, 1906, to  Ellis, carbon te trachloride 
in  com bination w ith wax, alcohol, and am yl ace ta te  is claim ed as a  p a in t 
and  varnish  remover.

9 In  the  determ ination  of dyes in confectionery, P in tte  and  B enti- 
voglio, Gazz. chim. iial., 1906, ii, 385. On the  solution of fa tty  color 
laTces in carbon tetrachloride, see Sommerfeld, loc. cii.

10 See Schindelmeiser, Chem.-Ztg., 1901, 129.
11 In  th e  p repara tion  of an  antiseptic rubber solution for clinical use, 

W ederhake, Med. K lin ., 1908, 1302.

duced at a less or at least more reasonable price.
This communication presents some new data on 

carbon tetrachloride as a commercial solvent. Other 
phases of the topic will be presented in later papers.

E X P E R IM E N T A L .

In the experimental determinations of the solvent 
properties of carbon tetrachloride, commercial carbon 
tetrachloride, 99.70 per cent, pure, was used.1 All 
determinations were made at room temperature, 
which varied from 2 o °-2 i°  C.— an amply close range 
for the work. The solvent with an excess of the solute2 
was placed in a glass-stoppered flask of suitable size 
and occasionally agitated at room temperature until a 
saturated solution was obtained; the solution was then 
filtered as rapidly as possible into a covered tarred 
dish, and weighed; and finally it was evaporated at 
6o° C. and the residue weighed. Viscous solutions 
were filtered by forcing them through absorbent 
cotton by the aid of compressed air. In the case of 
volatile solids such as camphor, it was found that these 
could be examined most easily by weighing an amount 
of solvent in a small ground-glass-stoppered weighing 
flask and then adding small quantities of solute until 
saturation was reached; the weight of the solution 
obtained in this manner gave the weight of actual 
solute. The results obtained by the authors during 
the course of an investigation of the solvent action 
of carbon tetrachloride on various substances are given 
below.

ASPHALTS, BITUMENS, ETC.— This class of natural 
and artificial products includes many which 
differ from each other in a variety of reactions, based 
mainly, however, on their solubility or insolubility in 
various solvents. Carbon tetrachloride has been 
employed in connection therewith principally for 
analytical purposes.

Richardson and Forrest3 have called attention to 
the use of carbon tetrachloride as a solvent for differ
entiating between bitumens. Some of these are soluble 
in carbon disulphide and insoluble in carbon tetra
chloride, and the quantities of such “ carbenes” 4 
present give an indication of the weathering or exces
sive heating, or both, to which a natural asphalt has 
been subjected.

Gilsonite is almost completely soluble in carbon 
tetrachloride. It is the purest natural bitumen

1 T he carbon tetrachloride used in this investigation was generously 
supplied by  The Dow Chemical Company, of M idland, Mich.

2 All of the  sam ples of commercial products used in th e  work 'were 
obtained from  reliable concerns. The au thors are grateful for th e  as
sistance which was rendered by  a  num ber of houses in securing correct 
sam ples w ith  their tru e  designations, and are particu larly  appreciative 
of th e  following presentations:

G raded varieties of A rabic, Senegal, Ind ian  and T ragacanth  gums 
from T hurston  and Braidich.

Anim al and vegetable oils from  Mr. H enry  A. G ardner.
A very fine collection of com m ercial shellacs, also some n a tu ra l and  

artificial b itum ens from Jo h n  R . Anderson and  Company.
Vegetable and m ineral waxes from Mr. D . Steengrafe.
All grades of commercial rosin from A to  W W  from  George L. H am m ond 

and Company.
Cellulose n itra te  and  cellulose ace ta te  from  The A rlington Company.
The o ther sam ples used were purchased in th e  open m arket-
3 Loc. cit.
4 R ichardson, *‘The M odern A sphalt P avem ent,” 1st E d., p. 120.
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(99.5 per cent, pure) and absorbs carbon tetrachloride, 
being miscible in all proportions.

Grahamite, while an almost pure bitumen, is, unlike 
gilsonite, almost entirely insoluble in 62° naphtha and 
is 55-80.6 per cent, insoluble in carbon tetrachloride.1

Albertite is partly soluble in carbon tetrachloride.
Oil asphalt and Refined bitumens are from 99.0- 

99.9 per cent, soluble in carbon tetrachloride.
Andes3 states that Syrian asphalt and probably all 

others are soluble in carbon tetrachloride.
Other solid bitumens and their deportment with 

carbon tetrachloride are: Wurtzilite (elaterite, tab-
byite, aeonite, aegerite), slightly soluble; Wiedgerite 
(‘ ‘mineral liver” ), soluble; and Impsonite, partly solu
ble.3 Ozokerite is considered among the waxes.

CELLULOSE, ACETATES AND NITRATES.—Like  
chloroform carbon tetrachloride is a Pyroxylin  
nonsolvent; it dissolves camphor, but, unlike chloro
form, does not dissolve the cellulose acetates. The 
results of the determinations of the authors show that 
the cellulose nitrates (n .3 2  and 12.63 Per cent, nitro
gen) and cellulose acetates (three varieties), as well as 
Celluloid, are insoluble in carbon tetrachloride at 200 C.

It  may be noted here that the authors found that 
100 g. of carbon tetrachloride would dissolve 125 g. of 
camphor at 20° C.

RU BBER .— While carbon tetrachloride is a recog
nized solvent for rubber, no figures on its solubility can 
be determined with our present knowledge and methods. 
Like oils, waxes and fats, rubber will absorb or dissolve 
considerable quantities of carbon tetrachloride without 
assuming a liquid state. Furthermore, the amount 
of solvent necessary to produce a solution of definite 
viscosity varies with the same grade of rubber; for 
example, a rubber which has been masticated very 
much will form a more liquid solution than one which 
has not been worked in this way. The many grades of 
rubber which come into the markets all deport more or 
less differently, aside from the variations in each grade 
due to mechanical treatm ent; and besides, the moisture 
content of two samples masticated to the same extent, 
but dried differently, will also affect the character of 
the solution.

In the experiments conducted by the authors, the 
following grades of rubber were tried: Up-river pure 
para, guayule, pale Ceylon crcp, dark Ceylon crep, 
equateur, and pontianac. It  was found that 25 g. of 
the better grades (all except guayule and pontianac) 
would easily dissolve 200 g. of carbon tetrachloride, 
and much more carbon tetrachloride was necessary 
to obtain a flowing solution. It  may be noted here 
that, according to Woudstra,4 caoutchouc is a true colloid 
and the viscosity of its solutions decreases with standing.

The use of carbon tetrachloride in the purification 
of caoutchouc hasbeen claimed in French Patent 404,307, 
June 22, 1909, of the General Caoutchouc Co., Ltd.*

1 Richardson, Ibid.
2 Loc. cit.
3 See “ M ineral Resources of th e  U nited S ta te s ,'’ 1910, ii, 836.
4 Z . Chem. Ind . Kolloide, 5, 31 (1909).
5 The process is for th e  purification of a caoutchouc b y  rendering  it 

viscous w ith carbon disulphide o r carbon tetrachloride, then  treating  
w ith a  solvent which will e x trac t resin, b u t which will no t dissolve caou t
chouc.

ALCOHOL GUMS.— Of the gums of this class, 
mastic, sandarac, and sed accroides were tried. 
Accroides showed no solubility in carbon tetrachloride.

Sandarac was found by Coffignier1 to be 77-79 per 
cent, insoluble in carbon tetrachloride, while Andes3 
reported that it was insoluble, but, like yellow ac
croides and mastic, dissolved on adding small amounts 
of alcohol or turpentine. The authors found that 
sandarac is partly soluble in carbon tetrachloride, 
although no attempt was made to ascertain the pro
portion. Boiling a small amount of sandarac with a 
large excess of carbon tetrachloride did not effect 
complete solution; but the soluble' portion yielded, 
on evaporation, a light yellow resinous mass, clear and 
brittle.

Notwithstanding the findings of Andes, experiments 
showed that mastic dissolves completely in carbon 
tetrachloride at 200 C., forming a light yellow, very 
viscous solution. However, a true solubility can 
hardly be spoken of, owing to mutual solubility. 
Filtration was effected through cotton with com
pressed air; and on evaporating the viscous solution 
at 600 C., no constant weight was obtained even after 
300 hours: decomposition had set in, although mastic 
alone is unaffected under the same conditions.

COPAL GUMS.— Margosches3 has stated that 
melted Zanzibar Copal, and probably all other melted 
copals, are soluble in carbon tetrachloride. Andes4 
reported that hard Manila copal is insoluble, swells in 
the solvent when in a fine powder, but is completely 
soluble upon the addition of a small amount of alco
hol or turpentine.

The authors find that the natural copals act differ
ently according to their origin, but that they are all 
partly soluble at 200 C .; heating does not assist solu
tion, the gums partly melting and decomposing even 
before all the carbon tetrachloride is expelled. In 
the experiments made, the ground copals were agitated 
with carbon tetrachloride.

Zanzibar copal is slightly soluble in carbon tetra
chloride and the insoluble portion has a very slight 
tendency to gum together (swelling).

The M anila copals exhibit this gumming or swelling 
to a marked degree, all the fine particles adhering and 
forming a soft film on the solution, which film may be 
pulled, although it possesses no elasticity; i. e., it does 
not return to its original shape as happens with rubber.

The Congo copals deport similarly to Manila copal, 
while Pontianac copal has much similarity to Zanzibar 
copal.

Sierra Leona copal swells up and gums much more 
than the above mentioned, and is partly soluble.

Brazilian copal is partly soluble without gumming, 
while Brazil gum copal in small fragments swells in 
the solvent.

DAMAR GUM.— This gum is completely soluble in 
carbon tetrachloride, giving a turbid solution which 
clears up on adding 95 per cent, alcohol or on warming.

‘ Bull. soc. chim.. 27, 549 (1902).
2 Loc. cit.
3 “ Der TetrachlorkohlenstofT,” Vol. 10, Sam  mixing Chent. u. Che Hi- 

tech. Vortraege, 1905, p. 99.
* Loc. cit.
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The solution filters easily. On evaporating the sol
vent at 600 C., some decomposition seems to occur, 
as shown by a darkening of the gum. Evaporation 
to constant weight showed that 100 g. of carbon tetra
chloride dissolve 7.13 g. Batavia damar at 200 C.

KA URI GUM.— Several samples, ranging in quality 
from the finest to the most ordinary Kauri gum, were 
powdered and then treated with carbon tetrachloride. 
After standing, with occasional agitation, for several 
days, it was found that the gum was attacked to a 
certain extent, although not uniformly. Coffignier1 
has made an extensive study of Kauri gum. He 
found that brown hard Kauri gum gave a yellow 
solution and dark brown residue; that bush Kauri gum 
swelled and left a dark brown residue; and that bush- 
gathered gum afforded a pale yellow carbon tetra
chloride solution and a dark brown residue. His 
results are, while interesting, of doubtful value; for 
the raw material is of variable character, probably 
between wide limits, and the components have yet to 
receive careful study. Some of these components 
deport differently from others, and although two 
samples of gum may have the same trade grading, 
yet their chemical and physical reactions may differ 
widely.

WATER GUMS.— Samples of different grades of 
aleppo, Turkey and Persian gum tragacantli, Indian 
gum, gum Senegal, and gum arabic were treated with 
carbon tetrachloride. After standing for several days, 
with agitation, 50-70 g. of the solution were filtered 
and evaporated. The residue in all cases amounted 
to but a trace; consequently, this class of gum shows 
practically no solubility in carbon tetrachloride. 
After treatment with carbon tetrachloride, the gums 
did not exhibit any apparent physical change.

SHELLAC.— Andes1 reported that shellac is in
soluble in carbon tetrachloride, but that it is soluble 
in a mixture of 70 g. carbon tetrachloride and 30 g. 
25 per cent, alcohol. Experiments by the authors on 
four samples— Superfine Quality, T N  Quality Native 
Shellac, A. C. Garnet Shellac, and Refuse Lac—confirm 
the work of Andes.

The authors found that the superfine gave a negligi
ble extract residue; that the TN  native gave 0.2 per 
cent, residue from the solution, this residue being 
slightly turbid and brittle; that the -4 . C. garnet gave 
0.2 per cent, residue, this consisting of a transparent 
non-brittle wax-like substance; and that refuse lac 
gave 0.2 per cent, residue also, this being very similar 
to shellac wax.

ROSIN.— Rosin of four different commercial grades 
was treated with carbon tetrachloride, and apparently 
a  true solution resulted. This solution was difficult 
to handle, being exceedingly viscous; to remove 
undissolved rosin and grit, the solution was forced with 
compressed air through absorbent cotton into a tared 
dish. Evaporation, made at 6o° C.. was very slow.

Even after heating for over 350 hours at 600 C., the 
filtered solutions did not attain a constant weight; a 
blank showed only very slight losses under the same

1 hoc. cit.

conditions. Other experiments seemed to show that 
not only does rosin dissolve in carbon tetrachloride, 
but that carbon tetrachloride also dissolves in rosin; 
furthermore, that a small amount of carbon tetrachlo
ride with rosin gives a solid solution. Under such 
conditions, it is, of course, impossible to supply exact 
data as to the actual amount of rosin soluble in carbon 
tetrachloride.

The experimental results of the authors seem to 
indicate that the depth of color of a carbon tetra
chloride solution of rosin may be employed to fix the 
grade of the sample.

PINE OIL.— Crude pine oil was found to mix in all 
proportions with carbon tetrachloride with, however, 
the formation of a white precipitate. Very small 
amounts of carbon tetrachloride were found to give 
no visible precipitate, and it was found that the pro
duction of a turbidity or white precipitate was due to 
the presence of water in the pine oil.

Fractional distillation products, refined and decol
orized, were also available; these were: i5 6 °-i6 5 ° . 
i6 5 °-i7 7 ° , and i7 7 ° - i9 5 °C . None showed any 
precipitate with carbon tetrach'oride and all mixed 
perfectly in all proportions.

IIM.V£S.— The following waxes were treated with 
carbon tetrachloride: flora carnauba wax and No. 3 
ceara carnauba wax, Japan wax, pure ozokerite, 
candellila wax, montan wax, yellow Cuban beeswax, 
bayberry wax, shellac wax (m. p. 750 C.), paraf
fin wax refined (m. p. 120° C.).

All of these absorb carbon tetrachloride at 200 C. ; 
and, according to the amount of this solvent used, the 
resulting mass will be more or less solid or semi-fluid.

Ozokerite shows this most plainly, forming a homo
geneous product in all proportions with carbon tetra
chloride.

The carnauba waxes appear to be a distinct mixture 
of substances of different properties. The addition 
of a small amount of carbon tetrachloride softens the 
whole mass and further additions will finally give two 
layers on standing, the upper layer carrying the in
soluble portion of the wax as a bulky flocculent mass, 
while the lower is very fluid.

Beeswax acts like carnauba wax, except that a 
liquid portion can be separated from the semi-solid 
residue without having it all suspended in the solution. 
It is interesting to note that the liquid portion carries 
the coloring matter, while the residuum is nearly 
white. Upon melting the latter on water, a product 
is obtained which hardly differs from the original 
wax, except that the color is gone, also some of the 
characteristic odor, and the product may be slightly 
harder.

Japan wax absorbs carbon tetrachloride more 
readily than the others above mentioned, forming at 
first a turbid semi-fluid mass. Upon the addition of 
more carbon tetrachloride, the fluidity increases, and 
finally a perfectly clear solution is obtained, although 
this point can not be sharply defined since the colorless 
particles in suspension which form the turbidity can
not be seen when the point of complete solution is 
approached. A portion of the turbid solution was
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filtered and evaporated, and the solubility figures 
31.0  g. in 100 g. of carbon tetrachloride at 20 0 C. were 
obtained.

Montan wax acts similarly to camauba wax, and 
the suspended wax is so sticky that it will totally 
obstruct any filter almost immediately. The addition 
of,more solvent to permit of filtration would introduce 
the question as to whether the solution would then be 
saturated, and no practical method of determining 
this is known to the authors. The addition of a large 
cxcess of solvent leaves two layers on standing—a tur
bid solution below and the insoluble portion of the wax.
T ab l e  I .— T h e  S o lubility  of  Var io u s  I norganic  S u b sta n c es  in  Carbon

T etrach loride .
Solubility
in 100 g. Tem pera- 

Substance. solvent. ture. A uthority .
Chlorine1.........................  10.5 0° Dow Chemical Co.
C hlorine.........................  7 .4  15° Dow Chemical Co.
C hlorine......................... 5 .56  25° Dow Chemical Co.
C hlorine.........................  3 .02  40° Dow Chemical Co.
C hlorine............................ 1.17 55° Dow Chemical Co.
C hlorine......................... 0.81 65° Dow Chemical Co.
Iod ine ................................ 3.033 25° Jakow kin, Z . phys. Chem.,

18, 590 (1895).
S u lphu r............................. 0.717 20° The authors.
Mercuric chloride  0 .002 18°-20° Sulc, Z. atiorg. Chem., 25,

401.
Mercuric iodide  0 .006 18°-20° Sulc, Ibid.

0.094 75°, b. p.
Mercuric cyan ide  0.001 18°-20° Sulc, Ibid.
Stannic iodide 100 g. sol. (density  1.59) M cDerm ott, J .  A m . Chem.

a t  2 2 .4 °c o n ta in 5.25 g. Soc.. 33, 1963 (1911).
S tannic iodide.............  100 g. sol. (density 1.63) M cDermott, Ibid.

a t 50° contain  8.21 g.
1 The use of a solution of chlorine in carbon te trachloride  in analy tical 

chem istry  is being investigated in this labo ra to ry  by  Dr. L. J. C urtm an.

It would seem that montan wax is undoubtedly a mix
ture of several components which differ materially from 
each other in their properties.

Candelilla wax.— What has just been said of montan 
wax applies equally well to candelilla wax.

All the above-mentioned waxes dissolve completely 
and easily in carbon tetrachloride at or near its boiling 
point, although the solutions may show a slight tur
bidity depending upon the amount of solvent present. 
A very small amount of carbon tetrachloride intro
duced into the melted wax dissolves completely. 
Accordingly, it may be said that waxes are partially
T a ble  II .— T h e  So lubility  of N a p h th a lene  in  Carbon  T etra ch lo r ide . 

Solubility  in Tem pera-
100 g. solvent. tu re . A uthority .

9 .0  0° Schroeder, Z . phys. Chem., 11, 457 (1893).
14.0 10° Schroeder. Ibid.
20.0  20 °

2 3 .0  25°
26 .5  30°
3 5 .5  40°
4 7 .5  50°
62.5  60° “
80 .8  70°

soluble in cold carbon tetrachloride, completely soluble 
at or near the boiling point, and that the melted wax 
mixes in all proportions with carbon tetrachloride.

Fats, Tallow, etc.—  The rendered animal fats, 
tallow, etc., are soluble in all proportions in carbon 
tetrachloride, and on melting yield clear solutions. 
According to the proportion of fat to solvent, the 
mixture may be from an opaque solid to a clear liquid 
in the cold (i. e., at 20° C.).

Butter is heterogeneous and only partially soluble,

the fatty components being taken up by the carbon 
tetrachloride. In the presence of water, on heating, 
an emulsion is formed which, on standing, separates 
into three layers, namely, the water-extract above, 
the carbon tetrachloride below, and very likely the 
casein between, since casein is insoluble in either.

Fatty Oils. — The solubility of the following 
oils was determined: menhaden, whale, linseed (raw 
and boiled), corn, untreated Chinese wood, soya, and 
cottonseed. It was found that all of these are miscible 
in all proportions with carbon tetrachloride.
T ab l e  I I I .— T h e  So lubility  of  Car bo n  T etrachloride  in  W a t e r .
Solubility  in Tem pera-
100 g. w ater. tu re . A uthority .

0.097 0° R ex, Z . phys. Chem., 55, 355 (1906).
0.083 10° "  Ibid.
0.080 20°
0.085 30°

In order to determine the value of carbon tetra
chloride as an extracting solvent, 10 g. of each oil, 
with the exception of cottonseed, were mixed with 
25 cc. of carbon tetrachloride and then evaporated at 
6o° C., a blank with 10 g. of each oil being heated at 
the same temperature for the same length of time. 
The period of heating varied from ¡ l/ t hours to 10 
hours, depending upon the rapidity with which the 
solvent evaporated. The following results w;ere obtained: 

Menhaden oil, after six hours heating, gained less
T able  IV .— T h e  So lubility  of  V ar io u s  Medic in a l  P repa r a tio n s  in

Carbon T etrachloride.
Solubility in Tcm pera- 

Substance. 100 g. solvent. tu re . A uthority .
Aconitine (am orphous) 1.99 18°-22° Mueller, Apoth.-Ztg., 18, 2

(1907),
B rucine............................  0 .078 . . . MUeller, Ibid., 232.
B rucine...............................  1.937 17° Schindelmciser, Loc. cii.
A trop ine .............................  1.136 17° Schindelmciser, Loc. cit.
Caffein.........................  0 .089 18° Goeckel, J .  Chem. Soc., 74,
Caffein................................. 0.702 Boiling 327 (1898).
Chininc, h y d ra te   0.203 . . .  Mueller, Loc. cit.
Chinine, a n h y d ro u s ... . 0.529 . . .  P run ier, J .  Pharm. Chim.,

[4] 29, 136.
C hinidinc.........................  0.565
Cinchonin........................... 0.0361
Cinchonidin....................  0.0508
Cocaine............................  18.503 . . .  Schindelmeiser, Loc. cit.
Codein..............................  1 .328 . .  . Schindelmeiser. Loc. cit.
H y d rastin e   0.123 . . .  Mueller, Apoth.-Ztg., 18, 249.
H yoscyam ine.................  0 .059 . . .  Mueller, Ibid.
M orphine......................... 0 .0156 18°-22° M ueller. Idem ., 257.

0.032 17° Schindelmeiser, Loc. cit.
N arcein.................  . . . .  0.011 17° Schindelmciser, Loc. cit.
P apaverine ...................... 0.203 17° Schindelmeiser, Loc. cit.
Strychn ine  ...........  0 .158 20° Mueller, Loc. cit.

0.645 17° Schindelmeiser, Loc. cit.
Theobrom ine.................. 0.0212 . . .  Goeckel, Chem. Ceiitr., 1897,

ii, 401.

than 1 per cent. The appearance of the oil was npt
noticeably altered, although the odor appeared to be 
stronger than in the original sample.

Linseed oil, boiled, gained 1.25 per cent, after 5 
hours and 40 minutes.

Linseed oil, raw, gained 1 per cent, after 5 hours and 
20 minutes.

These oils skinned slightly during the period of 
heating, and it is probable that the solvent may be 
removed only under reduced pressure and at a low 
temperature so as to leave the oil unchanged.

Chinese wood oil.— In 5 hours and 15 minutes the 
sample to which carbon tetrachloride has been added
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skinned over to a considerable extent and gained 
2.30 per cent. The blank showed only light skinning 
and an increase of but 0.27 per cent.

Whale oil gained 0.6 per cent, in 6 hours. The 
appearance and odor were not changed

Corn oil.— Eight hours heating was necessary in 
order to obtain a constant weight; a very small loss 
(0.04 per cent.) resulted, due possibly to the presence 
of water in the sample. There was no apparent 
change in either odor or appearance.

Soya oil.—After 7 hours the sample to which cai'bon 
tetrachloride had been added showed an increase of
0.5 per cent., while there was no gain in the blank. 
After heating for 3 '/ , hours longer, the mixed sample 
had gained 1 per cent, and the blank 0.3 per cent. 
It therefore appears that Soya oil will stand heating 
for some time before giving any indications of oxidation. 
Heating somewhat intensified the odor.

D epartm ent  of  Chem istry ,
Co llege  of  th e  City  of N ew  Y o rk .

ON TH E SU RFACE TENSION OF SILICATE AND BOROSILI- 
CATE GLASSES.

B y  E dw in  W ard T illo tson , J r .
Received Ju ly  1, 1912.

In a former paper1 from this laboratory, a simple 
and convenient method was described for measuring 
the surface tension of molten glasses. This method 
consisted, briefly, in the determination of the relation 
between the weight of the drops falling from glass 
fibers of known diameter, which were lowered vertically 
into the carefully regulated flame of a blast lamp. 
It was found that the weight of the drop was within 
limits a parabolic function of the diameter of the fiber 
and to be expressed by the following equation:

W =  aD 4 - /?D3 
when W is the weight of the drop, D the diameter of 
the fiber, a  a factor proportional to the surface tension 
and, p a factor dependent on the cohesion of the mol
ten glass. This factor p seemed to be nearly con
stant for a considerable number of borate glasses, 
although it varied widely for some of the silicates.

The present paper is a record of surface tension 
determinations made on some sodium silicates, soda 
lime and soda-barium glasses, and also soda barium 
glasses containing boric oxide. For these measure
ments about ten fibers were drawn from each glass, 
varying roughly from 0.10-1.00  mm. in diameter, the 
drops formed in the manner previously described, and 
weighed. In every glass examined the parabolic 
relation of the diameter of fiber to weight of drop was 
observed and it was found th*it this was satisfied by a 
value of 15 for p in all of the glasses. This value for 
p is not an exact one, nor can it be accurately calcu
lated from so few measurements. There are many 
causes which contribute to variations in the weight of 
individual drops. Inhomogeneity of the glass, errors 
in measurement of the diameter of the fiber, momen
tary changes in the condition of the flame—all may effect 
the weight of the drop. It  is therefore necessary to 
make many measurements on the same glass in order 
to fix the exact value of p. But since for these glasses

1 T i l lo ts o n ,  T j i ; s  JpyjHtfAL, 3, 631 (1911).

a difference of one unit in P produces a variation in 
the surface tension of only 2 dynes and since this is 
small in comparison to that introduced by variations 
of individual drops, the value 15 was adopted for P in 
all of these glasses That this procedure was justified 
is shown by the fact that the values for a  were neither 
progressively higher nor lower as the diameter of the 
fibers increased.

Taiile I.— Sodium  S ilicate  G lasses .

T  *=» dynes per cm.

P er cent. Per cent. Obs. Calc.
49.3 50.7 142 - 145
59.2 40 .8 142 142
66.4 33 .6 136 139
73.1 26.9 133 137
74.5 25.5 138 137
77.5 22.5 138 137
77.3 22.7 137 136

T able II.-—Soda-Barium G lasses.
T — dynes per cm.

SÍO2. BaO. N a20 .
P er cent. P er cent. P er cent. Obs. Calc.

70.10 6.50 23.40 144 140
66.15 13.00 20.85 145 144
61.70 19.80 18.50 150 148
57.30 26.57 16.13 164 151
53.00 33.60 13.40 153 155
48.37 40.70 10 .88 155 159
71.70 5.65 22.65 138 140
67.60 12.55 19.85 143 143
64.55 18.45 17.00 151 146
61.36 24.17 14.47 150 149 •
58.30 29.70 1 2 .0 0 148 152

T able  I I I .—Soda L im e  Glasses.
T  ■■ dynes per cm.

S i0 2. CaO. NazO.
P er cent. Per cent. Per cent. Obs. Calc.

73.60 2 .50 23.90 137 141
72.32 5 .18 22.50 152 146
70.85 8.25 20.90 146 151
69.30 11.70 19.00 158 158
67.40 15.60 17.00 166 165
65.20 20 .2 0 14.60 172 173

T able IV.
' T  “  dynes per cm.

S i0 2- B2O3. BaO. NagO.
Per cent. Per cent. Per cent. P er cent. Obs. Calc.

63.94 3.88 15.78 16.40 145 142
52.76 6.42 26.90  13.92 142 146
45.70 8 . 1 0 34 .50  11.70 145 148
36.45 1 0 6 2 44.75 9 .18 153 .153
31.77 11.64 48 .40  8.. 37 159 154
24.40 13.26 55.80 6 .54 155 157

The glasses studied consisted of seven sodium 
silicates, eleven soda-barium glasses and six soda-lime 
glasses When the results of these measurements 
were plotted in a system in which the composition of 
the glass was represented by the abscissas and the 
surface tension by the ordinates, it was observed that 
the surface tension was roughly a linear function of 
the composition. It was therefore possible to compute 
the surface tension which each oxide showed in its 
combination in the glass, and with these factors to 
calculate the surface tension for the several glasses 
with the aid of the following formula:

T =  atp i +  a,p, -1- a,p„  etc., 
in which T is the surface tension of the glass, at, a2, a3, 
etc., are the surface tensions of the several oxides and 
Pi- Pt- Pi• etc are the percentages of the respective 
oxides in the glass. The figures given in the tables
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under “ calculated”  are the values of the surface tension
obtained in this way, using the following factors:

SiOi 129 
IÎ2O3 45
n a o  195 
CaO 323 

'  NajO 160

In Table I are shown the results of measurements 
on sodium silicates. The first two columns show the 
composition of the glass; column three shows the ob
served and column four the calculated surface tension.

Table II shows the ‘data obtained with the soda- 
barium glasses, and Table I I I  that for the soda-lime 
glasses. In both of these tables the first three columns 
give the composition of the glasses and the last two 
columns give respectively the observed and calculated 
value of the surface tension. In Table IV  are shown 
some soda barium glasses containing boric oxide. 
This series of glasses is especially interesting since it 
permitted a very wide range in the proportions of the 
several oxides and offered a severe test for the validity 
of the additive nature of surface tension.

In the measurements, in the tables given above, it 
is found that the observed and calculated surface 
tensions differ, for the most part, by not more than 
two or three per cent. This is not surprising since 
thesurface tensionsof liquids are, as a rule, very sensitive 
to the presence of small amounts of impurities. The 
glasses doubtless contain aluminum silicates and 
other impurities taken up from the crucible, which 
may perhaps affect the surface tension quite out of 
proportion to the amount present. The experimental 
error is not large when ten or more fibers are employed, 
as shown by the following measurements which were 
repeated, unknown to the worker, after several other 
glasses had been investigated. No. 1 is the second of 
the alkali silicates, as given in Table I and No. 2 is 
the last one of the same table.

( a ) .  T.
1. 4 5 .4  141.6

45.1 140. S
2 . 4 3 .7  136.3

4 3 .S 136.6

On comparing the values of the surface tensions of 
the pure oxides, as calculated from that of the glasses, 
we find in general that the acid-forming oxides, SiO, 
and B 2O j, show lower surface tensions than the basic 
oxides. Placed in descending order they are as follows: 
CaO, 323; NaO, 195; Na O, 160; SiO,, 129; B ,03, 45.

' It  is interesting to note that this surface tension of 
B ,0 , is the same as that obtained by direct measure
ment on the fused boric oxide, and a little over one-half 
of that given by Quincke1 (84.5). Inasmuch as the 
surface tensions of the lead borates previously de
scribed2 do not show any regular relationship, this 
coincidence in the two values of the surface tension 
of boric oxide probably has little significance.

In conclusion, the writer desires to acknowledge his 
indebtedness to Mr. J .  D. Malcolmson for his generous 
assistance in these measurements.

SU M M A RY .

1. The surface tension of a number of soda-lime,
' Quincke. Pogg. A n n ., 138, 141 (1869).
<f Tillotson. Lee. cit.

soda-barium silicate glasses and of some soda-barium 
borosilicate glasses has been measured.

2. The surface tension of glasses is roughly a linear 
function of their composition.

3. The surface tension of silicate and borosilicate 
glass may be calculated with a fair degree of accuracy 
from the chemical composition, using the following 
values for the surface tension of the oxides: Si0 2, 129; 
B ,0 ,,, 45 : BaO, 195 ; CaO, 323 ; N a20 , 160.

D epartm ent  of  I nd ustr ial  R esea rch ,
U n iv er sity  of K a n sa s ,

La w r e n c e .

TH E DETECTION AND DETERMINATION OF CYANOGEN AND 
HYDROGEN CYANIDE.

R y  F. H . R h o d es .

Received June  6, 1912.

The usual method for the detection and determina
tion of cyanogen and hydrogen cyanide in the presence 
of each other is based upon the difference in the prod
ucts of the reaction of cyanogen and of hydrogen 
cyanide with a solution of potassium hydroxide. 
When passed into a solution of potassium hydroxide, 
hydrogen cyanide is quantitatively converted into 
potassium cyanide, whereas cyanogen forms equi- 
molecular amounts of potassium cyanide and potassium 
cyanate.

The usual method for the detection of cyanogen in 
the presence of hydrogen cyanide consists in absorbing 
the gases in a solution of potassium hydroxide and 
testing for potassium cyanate Potass um cyanate 
may be detected by acidifying the solution, heating 
to hydrolyze the cyanic acid liberated by this acidifica
tion, and testing for the ammonia formed by this 
hydrolysis.

The customary method for the determination of 
cyanogen in the presence of hydrogen cyanide is based 
upon the same reactions as the qualitative method 
just described. The gases are absorbed in a solution 
of potassium hydroxide, the potassium cyanate is 
decomposed by the addition of an excess of a strong 
acid, and the resulting ammonia is determined by the 
addition of an excess of alkali and distillation into 
standard acid. Both the qualitative and quantitative 
methods just described are tedious, and are liable to 
error because of the possibility of the formation of 
some ammonia by the simultaneous hydrolysis of 
some of the hydrocyanic acid liberated upon the acidi
fication of the solution containing potassium cyanide.

W allis1 states that when hydrogen cyanide is passed 
into an acidified solution of silver nitrate it reacts 
quantitatively with the silver nitrate to precipitate 
silver cyanide. He also states that cyanogen does 
not react with an acidified solution of silver nitrate, 
and that any cyanogen which dissolves as such in the 
reagent may be removed practically completely by
passing a current of air through the solution. Upon this 
difference of behavior of cyanogen and of hydrogen 
cyanide toward silver nitrate, Wallis based a method 
for the detection of cyanogen and of hydrogen cyanide 
when these gases are present together in a gas mixture, 
but he carried the work no further than to show the

1 W allis, A «n . Chem.t 345, 353 (1906).
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applicability of this method to the qualitative exami
nation of a few special gas mixtures.

The present investigation was taken up to determine 
the applicability of the difference of behavior of cyano
gen and hydrogen cyanide toward an acidified solution 
of silver nitrate to general qualitative gas analysis, 
and to ascertain whether this method could be used for 
the quantitative determination of cyanogen and 
hydrogen cyanide in the. presence of each other.

The behavior of cyanogen when passed into a slightly 
acid solution of silver nitrate was first studied. Cyano
gen was prepared by heating about two grams of 
mercuric cyanide in a hard glass tube. To one end of 
this tube was connected a series of four test tubes with 
side arm. In each of the first three of these absorption 
tubes was placed 5 cc. of a standard solution of silver 
nitrate and one drop of dilute nitric acid; in the fourth 
tube was placed 10 cc. of a 2 iV solution of potassium 
hydroxide. A  slow current of air was passed through 
the apparatus and the tube containing the mercuric 
cyanide was heated to dull redness, the heating being 
continued until the mercuric cyanide was completely 
decomposed, ih e  current of air was continued for 
about twenty minutes after the decomposition of the 
mercuric cyanide.

A  slight white precipitate was formed in the first 
absorption tube, but no precipitate appeared in any of 
the other tubes. The fourth absorption tube was 
disconnected and a portion of the solution contained 
in it was treated with 10 cc. of a solution of ferrous 
sulphate and one drop of a solution of ferric chloride. 
After being allowed to stand for about five minutes, 
the solution was made slightly acid with sulphuric acid. 
A heavy blue precipitate indicated the presence of 
cyanide in the solution of potassium hydroxide. 
Another portion of the solution from the fourth ab
sorption tube was made acid and heated for a few 
minutes to hydrolyze any cyanic acid present. The 
resulting solution was made alkaline with a considera
ble excess of potassium hydroxide and warmed. Am 
monia was copiously evolved, thus proving the pres
ence of a considerable amount of cyanate. This 
experiment demonstrated that cynaogen will readily 
pass through an acidified solution of silver nitrate.

To ascertain whether appreciable amounts of cyano
gen are absorbed by the solution of silver nitrate, the 
second absorption tube was removed from the ap
paratus, and the solution of silver nitrate contained 
in it was filtered. After thoroughly washing the filter 
paper with very dilute nitric acid, the combined 
filtrate and wash water was titrated with a standard 
solution of potassium sulphocyanate, with 5 cc. of a 
saturated solution of ferric ammonium alum as an 
indicator. The results,

5 cc. original so lution of AgNOa ■* 3.91 cc. KCNS,
Solution  from tube 2 — 3.92 cc. KCNS,

showed that cyanogen is not absorbed by a solution of 
silver nitrate that contains a slight amount of free 
nitric acid.

To learn whether any cyanogen is held back by the 
solution of silver nitrate and is not removed by a cur
rent of air, the third absorption tube was discon

nected and the solution of silver nitrate that it con
tained transferred to a small beaker. To the solution 
was added an amount of a 2 N  solution of potassium 
hydroxide (chloride-free) slightly in excess of that re
quired to precipitate all of the silver. After standing 
for about three minutes, the solution was made slightly 
acid, filtered, and the filter paper thoroughly washed 
with dilute nitric acid. The comb ned filtrate and 
Wash-water was titrated with a standard solution of 
potassium sulphocyanate. The results were as follows:

5 cc. original solution =  3.91 cc. KCNS solution
Solution from tube 3 *= 3.91 cc. KCNS solution

If any cyanogen had dissolved as such in the solution 
of silver nitrate and had not been removed by the 
passage of the current of air through the solution, it 
would have reacted with the potassium hydroxide to 
form potassium cyanate and potassium cyanide, and 
the latter substance would have reacted with the silver 
nitrate to form insoluble si ver cyanide. The fact 
that the amount of silver in solution was unchanged 
by the passage of a considerable amount of cyanogen 
through the reagent proves that any cyanogen that 
may dissolve as such in the si ghtly acidified solution 
of silver nitrate may be completely removed by the 
passage of a current of air through the liquid.

The slight precipitate obtained in the first absorpt on 
tube was due to the fact that the gas generated by the 
heating of the mercuric cyanide was not pure cyanogen, 
but contained small amounts of hydrogen cyanide. 
That this precipitate was not due to cyanogen is 
shown by the fact that there was no precipitate in 
either of the other absorption tubes containing acidified 
solutions of silver nitrate.

The completeness and rapidity of the absorption of 
hydrogen cyanide by a slightly acid solution of silver 
nitrate was next investigated. The hydrogen cyanide 
was generated by the action of an excess of dilute 
sulphuric acid upon 0.2452 gram of 96.15 per cent, 
potassium cyanide, and was passed through a series 
of four absorption tubes. In each of the first three 
of the absorption tubes was placed 15 cc. of an ap
proximately N / 10 solution of silver nitrate acidified 
with one drop of dilute nitric acid, while the fourth 
absorption tube contained 10 cc. of a N ¡2  solution of 
potassium hydroxide. After the cbmplete decompo
sition of the potassium cyanide by the acid, a current 
of air was passed through the apparatus to sweep out 
any hydrogen cyanide remaining in the tubes. A 
precipitate appeared n each of the tubes containing 
silver nitrate. As far as could be judged from the 
volume of the precipitate, the precipitation of the 
silver in the first tube was almost complete before any 
precipitate appeared in the second tube. . The pre
cipitation in the third tube was slight, and did not 
begin until the precipitation in the second tube was 
almost complete. The' fourth absorption tube was 
disconnected and the solution contained in it tested 
for cyanides by adding 10 cc. of a solution of ferrous 
sulphate and one drop of a solution of ferric chloride, 
allowing the so ution and precipitate to stand for 
fifteen minutes, and then adding a slight excess of 
sulphuric acid. There was produced no blue pre
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cipitate or green color which showed that hydrogen 
cyanide is rapidly and quantitatively absorbed by a 
slightly acid solution of silver nitrate.

Upon the basis of the foregoing observations the 
following me hod for the detection of cyanogen in 
the presence of hydrogen cyanide was developed:

Two absorption tubes of the form already mentioned, 
the first containing 10 cc. of a 10 per cent, solution of 
silver nitrate, and one drop of dilute (N /6) nitric acid, 
and the second 10 cc. of a N /2  solution of potassium 
hydroxide, are connected in series and the gas mixture 
is passed through these tubes. This is followed by a 
slow current of air, the passage of which is continued 
for about 10 minutes. The absorption tube containing 
the solution of potassium hydroxide is then discon
nected, and 5 cc. of a solution of ferrous sulphate and 
one drop of a solution of ferric chloride are added to 
the contents of the tube. After about 15 minutes 
there is added dilute sulphuric acid sufficient to dis
solve the precipitated ferrous and ferric hydroxides. 
The appearance of a blue precipitate or of a distinct 
green color in the solution after acidification proves 
the presence of cyanogen in the original gas mixture.

The delicacy of this method was ascertained by pass
ing known amounts of cyanogen gas through the 
absorbent. Since the cyanogen that is generated by 
heating mercuric cyanide was found to contain con
siderable amounts of hydrogen cyanide, the gas used 
in this test was generated by the action of a warm 
concentrated solution of cupric sulphate upon potas
sium cyanide. The cyanogen was collected in small 
glass tubes that were closed at each end with a stop
cock. The volume of each of these small containers 
was previously determined by filling the tubes and the 
bore of the stopcocks with mercury’ , and then weighing 
the mercury. Several of these collection tubes were 
filled with cyanogen by connecting them in series and 
passing through them a current of cyanogen gas freed 
from hydrogen cyanide by passage through a slightly 
acid solution of silver nitrate, and dried by passage 
through a U-tube containing calcium chloride. The 
current of cyanogen through the tube was continued 
until the gas issuing from the last tube was completely 
absorbed by a solution of potassium hydroxide which 
showed that all air in the apparatus had been displaced. 
The stopcocks of the tubes were then closed, the tubes 
disconnected and any cyanogen remaining in the open 
end of the tubes blown out with air.

The delicacy of the test for cyanogen was then 
ascertained by connecting one of the above sample 
tubes with the absorption tubes containing solutions 
of silver nitrate and potassium hydroxide, and passing 
the gas through these tubes in the manner above 
described. The results of these qualitative tests were 
as follows:

Vo lum e  o f  c y ano g en , Cc. Color d ev elo ped .

10 Blue precipitate
5 B lue precipitate
1 B lue precip ita te
0 .4  Green color
0 .3  F a in t green color
0 .2  ' V ery fa in t green color

From the above data it appears that as small an

amount as 0.3 cc. of cyanogen may be detected in this 
manner. That the presence of hydrogen cyanide in 
the gas does not interfere with the delicacy of this 
method was demonstrated by passing through the 
absorbents a mixture of 0.4 cc. of cyanogen and 10 cc. 
of hydrogen cyanide and obtaining a distinct reaction 
for cyanogen under these conditions.

Since potassium cyanide is hydrolyzed to a con
siderable degree in aqueous solution with the formation 
of hydrocyanic acid, it was thought possible that the 
passage of a large volume of air through the apparatus 
might carry with it some of the hydrogen cyanide and 
thus decrease the delicacy of the test. It  was found, 
however, that this was not the case, o 4 cc. of cyanogen 
still yielding a distinct reaction when 20 liters of air 
was passed through the apparatus subsequent to the 
introduction of the cyanogen.

A small amount of carbon dioxide in the gas mixture 
under examination does not interfere with the test 
for cyanogen, but if an amount of gas containing 
carbon dioxide sufficient to convert all of the potassium 
hydroxide into potassium carbonate is passed through 
the reagent, naturally the reaction for cyanogen is 
then not obtained.

The presence of hydrogen cyanide in the original 
gas mixture is detected by collecting on a filter any 
precipitate that may have formed in the solution of 
silver nitrate in the first absorption tube, washing the 
precipitate with very dilute nitric acid, drying it, 
transferring it to a small sublimation tube, and warm
ing it with a small amount of iodine (five milligrams or 
less. The formation of a sublimate of cyanogen iodide 
on the side of the tube proves the presence of silver 
cyanide in the precipitate and consequently of hydro
gen cyanide in the original gas mixture: 0.1 mg. of 
silver cyanide, equivalent to 0.02 mg. of hydrogen 
cyanide, may be detected in this manner.

Experiments were next carried out to ascertain 
whether the difference in behavior of cyanogen and 
hydrogen cyanide toward a s'ightly acid solution of 
silver nitrate could successfully be utilized in the 
quantitative separation and determination of these 
two gases in the presence of each other. To this end 
a mixture of hydrogen cyanide and cyanogen was 
generated by the action of an acidified solution of 
copper sulphate upon potassium cyanide, and the gas 
mixture was collected in the tube containers described 
above. One of these containers was then connected 
in : eries with four absorption tubes, each of the first 
two of the tubes containing 5 cc. of a standardized 
(approximately N /10 )  solution of silver nitrate and 
one drop of dilute nitric acid. The third absorption 
tube contained 10 cc. of an approximately N /2 solution 
of potassium hydroxide free from chloride, and the 
last tube contained 5 cc. of this solution. The mixture 
of gases in the collection tube was driven through this 
absorption apparatus by a slow current of air which 
was continued for about 30 minutes. The first two 
absoiption tubes were then disconnected and the solu
tion of silver nitrate that they contained was trans
ferred into a beaker and filtered. The precipitate 
and filter paper were washed with very dilute nitric
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acid until free from soluble silver salts. The filtrate 
and wash water were then combined and titrated with 
a standardized solution of ammonium sulphocyanate 
(using ammonium-ferric alum as indicator) and the 
amount of hydrogen cyanidc present in the original 
gas mixture calculated from the volume of ammonium 
sulphocyanate used.

The contents of the third and fourth absorption tubes 
was transferred into a beaker and a known volume of a 
standardized solution of silver nitrate added. The 
silver nitrate must be in excess of the amount required 
to precipitate all of the potassium cyanide in the 
solution as silver cyanide. The solution and the sus
pended precipitate were then thoroughly stirred, and 
dilute nitric acid added until the precipitated silver 
oxide redissolved and the solution became slightly 
acid. The precipitate; of silver cyanide was now 
filtered off; precipitate and filter paper were washed 
with very dilute nitric acid until all soluble silver salts 
were removed, and the filtrate and wash water com
bined and titrated with a standardized solution of 
ammonium sulphocyanate using ammonium-ferric alum 
as indicator. The cyanogen present in the original 
gas mixture was then calculated, the reactions involved 
in the calculation being:

(CN)a +  2KOH =  IvCN + KCNO +  H,0 .
KCN +  AgNO, =  AgCN +  KNO,.
AgNO, +  KCNS =  AgCNS +  KNO,.
The results of some determinations of cyanogen and 

hydrogen cyanide are given in the following table, the 
analyses being expressed in terms of the ratio of hydro
gen cyanide to cyanogen by weight because by this 
means mistakes arising either from error in the deter
mination of the volume of the small containing tubes 
or from the presence of gases other than cyanogen or 
hydrogen cyanide in the gas mixture are eliminated.

M ixture No. 1.
Tube. W eight HCN. W eight (CN)2. Ratio.

1 O.OI77 0.009005 1.96 : 1
2 0.00586 0.00296 1.98 : 1

M ixture No. 2.
1 0.00134 0.0116 1 : 8.65
2 0.00044 0.0038 1 : 8.63

The results of the investigation may be summarized 
as follows:

x. Hydrogen cyanide is rapidly and quantitatively 
absorbed by a slightly acid solution of silver nitrate 
with the formation of silver cyanide.

2. Cyanogen is not absorbed by a slightly acid 
solution of silver nitrate and any cyanogen that may 
be dissolved as such in the solution is quantitatively 
removed when a current of air is passed through the 
liquid

3. Cyanogen may be detected in the presence of 
hydrogen cyanide even when the total volume of cyano
gen in the gas mixture is as small as 0.3 cc. The 
method is applicable to the detection of small amounts 
of cyanogen in the presence of hydrogen cyanide and 
large volumes of air.

4. Hydrogen cyanide and cyanogen may be deter
mined rapidly and accurately in the presence of each 
other.

I wish to express my indebtedness to Professor

Dennis for the assistance and encouragement that he
has given me in this work.

Co rnell  U n iv e r sit y .
I tiiaca , N. Y .

RAPID AND ACCURATE METHODS FOR DETERMINING 
PHENOL.

By I.. V. R edm an  an d  E. O. R hodes.

Received Ju ly  3, 1912.

In 1871 Landolt1 made the first successful attempt 
to determine phenol quantitatively by precipitation 
as tribromphenol, and since that time numerous at
tempts have been made to obtain an accurate and easy 
method of determining phenol each experimenter 
working under varying conditions to suit his particular 
purpose. As a result of these investigations, many 
methods have been submitted for which claims of 
more or less accuracy and rapidity have been asserted. 
The time of the reaction period in most cases is too 
long for rapid determination.

A method has been suggested by Lloyd3 in which 
he substitutes a hypobromite solution for Koppes- 
chaar’ŝ  bromide-bromate solution. In his paper he 
shows that the tribromphenol is formed almost in
stantaneously and quantitatively (and that the time 
of the reaction period is reduced practically to zero). 
This hypobromite method has been adversely criticized 
by Olivier,4 who in 1909 and 1910 published results 
which do not agree with Lloyd’s. He did not find as 
high a percentage of error when a large excess of 
hypobromite was added to the phenol as did Lloyd, 
and he doubts the accuracy of Lloyd’s numbers and 
methods. He shows also that the length of time re
quired for Koppeschaar’s method, using a bromide- 
bromate solution, may be reduced from one-half hour 
to nine minutes.

More recently, Wilkie3 has published a method for 
the rapid determination of phenol, in which he used 
iodine in cold sodium carbonate solution. The re
action period for this method is 5 -10  minutes. It  has 
the disadvantage of requiring that the iodine solution 
be restandardized each time a phenol determination 
is made.

A more complete bibliography on phenol determina
tion may be found in Lloyd’s2 paper of 1905 or Wilkie’s 
papers of 19 1 1- 19 12 . f r

Our object in undertaking this research was to 
shorten if possible the time required for a determina
tion of phenol by the bromide-bromate method and 
compare the hypobromite method with the bromide- 
bromate method for accuracy, ease of manipulation 
and time required for a determination.

Apparatus.—The apparatus used consisted of a 
shaking machine driven by a water motor, several 
five-liter bottles fitted with glass siphons, D. R. 
burettes and one-half liter ground stoppered bottles 
from the common stock in which the phenol determina
tions were made.

1 Brrkhle. i ,  770 (1871).
* / .  A m . Chem. Soc., 27, 16 (1905).
* 7.. A nn . Chem., 15, 233 (1876).
4 Rec. Trav. Chim., 28, 362 (1909).
5 J .  Soc. Chem. Ind., 30, 399 (1911).
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The shaking machine is a long, narrow and shallow 
wooden box 120 cm. X 9 cm. X 9 cm. inside measure
ments, lined on the inside with felt-covered pads. 
This box holds twelve one-half-liter bottles. The 
trough is fitted at one end with a grooved pulley two 
feet in diameter A t the center of this pulley and 
also at the center of the box on the end opposite the 
pulley are steel spindles which fit into the wooden 
bearings on the supporting frame. The frame is so 
constructed that this box may be removed and a 
larger or smaller box substituted. It  was possible 
to rotate the shaker four revolutions per second, but 
one revolution per second was sufficient.

When a determination was to be made, each of the 
solutions was run into a 500 cc. bottle. The stoppers 
were then placed in the bottles and while being pressed 
inward were given a short sharp twist. This twist 
brought the two ground glass surfaces together and 
made it impossible for any of the solution to leak out or 
for the stopper to be thrown out when revolved 
rapidly.

The bottle was inserted between the padded sides 
of the box. The pressure of the pads held the bottles 
in firmly. B y  this construction no clamps are needed 
to hold the stoppers in the bottles during the time of 
shaking and the bottles are held in the machine by the 
pressure of the felt pads, no straps or clamps of any 
kind being used. .This is an advantage, since, by 
eliminating all clamps, much time and labor, which 
are important factors when time determinations of 
small duration are being made, are saved.

In our invest-'gations we made a total of two hundred 
determinations for which the machine was used and 
in no case did we experience any trouble or lose a 
determination on account of bottles flying out or 
stoppers leaking.

A  photograph of the shaking machinc appears be
low.

Solutions Used.— The solutions used in the deter
minations were approximately 0.1 A7 solutions of 
sodium thiosulphate, potassium hypobromite. a 
mixture of sodium bromide and bromate and phenol, 
concentrated hydrochloric acid (sp. gr. 1.2), a 20 per 
cent, potassium iodide solution and a starch solution 
used as an indicator.

The thiosulphate solution was prepared by dis
solving 125 grams of sodium thiosulphate 
(NajSjOj-sH.O) in five liters of water; 40 grams of

liquid bromine dissolved in five liters of ¿V/4 potassium 
hydroxide made up the hypobromite solution and the 
bromide-bromate solution consisted of 3.5 grams of 
potassium bromate and 55 grams of K B r  per liter. 
The phenol solution for testing was made from the 
third distillation at 18 1-2  0 C. of Merck’s c. p. phenol, 
1.46 grams being diluted to 1 liter.

T H E  H Y P O B R O M IT E  M E T H O D .

In each of the following tables, the order given 
from left to right is the same order in which the 
solutions were added for the determinations. The 
tables show in each case the total volume, the volumes 
of phenol, hypobromite, hydrochloric acid, potassium 
iodide and thiosulphate used, and also the time of 
shaking and the percentage of the phenol present 
which were determined by means of this method.

Table I was prepared in order to determine the 
effect of time of shaking upon the results obtained, 
when the total dilution, volume of phenol and volume 
of hypobromite solution are kept constant and the 
solution is acid.

The method was as follows: Into a half-liter
bottle containing 61 cc. water the following solutions 
were added in the order given: Five cc. of HC1

(sp. gr. 1.2), 15 cc. of 0.1 N  phenol and 19 cc. of 0.1 N  
hypobromite solution. The stopper was then inserted 
into the bottle and the latter placed in the shaker 
where it remained revolving for the desired length of 
time. After shaking, it was removed; 5 cc. of K I 
(20 per cent.) solution was added to the mixture and 
the bottle was returned to the shaker where it revolved 
for at least three minutes.

The following table shows the results obtained for 
one minute to one hour’s shaking (the reaction period) 
before the K I solution was added.

T ab l e  I .— H ypo bro m ite .
Time. Tim e. P er cent.

No. HoO. HC1. C6H;,OII. K O Br. Min. K I. Min. NnsSiAj. Phenol.
la 61 5 15 19 1 5 3 3 .99 100.3
1 6 61 5 15 19 1 5 3 3 .98 100.4
2a 61 5 15 19 5 5 3 3 .97 99 .7
26 61 5 15 20 5 5 3 4 .98 99.9
3a 61 5 15 19 10 5 3 3 .88 100.5
3b 61 5 15 19 10 5 3 3.97 99 .9
4a 61 5 15 19 15 5 3 3 .89 100.4
46 61 5 15 19 15 5 3 3 .9 0 100.3
5 a 61 5 15 19 20 5 3 3.91 100.3
56 61 5 15 17 20 5 3 1 .90 100.2
6 a 61 5 15 19 30 5 3 3 .88 100.5
7a 61 5 15 19 60 5 3 3 .8 6 100.6
76 61 5 15 19 60 5 3 3.91 100.2

Solutions.
Phenol. ___  0 . 1022 N K I 20 per cent.
KOI3r. . ___  0 . 1016 N HCl 1.2 sp. KT.
T hiosulphate. ..___ 0. 1003 N

The above results indicate that the time of shaking 
has very little effect upon the percentages of phenol 
as determined. It  will be noticed that the values 
for one minute's shaking are as correct as those for 
one hour. There is no result in the table which varies 
from the correct value by more than 0.6 of x per cent, 
and the average varies by 0.2 per cent. This is the 
degree of accuracy claimed by Lloyd for the hypo
bromite method.

In Table II are given the results obtained when the 
concentration of phenol with respect to the total
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volume was varied but the relative concentrations of 
phenol and hypobromite were kept constant. In 
each case the time of shaking was 1 minute and the 
total dilution 100 cc.

Tab l e  II .
T im e. Time.

No. H 2O. IIC1. C0HSOH. KOBr. Min. K I. Min. N a ^ a - P er ccnt.
la 61 5 15 19.0 1 5 3 3.97 100.14
16 61 5 15 19.0 1 5 3 3 .97 100.14
2a 83 .5 5 5 6 .5 1 5 3 1.50 99.79
26 83 .5 5 5 5.5 1 5 3 1.50 99.79
3a 90 .4 5 3 3 .9 1 5 3 0 .92 99.14
36 90 .4 5 2 2 .6 1 5 3 0.60 99.71

* 4 a 92.7 5 1 1 .3 1 5 3 0 .32 98.90
46 92 .7 5 1 1.3 1 5 3 0.31 9&.81

Solutions—See Table I.

The results obtained indicate that amounts of phenol 
as small as 0.000015 gram per cubic centimeter may 
be determined within 1 per cent, by this method and 
with a reaction period of one minute.

Table I I I  shows that shaking for one minute is 
sufficient by the method used for an accuracy not 
greater than four parts per thousand. Each test was 
run with a total volume of 100 cc. and in each the 
concentrations of the various solutions were the same. 
The six determinations were a single series. All six 
are submitted, none rejected, thus giving a fair esti
mate of the amount of the error to be expected generally 
in a laboratory determination.

T ab l e  I I I .— HYronROMiTi:.

Time. Time.
No. II2O. HCl. CoIIfiOH. KOBr. Min. K I. Min. NaaSsOs- Per cen

1 61 5 15 19 1 5 3 3 .99 100.3
2 61 5 15 19 1 5 3 3.98 100.4
3 61 5 15 19 1 5 3 4 .02 99.6
4 61 5 15 19 1 5 3 4 .00 99.8
5 61 5 15 19 1 5 3 4.01 99.7
6 61 5 15 20 1 5 3 5.00 99.8

Solutions—See Table I.

Attention is called to the fact that in each of these 
tables, the phenol was first diluted with water before 
the hypobromite solution was added to it. This is of 
interest because of the fact that a number of authors 
state that in the determination of phenol by bromine,1 
a red compound is formed in the white precipitate 
which is probably tetrabromphenoquinone. Only once 
or twice in all our determinations did the precipitate 
show even a light pink shade, never yellow which 
would indicate tribromphenol bromide, and in all the 
other cases the precipitate was perfectly white. In 
every case where the red compound is mentioned the 
phenol solution was used with greater concentration 
than N / 100; it was found that diluting the phenol to 
approximately N /10 0  reduced the formation of this 
compound to zero and possibly increased the accuracy 
of this method.

The Permanency of a ‘Hypobromite Solution.—In 
estimating phenol, conflicting determinations were 
obtained by us when it was assumed that a fresh 
hypobromite solution retains a constant quantity of 
available bromine. Allen1 states that a hypobromite 
solution made alkaline by dissolving 62.2 grams of 
pure NaOH (this is 50 per cent, more caustic than is 
necessary to react with the bromine according to the 
equation, B r3 +  2NaOH =  2NaBrO + H20 ) and made

1 IScckurts, Arch. Pharm.. 5, 24, 561 (1886); from  J .  Soc. Chtm. Ind ., 
5, 5, 546 (1886).

J J .  Soc. Chem. Ind., 3, 65 (1884).

up to 0.16075 N  loses not more than 0.8 per cent, of 
its bromine by boiling it for one hour. Lloyd1 assumes 
from Allen’s paper that the available bromine in a 
solution of hypobromite is fairly constant. This is 
true if the bottle is kept full of solut'on and corked 
with a ground stopper. But if the ordinary 5-liter 
bottle be fitted up with a paraffined bark cork, siphon 
and inlet for air, the hypobromite solution changes its 
strength. A fresh solution made up in this laboratory 
by dissolving 8 grams of bromine per liter in N /4 KOH 
changed its strength in thirty-two days from o 0865 
N  to 0.0781 N, a decrease 0.3 per cent, strength per 
day. A second fresh solution of strength 0.1654 N  
changed in 12 days to 0.1584 .V, that is a change of 
0.33 per cent, per day A third solution, which was 
kept in a ground stoppered brown glass bottle in a 
dark compartment, changed from 0.1346 N  to 0.1340 
N  in fifty-seven days It is evident that this solution, 
which was quite yellow and smelled of free bromine, 
retained its strength when kept well corked in a brown 
glass bottle. This may account for the conflicting 
statements made regarding available bromine in a 
hypobromite solution. Owing to the possibility of 
bromine evaporating from a strongly alkaline hypo
bromite solution it is necessary to test this strength 
of hypobromite after each determination if these are 
more than a few hours apart, especially if the solution 
has an inlet for air to allow the siphon to operate, or if 
the bottle is badly corked.

The Acidity of the Phenol Hypobromite Solution.— It 
is imperative, if hypobromite is used in determining 
a phenol solution as tribromphenol, to have the solu
tion acid both before and after the hypobromite is 
added. Otherwise the phenol ring is broken2 up in 
alkaline hypobromite and passes over into carbon 
tetrabromide and possibly higher homologues.

Tab l e  IV .— Al k a lin e  P h eno l  H ypobrom ite .
Time.

No. H 2O. C«H5OH. KOBr. Time. HCl. K I. Min. N a2S203- P er cent.
Ia 64.5 2 .5 18 1 min. 5 5 3 19.81 167.84

l i a 64.5 2 .5 18 1 min. 5 5 3 19.78 169.01
I c 64.5 2 .5 18 5 mins. 5 5 3 19.04 197.25

l ie 64.5 2 .5 18 5 mins. 5 5 3 19.06 196.86
Id 64.5 2 .5 18 10 mins. 5 5 3 18.96 200.39

I Id 64.5 2 .5 18 10 mins. 5 5 3 18.94 201.17
Je 64.5 2 .5 18 20 mins. 5 5 3 18.90 202.74

l ie 64.5 2 .5 18 20 mins. 5 5 3 18.89 203.13
Iff 64 .5 2 .5 18 1 hr. 5 5 3 18.79 205.49

l l f f 64.5 2 .5 18 1 hr. 5 5 3 18.76 208.22
I i 64.5 2 .5 18 18 hrs. 5 5 3 18.08 234.51

II» 64.5 2 .5 18 18 hrs. 5 5 3 18.07 234.90
Solutions.

P h e n o l.. . 0.1022 N K I 20 per ccnt.
K O Br. . . 0.1318 N HCl 1.2 sp. gr.
T h io su lp h a te .. .  . 0 .09816 N
18 cc. 0.1318 N K O B r -  23.72 cc. 0.1 N  K O B r
2.5 cc. 0.1022 N phenol *» 2.55 cc. 0.1 N phenol

In Table IV  the acid was not added until after the 
hypobromite. Column 5 shows the time during which 
the solution was alkaline. The table shows the rate
at which the bromine is used up in an alkaline phenol
solution. The last column gives the per cent, of Br 
disappearing, calculating as 100 per cent, the amount 
of Br required to form tribromphenol, when the solu
tion is acid.

1 J .  A m . Chtm . Soc., 27, 10 (1905).
2 Olivier. Rtc. Trav. Chim., 2 9 , 294 (1910) ; Collie. J .  Soc. Chtm . I,id., 

p. 264 (1894); W allach. A n n . Chem., 275, 147 (1893); 169, 322.
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The above table indicates that if the solution be 
alkaline for only one minute after the hypobromite is 
added, an error as great as 67 per cent, may be intro
duced in the determination, and a longer period gives 
a greater error. Lloyd uses sufficient acid to keep 
this solution strongly acid although he does not 
mention the attendant danger if the solution were 
alkaline. Olivier1 rather inconsistently expresses sur
prise at the amount of acid used by Lloyd and at the 
same time shows that if the solution become alkaline 
an error of 125 per cent, may be introduced in a single 
determination.

It may be noted that no precipitates appeared after 
adding the acid. •

T H E  B R O M ID E -B R O M A T E  M E T H O D .

This method is similar in many respects to the 
hypobromite method. Instead of using a solution of 
hypobromite as in the first case, a solution consisting 
of a mixture of potassium bromide and potassium bro- 
mate (Koppeschaar’s solution) was used. This is the 
standard solution used by the United States Pharma
copoeia and is made as follows: 3.5 grams of potas
sium bromate and 55 grams of potassium bromide 
are dissolved in water and then diluted up to 1 liter.

This solution has considerable advantage over the 
hypobromite solution in that it contains no free 
bromine and therefore does not have the objection
able odor of the hypobromite solution. For 
the same reason, it is much more stable than this 
solution3 and does not require to be standardized with 
each operation. The chief objection to the use of the 
bromide-bromate solution, however, has been that it 
was too slow. Koppeschaar recommends 15 minutes 
shaking and the U. S. P. 30 minutes, before the K I 
solution is added.

As shown by the following tables it is not necessary 
to shake for one-half hour to obtain an accuracy of 
three parts per thousand. The order of adding the 
solutions is shown in each table reading from left to 
right.

T ablk  V .— B ro m ide B rom ate.

Brom ide Time. Time.
No. H 2O. HCl. Q5H 5OH. brom ate. Min. K I. Min. NajSsOs. P er cent.
la 61 5 15 19 1 5 3 2 .80 99.72
16 61 5 15 19 1 5 3 2.75 100.04
2a 61 5 15 19 5 5 3 2 .80 99.72
26 61 5 15 19 5 5 3 2.77 99.92
3a 61 5 15 19 10 5 3 2.80 99.72
36 61 5 15 19 10 5 3 2.79 99.79
4a 61 5 15 19 15 5 3 2 .78 99.85
46 61 5 15 19 15 5 3 2.77 99.92
5a 61 5 15 19 20 5 3 2.73 100.11
56 61 5 15 19 - 20 5 3 2.80 99.72
5c 61 5 15 19 20 5 3 2.75 100,04
56 61 5 15 19 20 5 3 2 .82 99.60
6a 61 5 15 19 30 5 3 2 .70 100.30
66 61 5 15 19 30 5 3 2 .74 100.11
7a 61 5 15 19 60 5 3 2 .70 100.30
76 61 5 15 19 60

Solutions.
5 3 2.71 100.30

Phenol. 0 .1022 N K I 20 per cent.
B rom ide b rom ate  0.09493 N HCl 1.2 sp. gr.
T liiosulphate  0.09816 N

Table V was prepared to determine the effect of 
time of shaking upon the results obtained when the

1 Olivier, Rec. Trav. Chim., 29, 294 (1910).
2 See P a rt V, S um m ary, page 659: also page 657.

total dilution, volume of phenol and volume of bromide 
bromate are kept constant and the solution acid.

In Table V  the constant volumes of water, phenol, 
acid and bromide-bromate solution were used, but the 
time of shaking varied. It will be noticed that for 
no test was there a greater error than 0.6 per cent, 
and that with one exception all the results are within 
0.3 per cent. The results obtained for one minute’s 
shaking are as accurate as those for 15 minutes, 30 
minutes and 1 hour.

In order to confirm the one-minute determinations, 
a sories of five tests were run exactly similar to those 
in Table V. The five results arc submitted, none 
rejected, thereby giving an idea of the magnitude of 
the errors to be expected in an ordinary laboratory 
determination by this method.

The results given below in Table VI show an 
average error of 0.3 per cent., the greatest error being
0.4 per cent, for a reaction period of only 1 minute.

Tau le  V I.— B rom ide  bro m ate . 
B rom ide T im e. Tim e.

No. H-tOj HCl. C0H5OH. brom ate. Min. K I. Min. NasSjOg. P er cent.
1 61 5 15 20 1 5 3 5.81 100.4
2 61 5 15 18 1 5 3 3 .88 100.4
3 61 5 15 18 I 5 3 3 .90 100.2
4 61 5 15 18 1 5 3 3 .92 100.3
5 61 5 15 18 1 5 3 3 .9 0 100.2

Solutions.
P henol............ . . .  0.08815 N K I 20 per cent.
B rom ide brom ate  0.09493 N HCl 1.2  sp. gr.
T liiosulphate. . .  . 0.09816 N

Table V II like Table II varies the concentration of 
phenol with respect to the total volume, but keeps 
the relative quantity of bromide bromate with respect 
to the phenol constant. In this table the time of 
shaking was taken as one-half hour. This length of 
time was chosen according to the U. S. P., as Table 
V II was completed before Tables IV  and V.

T ab l e  V II.— B romide brom ate . 

Brom ide Time. Time.
No . HaO. HCl. CcH 6OH . brom ate. Min. K I. Min. N a ^ O a . P er cent.
la 61. 5 15 19. 30 5 3 2 .70 100.36
16 61 . 5 15 19. 30 5 3 2.74 100.11
2a 72. 5 10 13. 30 5 3 2.12 100.39
26 72. 5 10 13. 30 5 3 2.15 100.10
3a 83.5 5 5 6 .5 30 5 3 1 .02 101.15
36 83.5 5 5 6 .5 30 5 3 1.08 100.00
4a 90.4 5 2 2 .6 30 5 3 0.39 102.02
46 90.4 5 2 2 .6 30 5 3 0.43 100.05
5a 92.7 5 1 1.3 30 5 3 0 .19 102.50
56 92.7 5 • 1 1.3 30 5 3 0.21 100.58

Solutions— See Table V.
The results for I  and 2 CC. of phenol are seen to be

less concordant than those for larger amounts. How
ever, as one drop is an error of 5 per cent, in 1 cc., 
and as the phenol solution was measured out from a 
burette and not weighed, the agreement is fairly 
good. The table shows that 0.000015 gram of phenol 
per cubic centimeter may be determined by this 
method with a maximum error of 2 per cent. The 
method is probably much more sensitive than this if 
more dilute solutions are used.

From these tables we have come to the following 
conclusions for work requiring an accuracy not closer 
than 0.3 per cent. First, it is not necessary to shake 
the acidified phenol solution with Koppeschaar’s 
solution (bromide bromate) or with Lloyd’s hypo
bromite solution for a longer time than one minute
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if a continuous shaker is used. Second, if the con
ditions of dilution, etc., are those given in the pre
ceding tables no red or yellow compounds are ob
served in the white tribromphenol precipitate.

In addition to the above experiments, tests were 
run by the two methods to determine the error which 
might be introduced in the determinations due to 
chemicals, evaporation of bromine due to the use of 
ordinary one-half liter bottles, methods of working, 
etc. Thus, an error might be introduced by running 
the hypob'omite solution into the phenol without 
shaking if the region where the hypobromite was most 
concentrated became alkaline. Several tests were 
made to determine this, but no appreciable effect 
was noticed.

A series of six determinations to find the effect of 
titrating back with the thiosulphate after periods of 
1, 2 and 3 minutes (continuous shaking) from the time 
when the K I  was added, gave results which showed a 
maximum error of o 5 per cent, within themselves. 
Accordingly an error of not more than 0.5 per cent, 
is introduced if the solution is shaken only 1 minute 
after adding the potassium iodide.

Blank experiments were run under the same con
ditions as the original determinations which showed 
that the maximum error introduced by the solutions, 
manipulation, bottles, etc., was 0.3 per cent.

Directions.— (x) N /10  sodium thiosulphate and a 
N /10  of either hypobromite or bromide bromate, 
20 per cent. K I  and x/j per cent, starch solutions.

(2) Into a 500 cc. bottle, fitted with a ground glass 
stopper, put 60 cc. water, 5 cc. hydrochloric acid (sp. 
gr. 1.2) and then add 15 cc. of the unknown phenol solu
tion which is to be .determined and which has pre
viously been diluted to about N /10 . If the solution 
is weaker than iV/10 no previous dilution is required. 
Add quickly enough N /10  hypobromite or bromide- 
bromate solution to make the solution yellow and then 
add in addition 10 per cent, of the amount already 
added. Place the stopper in the bottle and shake 
continuously for one minute. Add to the solution 
in the bottle 5 cc. potassium iodide solution (10 per 
cent.) and again shake for three minutes. Wash down 
the stopper and sides of the bottle and titrate the solu
tion with the N /10  thiosulphate, using starch solution 
as an indicator. The starch must not be added until 
enough thiosulphate has been run in to make the 
solution almost colorless. The quantity of thiosul
phate used represents the quantity of free iodine, and 
therefore the quantity of excess bromine. The differ
ence between this quantity and the known quantity 
of bromine added gives the amount of solution present. 
Each cubic centimeter of N /10  bromine used up is 
equivalent to 0.00156 gram of phenol.

SU M M A R Y .

I. The results show that by the above methods of 
manipulation, either with the hypobromite or with 
the bromide-bromate solution, phenol determinations 
can be made within an error of 0.3 per cent, with 
only one minute of continuous shaking after the solu
tion containing the bromine is added, i. e., the reaction

period may be reduced from 30 minutes to 1 minute 
without sacrificing accuracy.

II. The phenol in each case was diluted until it 
was approximately N / 100 before the, determination 
was made. The resulting precipitate with the hypo
bromite or bromide-bromate solution was white and 
flocculent in each case and the precipitate showed 
no traces of red tetrabromphenoquinonc or yellow 
tribromphenol bromide.

III . In order to secure correct results, the phenol 
solution must be acid after the bromine is added. 
If it is alkaline, an error is introduced which increases 
as the concentration of the phenol in the solution 
diminishes and the reaction period increases.

IV. The error introduced by shaking the solution 
for only one minute after the K I solution is added before 
titrating back with thiosulphate is 0.5 per cent. 
Three minutes shaking eliminates this error and longer 
shaking has no effect.

V. The bromide-bromate solution has the ad
vantage over the hypobromite of being permanent. 
When the solution used was first made, its strength 
was 0.09493 N. After three months duplicate tests 
gave o 09495 N  The hypobromite solution weakened 
one-third per cent, every twenty-four hours for the 
first few days after the solution was made. The 
bromide-bromate solution has not the unpleasant odor 
or free bromine.

D epartm ent  of I nd ustr ial  R esea rch ,
U n iv er sity  ok K a n sa s ,

Law r en c e .

TH E COLORIMETRIC DETERMINATION OF IRON IN LEAD 
AND ITS OXIDES.

B y J o hn  A. S ch aeffer .
Rcccivcd June 20, 1912.

The determination of the small percentage of iron 
always found in lead and its oxides must frequently 
be made by chemists working in industries where any 
appreciable amount of iron in raw materials has a 
deleterious effect on the finished product. This is 
especially true in the use of red lead and litharge in 
the manufacture of high-grade cut glass, and lead and 
its oxides in the manufacture of lead accumulators, 
where the determinations are constantly made The 
gravimetric determination of this constituent necessi
tates a lengthy and a more or less inaccurate analysis, 
owing to the many operations entailed. A volumetric 
determination is also in many cases not sufficiently 
accurate and rapid for estimating the very small 
percentages which are often present.

The following colorimetric method was developed 
to fill this need and it has been found that no other 
method compares with it in rapidity, ease of manipu
lation, or in accuracy, for the estimation of the small 
percentages of the above constituent present in lead 
and its oxides. The method is a modification of 
Thomson’s1 method, so adapted as to be readily applied 
to the above mentioned analysis.

It is carried out in the following manner:
In the analysis of litharge or metallic lead, treat 

one gram of the sample in a beaker with 15 cc. of water
1 J . Chem. Soc.. 1888, 4 93 .
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and sufficient nitric acid to convert all the lead present 
to lead nitrate. Should there be any separation of 
basic lead nitrate add more water until complete 
solution is effected.

In the analysis of red lead, treat one gram of the 
sample with 10 cc. of water and sufficient nitric acid 
to convert all the oxide present, excepting the lead 
dioxide, to lead nitrate. Add 10 cc. of hydrogen 
peroxide (i : 3.5) to the solution, and boil for a minute 
until all the oxides of lead pass into solution.

After complete solution of either the metallic lead, 
litharge or red lead, boil the nitrate solution gently 
for several minutes to convert all the iron to the ferric 
condition, cool the contents of the beaker, neutralize 
the free nitric acid present with ammonium hydroxide 
and render faintly acid with nitric acid. A  solution 
made from red lead may, after neutralization and the 
subsequerit addition of acid, show the presence of lead 
dioxide. When this occurs, the solution can be ren
dered clear by the addition of a few drops of the hy
drogen peroxide solution.

Wash the contents of the beaker into a 100 cc. 
Nessler cylinder, add 15 cc. of dilute ammonium 
sulphocyanide (1 : 20) and dilute to the mark. The 
intensity of the blood-red color depends upon the 
amount of iron present. The color is compared with 
a blank made in the following manner:

A  solution of ferric ammonium sulphate of known 
strength is required. This is made by dissolving 
0.7022 gram of ferrous ammonium sulphate in water. 
Acidify with sulphuric acid, heat to boiling and add a 
solution of potassium permanganate until all the iron 
is converted to the ferric condition. Only the very 
slightest pink tinge may be present after the addition 
of the potassium permanganate, as this tinge will 
fade away, while the presence of a pink color tends to 
vitiate the results. Allow the solution to cool and 
dilute to one liter. One cc. of this solution equals 
0.0001 gram of iron.

Prepare the blank by pouring into a 100 cc. Nessler 
cylinder 10 cc. of hydrogen peroxide of the above 
strength, provided hydrogen peroxide was added for 
the solution of the oxide, approximately the same 
amount of nitric acid as was required for the solution of 
the original metallic lead or oxide, and 15 cc. of am
monium sulphocyanide solution. Dilute to 100 cc. and 
titrate to the exact color developed in the sample under 
examination, by the addition of the standard ferric am
monium sulphate solution. One cc. of this solution 
equals 0.01 per cent, of iron when a one-gram sample 
is used. The percentage of iron present should not 
require more than 2 or 3 cc. of the standard to equal it, 
or the color will be too deep for comparison.

It will be found that the color can be accurately 
compared to within 0.001 per cent, of iron content. 
The small percentage of copper present in lead and its 
oxides does not interfere with the reaction.

Laboratory  o p  P ic h er  L kad Co m pan y ,
Jo pl in , Mo .

A RAPID  MICROSCOPICAL METHOD FOR TH E D ETERM I
NATION OF ARSENIC, AS ORPIMENT, IN SH ELLA C .1

B y R o ber t  S chw arz.
Received Ju ly  15, 1912.

As is well known, orpiment, the mineral form of 
arsenic trisulphid, is very generally added to shellac 
in India, where this product is collected and prepared 
for the market. Orpiment is added merely to make 
shellac more opaque and light straw-colored.

An attempt has therefore been made to obtain from 
India shellac to which no orpiment has been added, 
but it has been found that, for some unknown reason, 
almost all shipments of so-called “ arsenic-free”  goods 
contain from small amounts to considerable quantities 
of arsenic, mostly in the form of orpiment'. Therefore 
it appeared advisable to develop a method of qualita
tively determining orpiment in shellac, which method 
would be more rapid than the Gutzeit or Marsh tests. 
Such a method has been evolved and bases itself, (i) 
upon the fact that orpiment is insoluble in alcohol and 
can be precipitated from alcoholic solution of shellac 
by centrifugal motion, and (2), upon the characteristic 
appearance of orpiment under the microscope. When 
examined in this manner, orpiment appears as trans
parent to translucent granular masses and imperfect 
crystals of a distinctly characteristic yellow-greenish 
color.

The method, therefore, is very simple and rapid, 
as can be seen from the following:

A 10-gram average sample is ground fine in a coffee 
mill and then dissolved in 15 cc. of methyl alcohol, 
solution being hastened by shaking and warming the 
flask. The varnish is then poured into a graduated 
tapering tube and this revolved in a centrifugal 
machine for 5-6 minutes at 1000-1500 revolutions per 
minute. This causes the precipitation of the greater 
part of the insoluble material, which contains the 
orpiment. The varnish is then decanted, the precipi
tate shaken with methyl alcohol and the tube again 
revolved in the centrifuge for one to two minutes. 
The alcohol is then decanted as thoroughly as possible, 
the amount of the precipitate recorded, and a small 
portion transferred to a microscopic slide by means of 
a capillary tube. This preparation is then carefully 
examined under the microscope, using a magnification 
of 450-600 diameters.

With an ordinary brewers’ shellac or varnish con- 
.taining a normal amount of insoluble material and 
above 150 parts of arsenic per million, several pieces 
of orpiment will be observed in each field. Some 
shellacs, however, contain a considerable amount of 
insoluble material, and so the precipitate becomes 
larger and the number of pieces of orpiment in each 
field correspondingly smaller. The method has been 
used not only on the common grades of shellac, but it 
has also been tried on so-called “ arsenic-free” ship
ments and three bleached shellacs. The results of all 
tests have been embodied in a table in which is given 
the number of each test, description of the sample, 
amount of the precipitate, number of pieces of orpiment

1 P aper p resented  a t the  New Y ork Section of the  Am erican Chemical 
Society, June 7,1912.
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•found in each field or preparation, and the amount of 
arsenic trioxide, as determined by the Marsh or Gutzeit 
test. The Marsh or Gutzeit test determines the total 
amount of arsenic present, and therefore, as Langmuir 
and White1 have shown that a certain amount of 
orpiment may be dissolved in the shellac in the pro
cess of manufacture, it is not surprising that in some 
instances the microscopic tests failed to reveal orpi
ment, while the chemical tests showed appreciable 
amounts of arsenic to be present.

AS2O3.
P a rts  per 

O rpim ent million. 
Sam ple Sedi- crystals M “  M arsh
Num ber. Description. m ent. per field. G =  Gutzeit.

1 Varnish Orange 0.1  cc. 4 -5  400 M
2 V arnish Orange 0 .05  1 60 M
3 V arnish Orange 0 .05  4 -5  155 M
4 V arnish Orange As-frcc 0.025 none1 none G
5 Varnish M anhcim none none none M
6 V arnish Manhcim 0 .02  1-2 112 M
7 V arnish W hite  0 .05  none1 none G
8 Shellac Grain Lac. 1 .5  1 45 M
9 Shellac R & P  garnet 0 .1  none1 85 M

10 Shellac Gr. orange 0.075 none1 none M
11 Shellac Reg. orange 0.075 6 -8  550 M
12 Com. As-frec shellac ...........  0.025 l 2 4 G
13 Com. As-free shellac .............  .0 .05  l 2 7 .5  G
14 Com. As-free shellac .............  0.025 22 4 G
15 Com. As-free shellac G rain lac. 1.00 l 2 20 G
16 Com. As-free shellac Grain lac. 1.00 I2 20 G
17 Blcached shellac ...............  0.01 l 2 6 G
18 Bleached shellac ...............  0 .25  l 3 traces G-M
19 Bleached shellac ...............  0.01 none1 15 G

1 Three preparations exam ined.
2 N um ber of c rystals in each preparation.
3 One crystal in every th ird  p reparation .

It is easily seen from the above table that the sedi
ment from a brewers' varnish (samples 1-6), which is 
generally made from the ordinary grades of shellac, 
contains such an amount of orpiment that-there are 
always one or more crystals present in each micro
scopic field. Sample 4, however, did not show any 
orpiment in three microscopic preparations, and as 
experience had shown that this number of preparations 
would show at least one crystal of orpiment, if any 
were present, this sample was judged orpiment-free. 
The Gutzeit test showed that no arsenic in any form 
was present.

Of the raw or purified shellacs all but two showed 
crystals of orpiment where arsenic was subsequently 
found by the Marsh or Gutzeit tests. The two excep
tions were No. 9, of which a number of preparations 
were made and no orpiment found, and No. 19, a 
bleached, wax-free sample, which gave similar results. 
It is quite probable that in both instances the arsenic 
was in solution, and that any orpiment which had been 
present in the raw lac had b^en removed in the process 
of manufacture.

Regarding samples Nos. 12 -18 , it is interesting to 
note that the method will show the presence of orpi
ment even when the total arsenic present is only 4 
parts per million, and in one instance— sample No. 18 
—one crystal was found in every third microscopic 
preparation, while the Gutzeit and Marsh tests showed 
the presence of traces only of arsenic.

As regards using the method to obtain quantitative 
approximation of the amount of orpiment present, it

1 J .  Soc. Chem. Ind.. 1911, 786.

must be stated that, in the first place, the method is 
suggested only as a qualitative test. However, by 
using the same microscope, ocular and objective, and 
by comparing the sediments of unknown shellacs with 
those of samples containing known amounts of orpi
ment, a fair idea of the amount of orpiment present 
can be obtained.

' In conclusion I wish to acknowledge my indebted
ness to Dr. A. C. Langmuir, at whose suggestion this 
paper was written, and who has given valuable advice 
in the preparation of the same.

Microscopical Laboratory ,
F ir st  S c ientific  S tation  for tiie  A rt of B r e w in g ,

N ew  Y ork  City .

SOME PRACTICAL METHODS FOR TESTING AND ID ENTI
FYING COLORS FOR PRINTING INKS AND SIM ILAR 

PIGMENTS.
n y  Sam uel  L e v in so n .
Received M ay 27, 1912.

Every manufacturer, in fact every large user of 
colors, should be in position to identify and match 
colors brought to his attention as a producer, jobber 
or buyer. In this paper we shall consider only the 
so-called L a k e  C o l o r s , i. <?., colors made from coal;; 
dyestuffs consisting of the base, coloring matt^ 
usually some substance or substances used 
the dye to the base. Analytical methods v 
are insufficient to properly identify chemical^ 
tions. A complete analysis giving the 
of all the constituents which can be properly 
chemically will often be of comparatively It 
But on the other hand a synthetic test, i. <?., 
tion of different materials which results in a 
identical with the one tested will make the examinai 
complete and at the same time provide all the ir 
tant analytical data. In very many cases the synt^ 
test is simpler and takes up much less time, thai1 
analysis. In many factories where there are no" 
very limited laboratory facilities a complete analysis ' 
is out of the question and one must per force take 
refuge in synthetc methods. Certain conditions, 
of course, cannot be duplicated in the laboratory and 
besides the chemist must be familiar not only with 
analytical methods but must understand the manu
facture of the articles in question. Happily in the 
color line conditions are such that almost any color 
can easily be prepared in the laboratory and the 
preparation requires but little time and very limited 
facilities.

It is relatively easy to find out the percentage of 
coloring matter in a color and in many instances the 
manufacturer will state the nature of the dye used, 
but, if the consumer should pay according to the 
percentage of dye, as revealed by such analysis, the 
results might prove disastrous. I t  is quite a  common 
occurrence for two colors with exactly the same per
centage of dye to show different strengths. In 
examining a new color it is worth while to remember 
that there are relatively few lake colors in the market 
in shades other than R e d , because some of the more 
important I n o r g a n i c  colors, like chrome yellow, 
chrome green, ultramarine and prussian blue, arc
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much cheaper. So in many instances we can tell by 
the shade and price without any further examination, 
whether the article in question is a lake color or an 
inorganic color. The purpose for which the color is 
used is a factor of even greater importance; it is evi
dently useless to look for a heavy gritty base in a color 
intended for fine printing inks.

Very little apparatus and but few chemicals are 
required in order to form a definite idea of most of 
the colors. A few test tubes, a Bunsen burner, and an 
alcohol lamp will enable one to make most of the 
necessary tests. When matching is the more impor
tant part of the work it very often becomes necessary 
to make up counter samples, i. e., a color having all or 
most of the important qualities of the submitted 
sample. For this work a few Mason jars of one quart 
capacity can be used as working tanks; glass rods, 
or even pieces of wood will serve as stirring rods; all 
the dissolving can be performed without the necessity 
of boiling by using hot water in enameled ware dishes. 
As most of the operations included in the manufacture 
of colors take place with the use of live steam, passing 
through open iron pipes with a maximum temperature 
of approximately 170 ° F., it will readily be seen that 
the use of boiling water will practically duplicate the 
working conditions in the manufacture.

Several glass funnels for filtration, or better still a 
suction pump and a drying oven will complete the 
outfit In the absence of a drying oven a pot of 
boiling water covered with a piece of tin can be used 
for-drying. A scale and a set of metric weights will 
be very convenient, as by figuring t  gram to 9 cc. as 
the equivalent of a pound per gallon, it is easy to 
figure out the dimensions of tanks and vessels required 
for the actual manufacture. The concentration of 
the solutions of the materials used is a very important 
item in manufacture.

The color submitted for examination must be first 
examined as to the shade and strength. In order to 
do this properly it is very convenient to have a fair 
sized collection of standard samples, either prepared 
in the laboratory or standard market goods; the 
names of the manufacturers, trade names, prices, etc., 
should be carefully kept on record. The sample in 
question is “ rubbed out” on a glass plate in some 
vehicle, either linseed oil, varnish, water or glue 
solution, depending on the use to which the color is to 
be put. This mixture is spread out in a thin layer 
alongside of a sample of some standard color rubbed 
out in exactly the same way, which appears to be 
nearest in shade. The two rub-outs can be placed 
together on a piece of glass. It is also very convenient 
t.o spread the colors on white paper, which should not 
be too heavy. Another method is to put separately 
very small masses of the colors in oil or varnish on a 
large palette knife and then rub them out together on 
a piece of paper in adjoining smears. In this way both 
the overtone and undertone can be studied and com
pared with standard samples.

The next in order is a strength test, or a determina
tion of the staining power. For this the color is re
duced with a given amount of an inert white base,

rubbed out and compared with a standard exactly as 
before. For reducing I have always used oxide of 
zinc with very satisfactory results. The color is mixed 
with ten. twenty or in case of strong color even fifty 
or a hundred parts of white (by weight). The same 
concentration of the standard color is prepared. To 
facilitate matters it is very convenient to prepare 
dry mixtures of standard colors 1 : 10 or 1 : 20 and 
keep them in small bottles for further reference. If 
the shade of the sample and standard are identical 
and they differ in strength o'nly, the addition of more 
zinc oxide will help to determine the exact strength. 
In the course of the above determinations we can also 
consider the general behavior of the color “ bleeding” 
in oil, in water, resistance toward common reagents, 
acids and alkalies, etc. If the overtone, undertone, 
strength, and general behavior of two colors are alike 
they can be safely considered identical for all practical 
purposes.

If none of the standards on hand matches the 
sample it becomes necessary to examine the color 
more closely, beginning with the base The specific 
gravity of the color will furnish a good clue n this 
matter, e. g., a heavy color cannot be a lake made on 
alumina hydrate base. It must conta:n some of the 
heavier bases (barytes, clay, different lead salts, etc.). 
A few simple tests like the following will suffice to 
determine the base. A  little of the color is treated 
in a test tube with hydrochloric acid; strong efferves
cence will show the presence of carbonates, usually 
either Paris white, or carbonate of barium or lead. 
The latter are both heavier than Paris white. The 
following test will clear up the question: A little of
the color is boiled in a test tube with strong acetic 
acid and some hot water and a few drops of a solution 
of potassium iodide are added The immediate forma
tion of heavy golden crystals will show the presence 
of lead as a base, as previously confirmed by the 
heaviness of the color. If the crystals are formed 
very slowly, we can deduce that lead was used but in 
small quantities, evidently in order to fasten the dye- 
stuff. The coloring matter can be easily destroyed 
by boiling the color with a mixture of hydrochloric and 
nitric acids. The filtrate is tested in the usual way 
for soluble metals. Large amounts of aluminium for 
instance will show that the color contains some hydrate 
of that metal. If a microscope having a magnification 
of about 100 is handy, it is very convenient to examine 
the color on a slide rubbed out with a little alcohol. 
In this way it is easy to determine the difference 
between barytes and blanc fixe which are identical 
chemically (natural and artificial sulfate of barium) 
but act quite differently as bases for colors.

After getting some idea of the base, we shall next 
proceed to examine the coloring matter proper. The 
presence of small quantities of lead previously deter
mined in testing for this metal in the case of a red color 
usually bespeaks the presence of eosines; decided 
fluorescence of the color with alkalies will confirm' it. 
It  is however important to remember that some of the 
newer coal-tar products show quite a similar behavior; 
c. g., Pigment Scarlet 3 B (of Meister. Lucius and
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Bruening). A bromine test will prove the presence 
of eosines more positively and exclude Pigment Scarlet.

Having excluded this class of dyes, the identification 
of so-called Permanent Colors made with Paranitrani- 
line is next in order. When treated with strong 
sulfuric acid this class shows a cherry-red reaction; 
boiled with alcoholic caustic soda solution a dark 
violet will appear. The above method has been used 
by the author for the last six years, and has been 
sufficient for the complete identification of this class 
of colors, nor has confusion with any other class ever 
occurred.

Using some of the most common reagents like sul
furic acid, hydrochloric acid, caustic soda, also alco
holic caustic soda, alcohol, etc., and comparing the 
resulting reactions with standard samples made with 
known coal-tar dyes, or even with the coal-tar dyes 
per sc, we can arrive at some conclusion as to the 
nature of the dye used in the sample. In some cases, 
especially whendealing with 'mportedcolors, wemayfind 
that none of the dyes on the market are similar to the 
one used in the sample. It  occurs quite often that 
manufactured goods with new dyes come to this coun
try, before the corresponding dyes have been imported. 
It is necessary to have a good collection of coal-tar 
dyes found on the market. It is very important to 
keep a record of the name of the original manufacturer 
(in case the dyes are bought from jobbers), as very 
often dyestuffs of different make are different, even 
if they have the same trade name. The trade name 
should be always noted in full including different 
letters, B, R , G, etc., and descriptive words like 
“ extra,”  ‘ fine,”  etc., in order to be able to get 
cxactly the same products should occasion occur. 
The record should also contain the price.

After having determined to some extent the nature 
of the base and coloring matter it becomes often 
necessary in order to confirm the findings to make a 
similar or even an identical sample. In this work care 
must be taken to use always the same grade of raw 
materials; it is convenient to keep on hand standard 
samples, of them, with names of the manufacturers, 
trade names, etc. One cannot make samples with 
chemically pure materials, as it would not be possible 
to duplicate them on a large scale. After a sample 
is made in the laboratory it is compared exactly in the 
same way as stated above with the tested sample. 
It is very important to keep a record of the yield of the 
color, as this will enable us to figure out the price. 
In computing the price from the raw materials one 
must always be sure to include a fair estimate for cost 
of labor, including also as a factor the salary of the 
chemist and taking into consideration the manufacturers’ 
and jobbers' profit. In this way it is easy to tell 
whether the price asked for a new color is fair.

Another factor of some importance is that there is 
usually some little difference between a color made 
in the factor}’' and one prepared in the laboratory, as 
it is impossible to have the conditions of work abso
lutely alike. It would be very wrong for a manu
facturer to submit to a customer a laboratory sample 
for the goods that he will deliver.

The same work of preparing counter samples is 
often necessary in order to identify and match samples 
of coal-tar dyes for the use in the color trade. Two 
samples of dyestuffs may often stain wool or cotton in 
exactly the same way, but give entirely different 
results when used in the manufacture of colors.

After separation from the vehicle, thinners, etc., 
practically the same methods as those given above 

■ can be used in the examination of paints and similar 
goods.

B rooklyn, N i:\v Y ork .

THE EFFEC T  OF IGNITION ON TH E SO LUBILITY OF SOIL 

PHOSPHATES.
B y Chas. B . L ipm an .

Received Ju ly  31, 1912.

In common with other soil investigators, the writer 
Has taken occasion to point out recently the dangers 
involved in applying data obtained with solution 
cultures of plants to soil problems with the same 
plants. Time and again results have been obtained 
in solution cultures of both plants and bacteria which 
when compared with tests of the same organisms on 
soils, both sterile and unsterile, were found to be widely 
divergent and discordant. I have also found the same 
to be true regarding the purely chemical changes of 
the same materials in minerals and in soils as brought 
about by the laboratory treatment involved in their 
quantitative determination. My remarks apply par
ticularly to the quantitative determinations of phos
phates in soil ; I employ for this paper the same title 
that Fraps1 used for his recently, to call attention to 
the differences effected in the degree of solubility 
of phosphates in phosphate minerals and in soils, 
by ignition. In the work just cited, Fraps has shown 
that the ignition of phosphate minerals, including 
wavellite, dufrenite and variscite, for 10 minutes at 
a low red heat increased about 10 times the solubility 
of the phosphoric acid contained in them in fifth normal 
nitric acid and rendered it almost completely soluble in 
12 per cent, hydrochloric acid. From these results 
he concludes that the method for determining phos
phoric acid in soils as used by him is not suited to 
distinguish between the organic and the inorganic 
phosphorus in soils, since the inorganic phosphates 
are made more soluble through ignition.

We are not concerned in this paper with the latter 
conclusion of Fraps as regards the distinction between 
the organic and inorganic phosphorus of the soil. 
Having frequently noted, however, in our analytical 
work on soils that the very opposite effect to that 
above quoted is accomplished by ignition of soils 
before determining the phosphoric acid, it was deemed 
desirable to make some systematic tests with reference 
to the matter, and determine, if possible, the cause 
of the different effect of ignition on the solubility 
of phosphates in minerals and in soils, if such a dif
ferent effect was definitely shown to exist. Accordingly 
five different soils were selected, each sifted through 
a 0.5 mm. sieve and prepared for analysis for phos
phoric acid. The soils were as follows:

1 T h is  Jo u r n a l , 3 , 335.
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No. 1. A very rich, black, fine silty loam, rich in 
phosphoric acid and humus, from Arroyo Grande, 
San Luis Obispo County, California.

No. 2. A fine sandy soil with a good supply of phos
phoric acid, but poor in humus, from Escondido, 
San Diego County, California.

No. 3. A very heavy black, clay adobe soil with 
sufficient phosphoric acid for fair crop production, 
from West Berkeley, Alameda County, California.

No. 4. A sandy loam with a fairly good humus and 
phosphoric acid content from South San Francisco, 
California.

No. 5. A light sandy loam, of fairly good humus con
tent and phosphoric acid, from Anaheim, Orange 
County, California.

The analysis was carried out as follows: Four 
grams of soil were placed in a porcelain cup and di
gested with concentrated nitric acid for two days 
on the steam bath. Two samples of each soil were 
ignited for twenty minutes at a low red heat in a plat
inum dish and two others of each soil were placed in 
the cups without ignition. The greatest caution 
was exercised to prevent loss by dusting in the process 
of ignition and in the transfer from platinum to di
gestion cup. After the period of digestion, the soil 
cups were placed on the sand bath and evaporated 
to dryness to dehydrate the silica, after which more acid 
and a little distilled water were added and the cups 
were replaced on the steam bath for four hours. 
The solutions were then carefully filtered and the soil 
residue washed on the filter. The filtrate was warmed 
to a temperature of 65° to 70° C. and the phosphoric 
acid precipitated with ammonium molybdate. The 
precipitate and solution were allowed to stand at 
65° to 700 C. for about four hours, then filtered and 
the precipitate washed with a solution of ammonium 
nitrate. After this it was dissolved out with ammonia, 
and precipitated with magnesia mixture, then al
lowed to stand over night, filtered the next morning 
and washed with distilled water containing a little 
ammonia. The precipitate and filter were then dried, 
ignited, weighed and the phosphoric acid determined 
in the usual way. The percentages given represent 
averages of closely agreeing duplicates for each soil 
both ignited and unignited.

T a b le  I .— P e r c u n ta c .e s  P2O3.
Soil N'o. 1 2 3 4 5

lim ited ....................................... 0 .410 0 .150 0 .090 0.167 0.151
N ot ig n ited ............................... 0 .460  0.250 0.130 0.191 0 .190

The data given in Table I leave no room tor doubt 
as to the effect of ignition on soil phosphates as ex
isting in various soils. In most cases the loss in per
centage is not very' great, but it is alwayrs definite 
and in some cases, as in soil No. 2, it is quite marked. 
In practically all cases the duplicates agreed within 
one hundredth of a percent. We obtain therefore 
the very reverse effect of ignition on the soil phos
phates as existing in the soil, from that obtained by 
Fraps on mineral phosphates as existing in minerals. 
In brief, ignition of soil appears to decrease appreci
ably anti definitely' the solubility of its phosphates 
whether they be largely inorganic or organic. The

large variety of soils employed would seem further 
to strengthen the evidence, in that they doubtless 
contained largely varying proportions of inorganic 
and organic phosphates and a large variety of phos
phate bearing minerals.

Just why these important differences exist in the 
effects of ignition on phosphates in minerals and in 
soils is an explanation that is not as easily found 
as the facts which obtain in the case. It would ap
pear to be clear that the increased solubility of the 
phosphoric acid in minerals like wavellite, variscite 
and others tested by Fraps might be accomplished 
through the mechanical changes induced by the heat 
in the mineral employed. We know for example 
that heating of sand will disintegrate its grains and 
thus produce more surface. It is altogether likely 
that the same happens when a phosphate mineral 
is ignited and the result is the production of a larger 
surface for the nitric acid to act upon, hence an in
crease in solubility of phosphoric acid in the ignited 
over the unignited mineral. On the other hand, 
in a complex material like the soil, which contains 
besides many kinds of mineral and rock particles in 
different stages of disintegration, very considerable 
quantities of organic matter, both decaying and in 
living form, and the minerals and salts in different 
degrees hydrated, it is probable that the mineral 
particles would be protected from disintegration by 
heat so long as the water of hydration and the organic 
matter still remained in the soil; therefore no additional 
surface would be exposed to the action of the" acid 
and besides, the dehydration of the organic, as well 
as inorganic phosphates, would seem to make them 
less soluble. Indeed I have data to show that de
hydration without ignition also decreases the solu
bility of the soil phosphates. This explanation is 
offered by the writer for the facts noted, merely as a 
suggestion as to the phenomena probably occurring 
when mineral phosphates and soils are heated, as re
gards their phosphate content. It  is hoped that an 
explanation or further suggestions will be forthcoming 
from my colleagues. This brief paper is offered merely 
as a partial report on one phase of the subject of the 
determination of phosphoric acid in soils, the whole 
of which is now being studied in our laboratory. Other , 
interesting data besides that mentioned has already 
been obtained which we hope to include in another 
paper in which the whole subject will be treated more 
completely.

S oils R esearch  Labo ratory ,
U n iv e r sit y  of Ca lifo r n ia , B e r k e l e y .

TH E DETERMINATION OF HUMUS IN HAWAIIAN SO IL.1
B y  W . P . K elley  a n d  W m . McG eorge .

Received May 31, 1912.

In the determination of humus in soils, the difficulty 
of completely' separating the clay from the ammonia 
soluble organic matter has been appreciated for some 
time. Certain constituents occurring in varying 
amounts in clays hold water of hydration which cannot 
be completely driven off at temperatures below the

1 Published in detail as Press Bulletin  No. 33, H awaii Experim ent 
Station.
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point of partial decomposition of the organic matter 
and, since humus is estimated from the loss upon 
incinerating the residue obtained by evaporating the 
ammoniacal extract, the importance of completely 
removing the clay is at once apparent In soils 
containing relatively small amounts of clay, this 
separation is usually a matter of comparative ease,

a red color. In connection with humus determinations 
it is important to know not only the proportion of 
clay in the soil, but also something regarding its 
properties, for clay is a sort of general term when 
applied to soils and usually has reference only to the 
size of the particles.'

In this investigation the following methods have
Ta ble  I.— Mechanical A n a lyses op  Soilso U sed  in  E x p erim en ts (P ercentag es).

S o il N u m b e r s . 69 74 97 98 99 100 101 102 103 104 108
Organic m a tte r and combined w ater... . 4 4 .6 0 2 5 .83 14.32 13.65 15.80 15.55 13.06 14.67 17.58 16.17 15.55
Pine g rav e l................................................... 5 .9 4  1 0 .0 9 0.12 0.86 0.41 0 .1 4 0 . 2 9 0 .06 0 .0 9  I

0 .9 6
Coarse san d ................................................... , 2 6 .7 2  1 0 .4 3 0 .4 3 0 .7 3 1 .65 0 .5 0 0 .91 0 .2 6 0 . 4 2  J
Pine san d ....................................................... 8 .6 5 3 8 .0 3 1 .62 2.11 2 .35 1 .65 1 .33 1 .12 0 .8 1 2 .3 6 13.58
vSilt........................................................................ 4 . 0 7 16.22 3 .3 7 3 .0 6 9 .2 8 6 .7 2 6 .2 3 7 .38 5 .6 0 6 . 4 4 6 .2 5
Fine s i l t .......................................................... 5 .0 9 19.99 2 7 .1 9 2 6 .3 2 3 2 .6 9 18.45 2 8 .8 8 18.87 22 .7 0 29.07 13.35
C lay ................................................................. 5 .7 8 2 .05 5 2 .3 0 55 .05 3 8 .6 0 57 .80 4 7 .4 5 5 7 .8 0 5 6 .7 2 4 4 .5 4 51 .26

while heavy clay soils present difficulties in varying 
degrees, depending largely on the specific nature of 
the constituents contained in the deflocculated clay.
Ordinary filtration is ineffective.

A number of methods have been proposed for this 
determination. In some investigations in this labora
tory, we have had occasion to compare some of the 
better known methods with soils representing a wide 
range both as regards mechanical composition and 
humus content. The soils under investigation for 
the most part represent heavy clays of the laterite 
class, such as constitute the main body of the arable 
lands of the Hawaiian Islands. In addition, the clay 
is composed of particles in a very fine state of division

T ahli» II .— Comparison op  S everal  Methods in  P re se n t  U s e .

been used. Hilgard, Mooers-Hampton, Huston-Mac 
Bride or official, Cameron-Breazeale, and Rather. 
In all the determinations reported in this paper, ex
cept those by the Hilgard method, the solutions were 
made according to the official method. Since the chief 
obstacle to be overcome is that of removing the clay, 
the humus ash has been determined in each instance. 
By this means we were able to check the completeness 
of the removal of the clay. Table II  shows the 
results as obtained by the several methods studied.

These results show a wide range of variation in the 
percentage of both humus and humus ash when de
termined by the various methods, and in addition a 
strict concordance is not found to exist between the 

( P er c entag es .)

69 74 97 98 99 100 101 102 103 104 108

So il  N u m ber s . Humus.
Official m e th o d ....................................................... 4 . 3 0 5 .9 4 5 .1 2 6 .3 8 4 .6 4 4 .3 4 6 .3 1 3 .5 4
H ilgard m eth o d ...................................................... 15.63 5 .2 6 2 .4 3 2 .6 1 3 .6 8 2 .9 5 2.71
M ooers-Ham pton m ethod ................................... 18.74 5 .3 2 2.68 2 .7 0 3 .1 7 2 .32 3 .7 2 3 . 2 0 3 .7 2 2.68 3 .8 4
Cam eron-Breazeale m e th o d ............................... 12 .3 0 3 .9 8 2 .3 4 2 .3 8 . 2.91 2 .2 4 2 .8 5 2 .2 4 2 .9 4 2 .3 6 2 .2 9
R ather m e th o d ......................................................... , 20 .75 6 .4 9 4 .3 2 4 .1 5 5.01 6 .0 3 5 .6 4 4 .3 8 5 .9 5 4 .8 1 8 .2 4

H um us Ash.

Official m e th o d ........................................................ 13.25 2 0 .9 2 10.54 3 3 .2 0 15.18 13.15 2 5 .4 2 7 .6 7
H ilgard m eth o d ........................................................ 5 .4 4 1 .85 2 .4 6 2 .5 6 2.00 4 .2 8 1 .82
M ooers-Ham pton m ethod ................................... . 6 .3 3 1.3 3 0 . 6 0 0 .8 4 0 .6 5 0 .4 1 1.52 1 .70 0 .9 8 1.17 0 .4 4
Cameron-Breazeale m e th o d .................................. 1 .09 1.81 0 .2 8 0 .7 4 0 .33 0 .3 3 0 .3 1 0 . 3 0 0 .5 7 0 . 2 3 0 . 4 6
R ath er m eth o d ......................................................... 7.71 2.51 12 .94 11 .43 10.40 2 5 .6 9 17.61 10.28 2 0 .4 9 12.7 4  3 2 .6 9

and possesses properties which render its separation results as obtained by any two methods. The re-
from ammoniacal solutions extremely difficult. A 
few samples of highly organic soils have also been 
examined As will be seen from the tabular results, 
the humus content1 varies from 2.64-18.27 per cent.

The type of soil, especially as regards the percentage 
of clay present, appears to determine in considerable 
measure the applicability of certain methods now in 
use for the determination of humus. The mechanical 
composition of the soils used in this investigation is 
therefore of some interest in this connection’ (Table I).

Attention is called to the high content of clay and 
fine silt in all of these soils save Nos. 69 and 74. One 
of the pronounced characteristics of Hawaiian soils 
is a very high content of iron which exists in many 
cases as ferric hydrate and which imparts to the soil

1 In  th is  paper the  term  “ hum us” is used to  signify the  organic m atte r 
of soils soluble in 4 per cent, solution of am m onia a fte r rem oving the calcium 
and m agnesium  with dilute hydrochloric acid.

2 Analyses m ade by the m ethod as outlined by H all, “ The Soil,” 
London, 1908, Second Edition, page 51,

suits obtained by the Hilgard, Mooers-Hampton, and 
Cameron-Breazeale methods, it is true, arc in fair 
agreement in certain instances, but on the whole, 
they are too discordant to permit of their indiscriminate 
use. B y reference to the data for humus ash, it will 
be seen that none of these methods save that of 
Cameron-Breazeale affected a complete removal of 
the clay in every instance, but this method, when used 
in its original form, is known to bring about a loss of 
humus through the absorbing action of the clay filter. 
The Rather method in most instances brought about 
no coagulation of clay whatever and therefore, in its 
original form, is unreliable with these soils. In our 
use of the Mooers-Hampton method it was found to 
be necessary to evaporate the humus solutions to dry
ness in some instances as many as six times, allowing 
the residue to bake on the water bath for several 
hours and even then, upon resolution in ammonia, a 
partial deflocculation of the clay was unavoidable.
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In the main, however, this method can be manipulated 
so as to remove the clay at least to a point where it 
is of small importance. The time required, together 
with the fact that the evaporation must be made in 
an atmosphere free from acid fumes, makes the method 
tedious and impracticable. From our studies on these 
soils and others, it appears that a partial explanation 
for the disagreement among the several publications 
dealing with the subject of humus determinations, is 
probably to be found in the fact that the soils studied 
were very different in composition and properties. 
With certain soils a number of these methods will no 
doubt give reliable results.

A M O D IF IE D  CLAY F IL T E R  M ETH O D .

From the failure to remove the clay effectively by 
any means other than by the use of a porous clay 
filter, attention was directed toward overcoming the 
difficulties attending its use. The essential feature 
of the method, as finally adopted, consists in passing 
a definite aliquot of the humus solution through the 
filter follow-ed by dilute ammonia solution until all 
the organic matter is washed through, as was done 
by Alway, et al. 1

The difficulties of this method have been overcome 
as follows. The solution is drawn through the filter 
in the opposite direction from that ordinarily em
ployed. Instead of using the compression chamber,

the upper portion of the tube with paraffin, so as to 
prevent the passage of thfi'solution except in the lower 
half of the tube. Otherwise the solution will pass 
down the sides of the bell jar.

A 50 cc. aliquot of the humus solution, representing 
1 gram of soil, is drawn through the tube by means of 
reduced pressure, the filtrate being collected in a 
cylinder After this aliquot has passed through, a 
4 per cent, of ammonia is then drawn through as long 
as it shows any color; usually about 200 cc. arc re
quired. The filtrate and washings are then evaporated 
to dryness and the determination completed as usual. 
After each filtration, the clay should be washed out 
of the filter tube. For this purpose, a test tube brush 
was found to be serviceable.

The time required to complete a filtration was found 
to be about 3V2 hours and by arranging a number of 
filterihg jars in a series, an ordinary Richardson purrijj 
provided suction for at. least three filters. With 
close fitting connections, it is probably possible to 
operate six filters with one pump. No attention is 
required other than an occasional moment for pouring 
in solutions and hence the filtration can be carried out 
along with other work without interruption. For the 
sake of comparison, the results obtained by the pre
viously named methods and the modified clay filter 
method are submitted in Table I I I .

T \ ble  I I I .— Com parison of S everal  Methods w ith  th e Mo dified Clay F ilter Method (P e r c entag es).

69 74 97 98 99 100 101 102 103 Í04 108
S o il  N u m b e r s . H um us.
Official m eth od ............................ 4 .3 0 5 .9 4 5 .1 2 6 .3 8 4 .6 4 4 .3 4 6 .3 1 3 .5 4
llilg a r d  m eth o d .......................... .................................  15 .63 5 .2 6 2 .4 3 2 .61 3 .6 8 2 .9 5 2 .71
M ooers-H am pton m e th o d .. .,.................................  18 .74 5 .3 2 2 .6 8 2 .7 0 3 .1 7 2 .3 2 3 .7 2 3 .2 0 3 .7 2 2 .6 8 3 .84
C am eron-Breazeale m eth od . ..................................  12 .30 3 .9 8 2 .3 4 2 .3 8 2 .91 2 .2 4 2 .8 5 2 .2 4 2 .9 4 2 .3 6 2 .2 9
R ather m eth od ............................ .................................  2 0 .7 5 6 .4 9 4 .3 2 4 .1 5 5 .01 6 .0 3 5 .6 4 4 .3 8 5 .9 5 4 .81 8 .2 4
M odified c lay  filter m e th o d .. ................................. 18 .27 5 .7 5 # 2 .6 4 2 .8 1 3 .8 4 3 .4 8 3 .61 3 .3 7 4 .7 4 3 .2 2 3 .3 1

H um us A sh.
Official m eth od .......................... 13 .25 2 0 .9 2 10.54 3 3 .2 0 15 .18 13.15 2 5 .4 2 7 .6 7
H ilgard m eth o d ........................ .................................. 5 .4 4 1 .85 2 .4 6  • • 2 .5 6 2 .0 0 4 .2 8 1 .82
M ooers-H am pton m eth o d -----.................................. 6 .3 3 1 .33 0 .6 0 0 .8 4 0 .6 5 0 .41 1 .52 1 .70 0 .9 8 1 .17 0 .4 4
C am eron-Breazeale m eth od . .................................. 1 .09 1 .81 0 .2 8 0 .7 4 0 .3 3 0 .3 3 0 .31 0 .3 0 0 .5 7 0 .2 3 0 .4 6
R ather m eth o d .......................... ..........*......................  7 .71 2.51 12.94 11 .43 10 .40 2 5 .6 9 17.61 10.28 2 0 .4 9 12.74 3 2 .6 9
M odified c lay  filter m eth od  . . .................................  2 .1 4 2 .1 9 0 .5 4 0 .7 5 0 .5 7 0 .6 4 0 .7 8 0 .7 0 1 . 12 0 .7 6 0 .9 9

an ordinary suction pump was employed. The tube 
of glazed porcelain attached to the lower .end of an 
8-inch Pasteur-Chamberland filter was broken off,? so as to

leave .the end of the 
tube- open, then the 
tube was inserted 
into the upper open
ing of a bell jar, 
such as is used for 
filtering under suc
tion, in a manner 
similar to that em
ployed in the use 
of a Gooch crucible. 
A large part of the 
tube was allowed to 

extend into the filtering jar and the connection made air 
tight (Fig. 1). It was also found desirable to coat

1 Nebraska Experim ent S ta tion . Bulletin  115.
2 A Pasteur-C ham berland filter having no tubu la r would no doubt 

serve for th is  purpose.

From these data, it is obvious that the modified 
clay filter method gives results higher than those ob
tained by any other than the official and Rather 
methods, neither of which can be relied on with 
Hawaiian soils. B y  any of the previously used 
methods, it was found to be extremely difficult to 
obtain concordant results even with the same soil 
extract, while by the modified clay filter method, 
concordant results were easily obtained from separate 
extractions and in each instance the humus ash had 
a gray color, indicating the complete elimination of 
the clay.

The failure of the Rather method and other means of 
coagulating clay in Hawaiian soils is undoubtedly 
due to the peculiarities of the clay itself. Some humus 
solutions in which ammonium carbonate affected an 
incomplete coagulation of the clay were treated ac
cording to the Rather method and the coagulated 
and uncoagulated clay analyzed. The former appears 
to be made up of a mixture of ferric hydrate and
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silicate of aluminum, while the latter contains relatively 
more silica and iron and correspondingly less aluminum. 
In some instances it was found that a coagulation 
could be affected by the use of larger amounts of 
ammonium carbonate, while in other cases, as much 
as 40 grams per liter failed to produce coagulation. 
B y  the use of still larger amounts of ammonium car
bonate, a partial precipitation of humus also took place.

Co ntr ibu tio n  N o . 5, H aw a ii E x p e r im en t  S tatio n ,
H 6 no lu lu .

TH E COMPOSITION OF FU SEL OIL FROM B E E T  MOLASSES.
B y  M. C. B osw ell  a n d  J . L. Gooderham .

Received M ay 15, 1912.

The published proximate analyses of fusel oil are 
very few and mostly relate to the distillates from 
potatoes and corn. This arises from the fact that, 
until comparatively recent years, fusel oil from any 
source was’ regarded as more or less valueless. In 
Canada, after legislation put a premium on its de
struction, this product was allowed to run away in 
drains or used as a constituent of a cheap burning 
fluid. The numerous purposes to which it is now 
applied and for which it is indeed indispensable, have 
changed this custom, so that it has become four or 
five times as valuable as the alcohol from which it is 
separated.

The production of fusel oil from the fermentation 
of beet molasses depends industrially on a supply of 
crude material from beet sugar refineries, which did 
not come into existence on a large scale in Canada 
until about seven years ago. An alcohol plant, 
capable of handling from 30,000-40,000 tons of 
molasses per annum, was established in Toronto in 
1905, and very considerable quantities of fusel oil 
have since been produced, for which a home use, or an 
export value, has to be found.

The researches of Ehrlich' carried on since 1903 
ultimately led to the conclusion that the production 
and composition of fusel oil depend on the character 
of the substance fermented, mainly with relation to 
the quantities of leucine and isoleucine present. As 
beet molasses mash differs very widely from that from 
potatoes or grain, it might be expected that a corre
sponding difference would be noted in the quantities 
and proportions of the amyl alcohols. The particular 
composition of beet molasses fusel oil is hence a ques
tion of considerable technological importance.

The fusel oils of commerce differ very widely in 
their general characteristics, such as color, specific 
gravity and solubility in water, being influenced not 
only by the nature of the material operated on, but 
by the form of distilling apparatus, the process fol
lowed, and the care of the operator. The excise 
authorities generally look sharply after the presence 
of ethyl alcohol, and their requirements regarding this 
affect the presence of other alcohols soluble in water. 
In the United States, the official and commercial 
regulations confine the term “ crude fusel o il”  to that 
from which the lower alcohols have been so far removed 
by washing, that a loss of not more than 10 per cent, 
is realized by agitation with an equal bulk of water.

1 Sum m arized in H arden ’s “Alcoholic F erm entation ,” 1911, 75-82.

The term is thus used in this paper. Hence the per
centage of water-soluble alcohols in fusel oil will de
pend to some extent on whether the manufacturer 
has found it necessary to wash his oil in order to meet 
the excise requirements respecting ethyl alcohol.

The oil examined was amber in color. It was 
found that the substance or substances causing the 
color were soluble on shaking in dilute caustic soda. 
Traces of iron and copper were found, due probably 
to contact with these metals in the process.

The specific gravity of the sample, taken by the 
pycnometer, at 15 °  C. was 0.8370. This is some
what higher than the figures given for fusel oil from 
corn, which differ widely as stated by various authori
ties. Worden1 gives the range for ordinary samples 
of washed oil as between o 810 and 0.835. It 's ev<" 
dent that this character will be largely influenced by 
the amount of water dissolved in the oil, and also 
by the lower alcohols which have escaped the washing- 
out process.

In the fusel oil examined, the lower alcohols (ethyl, 
propyl and butyl) were roughly estimated by agitat
ing equal volumes of oil and water thoroughly in a 
measuring tube, and noting the increase in volume 
of the water layer. This amounted to 8 per cent. 
In a similar manner the amount of water was deter
mined approximately by agitating 10 cc. of the oil 
with 100 cc. of petroleum benzine and measuring the 
water layer. This amounted to 5 per cent. Then 500 cc. 
of crude unwashed fusel oil was thoroughly dried over 
anhydrous sodium sulphate and fractionated re
peatedly until the volumes of the fractions remained 
constant The result was as follows:

I. I I . I I I . IV. V. V I.
75 °-80° 80°-85° 85 °—90 ° 90°-105° 105°-115° 115°-120°
7 cc. 18 cc. 6 .5  cc. 11 cc. 22 cc. 27 cc.

V II. V III . IX . X . X I .
120°-125 ° 125°-128° 128°-130° 130°-133° residue
29 cc. 45 cc. 260 cc. 33 cc. 10 cc.
Total. 473.5 cc. W a ter , 20.0 cc. Loss, 6.5 cc.

A sa rnple of the crude oil was thoroughly agitated
with water, and the oil separated and dried: 500 cc.
of this on fractionation gave the following;

i. n. m. IV. V. VI.
7 5 °-8 0 ° 80°-85° 8 5 o-9 0 ° 9 0 ° - l10° 110°—115° 115°-120°
none none very  little 10 cc. 10 cc. 25 cc.

V II. V III . IX . X . X I.
120°-125 ° 125°-I28° 128°-130° 130°-133° residue
40 cc. 75 cc. 278 cc. 51 cc. 10 cc.
T otal. 499 cc. Loss 1, cc.

On comparing the results of the two fractionations 
it will be noted that fractions I, II and III  have prac
tically disappeared from the washed oil. These were 
identified, as will be shown later, as lower alcohols 
which are more or less soluble in water.

Although the boiling points indicated the particular 
alcohols which were present in the various fractions 
it was decided to substantiate this by transforming 
the alcohols into esters. On examining the literature, 
it was found that the esters of acetic acid were more 
completely described than those of any other acid, 
and consequently served best for purposes of identifica
tion. Action with acetyl chloride alone was found

1 W orden, .VUro-ceUulose Industry . 1, 208.
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to be unsatisfactory, yielding a mixture in each case 
difficult to fractionate, and always leaving a high 
boiling residue, indicating that the reaction was not 
one of simple esterification alone.

The method of Einhorn1 was adopted and proved 
very satisfactory.

Accordingly 10 grams of each fraction were dissolved 
in about 60.grams of pyridine, and a little more than 
the theoretical quantity of acetyl chloride was added. 
After standing for 6-8 hours the mixture was poured 
into cold dilute sulphuric acid. The ester which 
separated as an oil was dried over anhydrous sodium 
sulphate and fractionated.

The following were the results:
Fraction J  (75°-8 o °).— See table.—The boiling point indica

ted ethyl alcohol, which was confirmed by the iodoform reac
tion.

Fraction I I  (8o°-85°).-—The b. p. indicated the prcsenec 
of isopropyl alcohol— b. p. 8 2 .8 °. The ester on fractionation 
boiled chiefly at 90 “-9 4°, the boiling point of isopropyl acetate. 
This fraction was hcnce largely isopropyl alcohol.

The toiling points of fractions 111 and IV , as well as frac
tions V II  and V II I  made it difficult alone to decide with cer
tainty as to the particular alcohols present. However, upon 
transformation into acetic esters, and careful fractionation, it 
was found possible to identify them.

Fraction I I I  (&S°~90°).— As this fraction was very small, 
it was csterificd and added to the ester from fraction IV.

Fraction I V  (90 “- 10 5  °).— The ester distilled chiefly between 
i i o ° - i 2 o 0. I t  was hcnce the isobutyl ester—b. p. i i 5 - ° i i 7 ° .  
A  little isopropyl, and traces of amyl esters, were also detected.

Fraction V  ( io 5 ° - i i5 ° ) .—The b. p. indicated the presence 
of isobutyl alcohol—b. p. 108°. The largest portion of the ester 
was recovered at I I 0 0 - I 2 0 ° ,  the temperature being very con
stant a t r i 5 ° - i i 7 ° ,  indicating isobutyl ester. A  very' small 
quantity of normal butyl ester, with a boiling point of 12 5 0, 
was obtained. This fraction hence consisted chiefly of isobutyl 
alcohol with some normal butyl alcohol.

Fraction V I  ( i i5 ° - i2 0 ° ) .—The b. p. indicated the presence 
of normal butyl alcohol—b. p. 1 1 7 0. The main portion of the 
ester came over a t 120 ° to 130 0; mostly at 125 °, the boiling point 
of the n. butyl ester. Some methyl normal propyl earbinol 
ester, with a  boiling point of I 3 3 ° - I3 5 ° ,  was recovered also. 
This fraction hence consisted chiefly of n. butyl alcohol with 
some methyl normal propyl earbinol.

Fraction V II  ( i2 0 ° - i2 5 °) .—The ester of this fraction on 
distillation separated very sharply into two fractions, the larger 
with b. p. I 3 3 ° - I3 6 °  indicating methyl normal propyl earbinol 
ester, and the smaller with b. p. I38 °~ i39 ° indicating isoamyl 
ester. Hence, this fraction consisted chiefly of methyl n. propyl 
earbinol with some isoamyl alcohol.

Fraction V I I I  ( i2 5 °- i2 8 °) .—A  small portion of ester came 
over between 130 ° and 137 °, containing some methyl n. propyl 
earbinol ester. The largest fraction, which was very' constant, 
distilling between 137 -14 0 ° , represented the isoamyl ester. 
This fraction was chiefly isoamyl alcohol, with a little methyl 
«. propyl earbinol.

Fraction I X  ( i2 8 °- i3 0 °) .— The b. p. indicated the presence 
of active am yl alcohol, b. p. 12 8 .5  Practically all the ester 
came over between 1 4 1 0 and 142 being the boiling point of 
active am yl ester, with a small amount of the isoamyl ester, 
which boils a t i3 7 ° - i4 o ° . This fraction was hence chiefly 
active amyl alcohol, with a small amount of isoamyl alcohol.

Fraction X  ( 13 0 ° - i 3 3 ° ) .—The b. p. indicated the presence 
of isoamyl alcohol, b. p. 1 3 1 . 5 ° .  Practically all the ester came 
over between I38 °-I4 0 °, proving it to be the isoamyl ester,

1 Liebig's Annatcn, 301, 95 (liinhora).

with a small quantity of active am yl ester. This fraction hence 
consisted of isoamyl alcohol with some active am yl alcohol.

The Residue (X I), which amounted to 10 cc., was placcd in a 
small flask and distilled. About 8 cc. came over below. 150 °; 
a very little up to 18 0 °; and about i l/ i  cc. was left in the flask. 
This last residue appeared to have decomposed with the produc
tion of brownish vapor. The 8 cc. that came over was esteri- 
fied and the ester fractionated, and found for the greater part, 
to distil between i3 5 °- i4 O 0, being the boiling point of the iso
amyl ester. T hat which was collected a t I4 0 °-I50 °, and was 
fairly constant between 14 1 “- 14 2 ° , was the active am yl ester. 
Very little came over above 150 °, but if a sufficient quantity 
had been available, would probably have been found to consist 
of the hexyl and heptyl esters. This residue hence consisted 
of isoamyl alcohol and active am yl alcohol, with probably small 
quantities of higher alcohols.

There were no semi-solid substances observed toward the end 
of the operation as has sometimes been the case with fusel oil 
from corn.

Ten grams of fusel oil were titrated against a standard potash 
solution using phenolphthalein as the indicator. 100 grams of 
fusel oil contained 4 .5  cc. normal acid. This is equivalent to 
o . 5 per cent, free acid in the oil, calculated on C5H n— COOII 
as a  basis.

Ten grams of fusel oil were boiled with 75 cc. of 0 .5  N.KOH  
for one hour, under a  reflux condenser. After cooling, the ex
cess of alkali was titrated against standard acid.

One hundred grams of oil contained 18 .4  cc. of normal free 
acid and acid from esters. Of this quantity, 4 .5  cc. were free 
fatty  acids, while the balance ( 13 .9  cc.) represented the acids 
from the esters. Using CjH uCOOCjH j ,, the am yl ester of cap- 
ronic acid, as a  basis for calculation, this is equivalent to 2 .5  
per cent, ester in the oil.

The bases present in the oil were separated in the usual 
manner. The amount was too small for purification and esti
mation. However, the distinctive odor of pyridine wras recog
nized.

Furfurol could not be detected.
Consequently, “ the composition of fusel oil from 

beet molasses”  may be summarized as follows:
Cc. from 500 cc. Per cent.

E th y l alcohol.........................................................................  5 1
Isopropyl alcohol.................................................................. 20 4
Isobu ty l alcohol......................... ................... ...................... 30 6
n. B u ty l alcohol....................................................................  30 6

i M ethyl n. propyl earbinol.................  40 • 8
Active am yl alcohol ................ 210 42

Isoam yl alcohol....................................  130 26
F a tty  acids................................................................................. 2 .5  0 .5
Ivsters of the fa tty  acids ........................................................ 12.3 2 .46
Pyrid ine and o ther bases................................................... P resen t , P resent
H exyl alcohols, e tc .............................................................  Traces Traces

479 .8  95.96
W ater........................................................................................ 2 0 .0  4 .0 0

T o ta l...................................................................  499 .8  99 .96

This composition does not present any marked 
difference of practical importance from that given for 
com by LeBel,1 and largely quoted, which is as fol
lows :

P er cent.
N orm al p ropyl alcohol...............................................  3 .6 9
Isobu ty l alcohol...........................................................  15.76
Amyl alcohols.............................................................  75.85
H exyl alcohols..............................................................  0 .13
Free fa tty  acids............................................................  0 .16
F a tty  acid esters ......................................................... 0 .3 0
Tcrpines and terp ine h y d ra te s .............................. 0 .0 8
Furfurol, hep ty l alcohol and b a se s . ................  0 .02

95.99
1 M aercker's “S p iritusfabrication ,” p. 53,
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The amount of total amyl alcohols, which, in
dustrially, is the chief poirit, shows a difference of 
only 0.15 per cent. The respective figures for butyl 
alcohols differ by 3.76 per cent., though the propyl 
closely corresponds. This is, however, of little im
portance, as it shows only that one sample of oil was 
washed more than the other.

T o r o n t o , C a n a d a .

D IFFICU LTIES IN TH E COLORIMETRIC ESTIMATION OF 
VANILLIN.1

B y  W . S. H u b b a r d .

R eceived  J u ly  19, 1912.

Moerk,3 in 1891, found in testing for vanillin that 
he had some difficulty in always obtaining the ferric 
chloride color reaction, and tried using a ferrous salt 
and oxidizing it with bromine water. In the latter 
case, he found the color much more intense than with 
ferric chloride and was able to detect 1 : 100,000 
instead of 1 : 2,000 as before. In a paper* a month 
later he proposed a colorimetric estimation of vanillin 
in vanilla extracts by this means and his method with 
a few modifications was later adopted by the Bureau 
of Chemistry.-1 The procedure is as follows:

"Measure 2 cc. of the vanilla extract into a test tube 
and add about 5 cc. of lead hydrate; mix thoroughly, 
pour upon a small wet filter, collect filtrate and wash
ings in a 50 cc. graduated Nessler tube; add an excess 
of bromine water (3 or 4 drops) and sufficient freshly 
prepared 10 per cent, ferrous sulphate solution to 
produce the maximum bluish-green color that will 
result if vanillin is present, and fill to the mark, with 
water.”

“ Compare with solutions containing a known amount 
of vanillin treated as directed above.”  The lead 
hydrate is prepared as follows:

“ Dissolve 200 grams of lead acetate in 850 cc. of 
water, filter and add an excess of potassium hydroxide. 
Let the precipitate settle and wash thoroughly by 
décantation with repeated portions of water until 
perfectly neutral. Keep in 500 cc of water in the 
reagent bottle, and shake to form an emulsion-like 
mixture before adding to decolorize.”

The above method has been used in this laboratory 
with indifferent success for the past two years. Not 
until this year were the standards put through the 
treatment with lead hydrate as is directed in the 
method: then the troubles quickly multiplied. It was 
noticed that it was not always possible to match two 
standards containing the same amount of vanillin and 
treated in a like manner. An attempt was made to 
locate the trouble by means of a number of experi
ments.

Four cc. each of three solutions of vanillin standard 
made up according to the directions given in Bulletin 
107, but containing 0.05, 0.10 and 0.20 gram of vanillin 
per 100 cc. respectively, were treated with lead cream, 
centrifuged and filtered, ferrous sulphate and bromine

1 R ead a t th e  Feb ruary  m eeting of U niversity of Michigan Section of 
the A. C. S. I wish to  thank D ean J .  O. Schlotterbeck for his interest in 
m y work.

2 A m . J .  Pharvi., 63, 521.
3 Ibid.. 572.
* Hull. 107, (revised) p. 157.

added, and diluted to 50 cc. with water. No differ
ence in color could be noticed among the three and they 
showed about 1 / g the color of a sample of four cc. of 
the 0.05 gram in 100 cc. sol. not treated with lead 
cream. Inasmuch as lead sulphate was precipitated 
out when the ferrous sulphate and bromine were added 
it was thought possible that this precipitate mechani
cally carried down some vanillin.

"Since vanilla contains small amounts of oxalic acid 
and phosphates, 4 cc. of vanillin standard (0.05 in 100) 
was treated with 5 drops of 85 per cent, phosphoric 
acid and then with lead cream. It was not necessary 
to centrifuge as the lead agglutinated immediately, and 
on the addition of the ferrous sulphate and bromine 
water no precipitate was formed. The solution 
matched up to a standard untreated with lead except 
that it was of a purplish color. But if four drops of 
phosphoric acid were used instead of five, a precipitate 
was formed on the addition of bromine water and 
ferrous sulphate and the color did not match an un
treated standard.

A series of experiments were carried on in the same 
manner with malic acid instead of phosphoric, and it 
was found that 0.5 cc. of a 10 per cent malic acid gave 
the best results; the solution had the characteristic 
bluish green color instead of being purplish as with 
the phosphoric acid. On standing four weeks, the 
samples acquired a yellowish tinge in comparison to 
freshly prepared samples.

In the original method of Moerk1 a few drops of fer
rous sulphate are added arid then the bromine drop by 
drop to a maximum color. In the method of the 
government, however, an excess of bromine is added 
and sufficient ferrous sulphate to produce the maxi
mum color. A  number of experiments were carried 
out to see if it made any difference which way it was 
done and to find the limit in amount of ferrous sul
phate and bromine water if any. One cc. of standard 
vanillin solution (0.05 in 100) was used in all cases.

Ta b l e  I.
E xperim ent N um ber. 1. 2. 3. 4. 5.

Drops FeSO< sol. 1 2 3 4 5
Drops B r sol. 2 2 2 2 2

6.
6

Of equal intensity  
One more drop  B r sol. Increases intensity  
One more drop B r sol.

L ighter b u t equal 
In ten sity  same as 3, 4 & 5 
In ten sity  sam e as 3, 4 & 5

Experim ent Num ber. 
Drops FeSÛ4 sol.
Drops B r sol.

Ta b l e  I I .
9 10 11 12
8 9 10 11
4 4 4 4

13
12

14
13
4

15
14
4

16
15
4

Of equal in tensity  Of equal intensity  
One additional drop Br sol. All of equal intensity

T a b l e  I I I .
18 19 20 21 22 23 24

5 5 5 5 5 5 -5
2 3 4 5 6 7 8

Experim ent N um ber. 17 
Drops B r sol. 5
Drops FeSO.» sol. 1

No color D arkest and  equal L ighter and equal
It was found that after obtaining the maximum color 

in the above tests and then diluting to 50 cc. with water, 
it was necessary in every case to add at least 2 drops 
more bromine water to bring the color up to a maximum, 
and this could not be accomplished by adding the extra

2 A m . J . Pharm., 63, 521.
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2 drops of bromine water before diluting. When the 
bromine water was added first and the color developed 
with ferrous sulphate and diluted, a deeper color could 
not be obtained by the addition of more bromine 
water (Table III) . It was noted too that those 
which had a larger proportion of ferrous sulphate 
gave the deeper color, a fact also noted by Fliickiger 
and Nagelwort.' In those in which the bromine was 
added first (Table III) the color was not nearly as 
deep as in those in which ferrous sulphate was added 
first (Table I). It was found that it took 2.5 cc. of 
the vanillin solution (o 05 in 100) when bromine water 
was added first, to equal 1 cc. when ferrous sulphate 
was added first.

One cc. of pyrocatechuic acid (equivalent to the one 
cc. of vanillin) and 2 drops of ferric chloride added 
gave the same depth of color as 1 cc. of vanillin when 
treated with ferrous sulphate and bromine water.

Carles2 in 1872 and Tiemann-* and Haarmann in 
1874 showed that a water solution of vanillin gave a 
precipitate, soluble in hot water, with a concentrated 
solution of lead acetate. The lead salt has the formula 
(C ,H ,0 3),Pb. In trying lead acetate and also lead 
nitrate solutions we were unable to get any precipitate 
with a water solution of vanillin of the strength usually 
met with in extracts. When, however, the clear, neutral 
filtrate from lead cream was added-to the vanillin solu
tion there appeared immediately a yellow precipitate. 
This precipitate when dissolved gives the color with 
ferrous sulphate and bromine water. Some of the yel
lowish precipitate was extracted with ether and the ether 
evaporated, leaving a crystalline mass which responded 
to the vanillin color reaction. On standing 12-24 hours, 
colorless, rosette like crystals formed in the filtrate 
from which the yellow precipitate was filtered out. 
The crystals were soluble in hot water and when 
massed together in some quantity had a yellow color 
similar to the first precipitate.

A number of analyses were made of the precipitate 
which comes down immediately and were as follows: 
The precipitate was dissolved in a little dilute acetic 
acid and hydrogen sulphide passed in, the lead sul
phide washed, dried and weighed as such.

R esu lts.

W t. of lead W t. of PbS. Pb(C*H703)2.
vanillin . Gram. Gram . Pb.

Theoretical. 0.357 1.724
A 0.09695 0.0626 1.771
B 0.1238 0.0858 1.666
C 0.0946 0.0732 1 .48
D
i '

0.1130 0.0864 1 .50
IV
F 0.0642 0.0370 1 .98

Average, 1.687

The filtrate from the lead showed a strong color 
reaction for vanillin.

C O N C L U S IO N .

In the official colorimetric estimation of vanillin 
in vanilla extracts, it is difficult to get a maximum 
color.

The original method of adding the ferrous sulphate
1 “ R eactions,'’ p. 152, by Fliickiger.
2 Bull. soc. c h in ., 17, 2.
3 Ber. Chem. Ceos.. 7, 614.

first gives a deeper color than that of the present 
method when the bromine is added first.

In a vanilla extract it is very difficult to add only 
enough lead cream to decolorize the solution and when 
different amounts of lead cream are used different 
depths of color are obtained.

Dilution of the sample influences the color.
It is shown that much arger amounts of ferrous 

sulphate are necessary in comparison with bromine 
water to produce a maximum color.

It is shown that the lead cream forms a lead vanillin 
compound of the formula (CeH,Oj)jPb and such being 
the case a quantitative estimation is impossible where 
lead is used.

It seems quite likely that the vanillin is oxidized 
to pyrocatechuic acid.

D epartm ent  of  F ood a n d  D rug  A n a l y sis ,
S chool o f P harm acy, U n iv e r sit y  o f Mic higa n ,

A n n  A rdor .

A NEW COLORIMETRIC METHOD FOR TH E DETERM IN
ATION OF VANILLIN IN FLAVORING EXTRACTS.

B y  Otto  F o lin  a n d  W . D e n is .
R eceived  Ju ly  1, 1912.

As the Hess-Prescott method for the determination 
of vanillin, which in the modified form proposed by 
Winton and his associates1 is now universally used in 
American food laboratories, is extremely laborious, 
although undoubtedly accurate, it has seemed worth 
while to attempt to work out a rapid colorimetric 
method for use in this determination.

The time spent at present by the food analyst on the 
quantitative determination of vanillin in flavoring 
extracts is out of all proportion to the value of the 
results when judged by the weight given them in 
passing judgment on the quality of commercial ex
tracts.

By the use of the phosphotungstic-phosphomolybdic 
reagent recently described’ we have been able to work 
out a colorimetric method for the determination of 
vanillin which gives theoretical results with purely 
artificial extracts containing known amounts of . the 
substance, and gives with authentic extracts values 
agreeing closely with those obtained by the official 
method.

Solutions Required.— (i) An aqueous solution of 
pure vanillin to be used as a standard. This should be 
made of such a strength that 10 cc. contains one 
mg. of vanillin.

(2) The phosphotungstic-phosphomolybdic acid re
agent, prepared as follows: To 100 grams pure 
sodium tungstate and 20 grams phosphomolybdic acid 
(free from nitrates and ammonium salts) add 100 grams 
syrupy phosphoric acid (containing 85 per cent. 
H jP O J and 700 cc. water; boil over a free flame for 
one and a half to two hours; then cool, filter if neces
sary, and make up with water to a volume of 1 liter 
An equivalent amount of pure molybdic acid may be 
substituted for the phosphomolybdic acid.

(3) A  solution of pure sodium carbonate saturated 
at room temperature.

1 J .  A m . Chem. Soc., 21, 256 (1899); 2 4 , 1128 (1902); 27 , 719 (1905).
* J .  Biol. Chem.. 12, 239 (1912).
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(4) A  solution containing 5 per cent, basic and 5 
per cent, neutral lead acetate.

Vanillin (and also other mono-, di-, and tri-hydric 
phenol compounds) when treated in acid solution with 
the phosphotungstic-phosphomolybdic reagent above 
described gives on the addition of an excess of sodium 
carbonate a beautiful deep blue color admirably 
suited for quantitative colorimetric work.

A t first an attempt was made to prepare the color 
directly from the untreated extract it was found, 
however, that this gave too high results, due probably 
to the fact that the tannin and tannic acid present in 
all true vanilla extracts also react with the reagent.

The following procedure has therefore been devised 
and has given admirable results with a long series of 
extracts: 5 cc. of the vanilla extract to be examined 
are transferred by means of a pipette to a 100 cc. 
volumetric flask and about 75 cc. cold tap water are 
added: 4 cc. of the lead acetate solution are then poured 
in and the mixture made up to volume with water.

The contents of the flask are then rapidly filtered 
through a folded filter paper, and 5 cc. of the filtrate 
are transferred by means of a pipette to a 50 cc. volu
metric flask. In another 50 cc. volumetric flask is 
placed 5 cc. of the standard vanillin solution; then 5 
cc. of the phosphotungstic-phosphomolybdic reagent 
is added to each flask, the reagent being allowed to 
run down the neck of the flasks in order that any 
vanillin adhering thereto may . be washed down. 
After shaking, the flasks are allowed to stand for five 
minutes and are then filled to the mark with saturated 
sodium carbonate solution. After inverting ihe flasks 
two or three times, in order that the contents may 
become thoroughly mixed, they.are allowed to stand 
lor 10 minutes, by wihch time the precipitation of 
sodium phosphate is complete. The contents of the 
flasks are then rapidly filtered through a folded filter 
paper and the color of the resulting clear deep blue 
solutions compared by means of a Dubose colorimeter. 
The standard solution is best placed at 20 mm. as 
experiment has shown that the color produced by the 
amount of vanillin contained therein (1 mg. in 100 cc.) 
is most accurately and easily read at this point.

In this, as in all other colorimetric methods, a slight 
cloudiness of the solution to be read, by cutting off 
more light than the standard, gives a reading much 
too low, with correspondingly high results; consequently 
no solution should be read which is not absolutely 
clear after filtration.

The calculat on of the results is not complicated. 
When 5 cc. of the solution (previously diluted 5 : 100) 
is taken, this corresponds tjp 0.25 cc. of the original 
solution. If 10 cc. are taken they correspond to 0.5 cc. 
of the original. Since 0.5 mg. vanillin is used as a 
standard and with the standard set at 20 (mm.), 
0.5 X 20/R =  X  where R  is the colorimeter reading 
of he unknown and X  is the amount of vanillin in 
mgs. present in the volume of the original extract 
used in the final color comparison: 100 X  divided by 
the volume of extract taken expressed in mgs. gives 
the result in per cent.

For example, if 5 cc. of the diluted and filtered

solution gave a reading of 18 mm. the result, would be 
0.5 X 20/18 =  0.555 mg-l SS 5 25 °  =  0.22. Hence
0.22 per cent, vanillin.

As outlined above, an analyst familiar with the 
method can in one hour easily make vanillin determina
tions in from ten to twelve samples of vanilla extract.

Another point in favor of the. new method is that 
by its use the amount of material needed for a vanillin 
determination is reduced to a minimum, 2.5 cc. of 
extract being sufficient for from two to four duplicate 
determinations.

Besides the direct determination of vanillin, the 
colorimetric method may also be used as a check on 
the official method.

After the vanillin has been extracted with ether, 
dried to constant weight, etc., in the usual way, a more 
or less white crystalline substance is obtained which 
is usually considered pure vanillin; it is possible by 
the colorimetric method for the analyst to obtain a 
check on his results which will at once indicate to him 
whether the substance extracted and weighed is pure.

This determination is best made as follows:
Dissolve the residue in the dish in the smallest 

possible quantity of 25 per cent, ethyl alcohol, transfer 
to a volumetric flask and make up with water to such 
a concentration that 10 cc. of the solution shall con
tain 1 mg. of the residue. To 5 cc. of this solution 
add 5 cc. of the phosphotungstic-phosphomolybdic 
reagent, as described above, and compare with a 
similarly treated standard.

For successful use of the above method the following 
precautions should be noted;

Before beginning a series of determinations the 
standard solution should be placed in both cups of the 
colorimeter and the operator should satisfy himself 
that with the available light he can read the standard 
to within at least 0.2 mm. We have found that satis
factory readings can be made at night by the use of 
an ordinary incandescent electric light, the bulb of 
which is covered by a sheet of white paper. I t  be
comes even more important, however, when artificial 
light is used, that the standard solution be placed in 
both sides of the colorimeter, both prisms set at 20 mm. 
and the instrument moved about until equal illumina
tion of both fields is secured.

We have satisfied ourselves by numerous experi
ments that it is possible by this method to read 
against each other solutions containing widely varying 
amounts of vanillin (as for example, a solution con
taining 1 mg. vanillin in 100 cc. against one containing
0.5 mg. vanillin in the same vessel); as, however, in 
all colorimetric work it is a recognized fact that ac
curacy of reading is increased when the concentration 
of standard and unknown are not too widely divergent, 
it is suggested that with the standard at 20 mm. no 
reading of the unknown be accepted as final if the 
reading fall much above 15 mm. or below 30 mm. 
Should the reading obtained fall outside these limits 
a greater or less amount of the filtrate from the lead 
precipitate should be taken and the determination 
repeated.

A new portion of the standard must be prepared
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for each batch of readings made, as the color darkens 
slowly for about an hour after the addition of the alkali.

It will usually be found that twelve samples con
stitute the maximum number that can be satisfactorily 
manipulated at one time.
Vanilla  E xtracts Ma d e  in  t h e  L aboratory A ccording  to th e  

S pecificatio ns of  th e  U. S. P h arm acopoeia.
Per cent, vanillin  by

Laboratory K ind and qua lity  of beans Official Colorimetric
num ber. from which prepared. m ethod. m ethod.

1 Mexican first 0.17 0.17
3 Mexican second 0.17 0.16
6 Mexican th ird 0 .19 0 .19

10 Mexican fourth 0.19 0.19
11 Mexican fifth 0 .15 0.15
14 Bourbon first 0 .20 0 .20
17 B ourbon second 0.15 0.16
21 Bourbon th ird 0 .20 0.21
24 Bourbon fourth 0.15 0 .16
29 Bourbon fifth 0 .16 0 .16
30 Seychelles first 0 .19 0 .20
33 Seychelles th ird 0.21 0.21
37 Seychelles fourth 0 .18 0 .18
39 M adagascar second 0.23 0.21
42 M adagascar third 0.21 ' 0 .20
47 M adagascar fourth 0.24 0.24
48 Comores first 0 .19 0.19
51 Comores th ird 0 .19 0.19
54 Comores fourth 0 .12 0.13
59 Comores second 0 .25 0 .24
64 South American first 0 .23 0.25
65 South Am erican second 0 .19 0 .19
66 South Am erican splits 0 .22 0.22

Jav a  fourth 0 .23 0 .22
T ahiti 0.11 0.10
Vanillons 0 .06 0.07

Through the kindness of Dr. A. L. Winton we have 
been able to secure a large number of authentic vanilla 
extracts which were prepared from various grades of 
beans in the U. S. Food and Drug Inspection Labora
tory at Chicago. Dr. Winton has also allowed us to 
use as a control on our new method the-vanillin figures 
obtained in his laboratory on these extracts by means 
of the official method.1

Through the kindness of Mr. B. H. Smith, of the 
Boston Laboratory, and of Mr. R . S. Hiltner, of the 
Denver Laboratory of the U. S. Food and Drug In
spection Service, we have also been able to secure 
samples of the vanilla extracts sent out for cooperative 
work in 19 11  by the referee on flavoring extracts of 
the association of official agricultural chemists. Mr. 
Hiltner has also sent us the average vanillin figures 
obtained by the official method on these extracts by 
the chemists cooperating with him. In all somewhat 
more than a hundred samples of vanilla extract have 
been assayed for vanillin by our colorimetric method 
and in no case has there been any marked deviation 
from the values obtained by the official method.

Above are given a number of examples of the values 
obtained by the colorimetric method. These repre
sent b u t'a  fraction of the number of results obtained, 
but the figures agree so uniformly with those given by 
the official method that it seemed useless to take up 
more space in this connection.

Below are given results obtained with a few miscel
laneous extracts; again the vanillin figures reported 
as obtained by the official method were furnished us 
in part by Dr. Winton and in part by Mr. Hiltner.

Percentage vanillin  by

Offitial Colorimetric 
No. Prepared from: m ethod. method.
I M exican beans, 60%  alcohol and g ly ce rin e .. 0 .20  0 .20
II  B ourbon beans. 60%  alcohol and sugar

(U. S. P .) ............................................  0 .19  0 .19
I I I 1 Mexican and T ahiti beans and m aple syrup,

prune juice, synthetic  vanillin and caram el 0 .18  0.17
IV 2 25%  tonka ex tract, 75%  prune juice, 0.15%

vanillin and caram el coloring...........  0 .15  0 .16
1 A. U. S. P. ex tract.
2 An entirely  artificial ex tract.

It is a well known fact that vanillin even in fairly 
dilute solution may be precipitated by basic lead 
acetate. We have satisfied ourselves, however, that 
in the very high dilutions employed in our method no 
vanillin is precipitated by the lead.

Coumarin, extract of tonka bean and acetanilid 
give no color with the phosphotungstic-phospho- 
molybdic acid reagent; the presence of sugar, caramel, 
or glycerine does not in any way interfere with or alter 
the color formation.

B iochemical L aboratory,
H arvard  Medical  S chool,

B o sto n .

METHOD FOR DETERMINING FAT IN SUGARED 
EVAPORATED M ILK.

B y  F. C. B roem an .
Received Ju n e  8, 1912.

Ten grams of the milk are mixed with 100 cc. of hot 
water and 5 cc. CuSO( solution (Feh. St.) added and 
stirred. The ppt. contains the fat and it is filtered 
at once and washed with hot water. It is then trans
ferred to a 150 cc. beaker (after a little experience it 
can be thrown out without a particle sticking to the 
paper) and 10 cc. conc. HC1 added. Heat on hot plate 
until solution turns to chocolate brown, cool and then 
add 2-3 times volume of alcohol and extract 4 times 
with petroleum ether in separatory funnel. The 
results obtained agree with those obtained by the 
extraction methods when carried out under the most 
exacting conditions. The determination can be com
pleted entirely in one hour.

L abo ratories of  F. C. B roem an & Co..
Cin c in n a t i, Ohio .

LABORATORY AND PLANT
A NEW TYPE OF INORGANIC F IL T E R  FOR LABORATORY 

PURPOSES.
B y  M. A. W i l l i a m s o n  a n d  P. A. B o e c k .

Received Ju ly  15, 1912.

The use of porous inorganic materials for filtration
1 Bull. 107, 156 (Revised), Bur. of Chcni.

and separation of liquids and solids in quantitative 
work has been known for some time. A variety of 
materials and shapes have been employed for this 
purpose with more or less success.1

1 See F a rad ay 's  “ Chemical M anipulation,” new edition, 1830, Section 9, 
page 230, and J .  A m . Chem . Soc.. 9, 22. article by  Lucius P itk ins on 
the  “ Efficiency of Porcelain Filters.
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The work encountered in analytical operations is 
so varied in character and is subject to such extremely 
severe eonditions, that most of the materials tried 
have been found lacking in some one or more desirable 
characteristics, such as resistance to the influence 
of the re-agents employed, with the results that their 
successful application to quantitative work has been 
seriously curtailed.1

There are two general methods of using porous 
inorganic filters.

1. A finely divided material which is placed loosely 
on a perforated or porous body, permitting the passage 
of the liquids, the solid matter being retained by the 
finer voids in the filtering medium.2 Well known 
examples of this class of filter which are used for 
quantitative analytical work are sand, glass, wool, 
kaolin, clay, precipitated alumina, natural porous 
stones and infusorial earths, which may be used either 
with or without an organic material.

2. Bonding together these finely divided materials 
by means of some agglutinant which is insoluble in 
the solutions filtered and which does not occupy all 
the space between the grains or voids in the body. 
A massive but porous filtering bed is obtained which 
may be made into a variety of shapes whose filtering 
capacity can be varied by altering the size and number 
of the voids. This can be accomplished in several 
w ays; by varying

1st, the relative sizes of the particles bonded;
2nd, the proportion of the various sizes of grain used;
3rd, the percentage of bonding material used;
4th, the shrinkage of the bonding material;
5th, the addition of some material which can be 

subsequently removed by ignition or solution, leaving 
the volume occupied by it as a void.^

For analytical work the use of a porous diaphragm 
or shape offers so many advantages that it has been 
the subject of much speculation and a variety of 
materials have been tried out. The advantage is 
strongly in favor of the bonded articles, as they are 
immediately available without previous preparation. 
The asbestos fiber Gooch crucible and Witte plate 
are good examples of the first class of these materials, 
but with the exception of soluble precipitates it has 
the disadvantage of requiring frequent renewal and 
preparation.

In carrying out the investigation on refractory 
aluminous bodies for high temperature work it was 
found that bodies made up of fused alumina,bonded 
with a highly resistant bonding material of porcelain 
nature, were very advantageous.

Tests conducted on the fu'Sed alumina alone showed 
it to withstand the action of both acids and alkalis 
in solution, quantitatively. Similar tests on the bond
ing material alone indicated that it was affected by 
only the strongest acids and alkalis and even then to

1 See J .  A m . Chem. Soc., 3 -4 , 248, article by  P. Casam ajor. Also 
Chem. News, 32, 45, article P. C asam ajor, on “ Im plem ents of F iltra tio n .”

2 See J . A m . Chem. Soc., 8, 192, article by  J . H . Stebbins, J r . “ The 
M icrom em brane F ilter.” Also J .  A m . Chem. Soc., 27, by  Mr. Po rter 
W. Shinier on  a  "N ew  F ilter.”

3 Article appearing in the G erm an Chemical Society, s ix th  year. No. 
8, page 227, by  W. Pukall. “ Treatise 011 Clay Filters, their Properties 
and  A pplication in Chemical and Bacteriological Laboratories.1*

so small an extent that with the proper precautions 
it could be used for quantitative chemical operations 
in practically any solution.
M A N U F A C T U R E  O F C R U D E  M A T E R IA L  AND P R O P E R T IE S  

O F F IN IS H E D  PR O D U C T .

The fused alumina, the material used in the manu
facture of the filters to be described, has been used for 
the past ten years in the manufacture of abrasive 
wheels and stones under the trade name of "Alundum.” 
It  is obtained by fusing calcined hydrated oxide of 
alumina or bauxite in a water cooled electric arc 
furnace, from which it comes in the form of an ingot 
weighing some three tons. The impurities contained 
in the bauxite as iron oxide, silica, and titanium 
oxide are reduced to a certain extent and segregated 
at the bottom of the pig as a low grade ferro-silicon 
containing some titanium. The resulting pig or 
ingot consists essentially of pure crystalline alumina. 
The physical properties of this material adapt it 
peculiarly well to the manufacture of refractory 
laboratory articles. On being crushed, it is graded 
to a uniform mesh and mixed with the required amount 
of bonding material, the character of which is de
termined by the uses to which the resulting article 
is to be put. When made into the form of bonded 
shapes these materials have been found to possess 
a high thermal coefficient. The following curves 
illustrate graphically the relative thermal conductivity 
of ordinary fire-brick, Seger porcelain, bonded Alundum 
and bonded Crystolon at comparatively low tempera
tures. The finished articles also possess an extremely
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high melting point, approximately 1900° Centigrade, or 
35000 Fahrenheit, a comparatively low coefficient 
of expansion 0.0000071 per degree C., and are non
conductors of electricity. This dielectric property 
was determined by Dr. Thompson, of the Massachusetts 
Institute of Technology, and is found to be greater than 
that of porcelain, even at high temperatures. The 
specific resistance of centimeter cubes at various tem
peratures are as follows:

Degrees C. Megohms.
528 130
720 16
892 5 .3

1020 1 .8  

The maximum crushing strength of bonded Alundum 
is 15,410 lbs. or 71 /2 tons per square inch while its tensile 
strength is 1.700 lbs. per square inch. This factor 
is dependent on the thermal conductivity, coefficient 
of expansion and other properties desired.

These articles have furthermore been found re
markably resistant to the action of fluxes, especially 
those of a basic nature even at high temperatures.
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G E N E R A L  R E Q U IR E M E N T S  O F LA B O R A TO RY  F IL T E R S .

The general requirements of a filter for laboratory 
work are, sufficient porosity permitting them to be 
used for a variety of purposes, rapid cleansing and 
preparation for subsequent operations. They should 
possess sufficient strength to resist a high degree of 
suction and withstand the moderately high tem
peratures encountered in the ordinary laboratory 
for igniting the filter; inactivity towards reagents 
and materials which are ignited in them; constancy 
in weight within the practical limits of error through 
ordinary quantitative treatment.

In the platinum Gooch all of these desirable prop- 
perties are found. It, however, possesses the dis
advantage of requiring careful preliminary preparation 
of the asbestos mat. The cost of platinum, unfortu
nately, places it beyond the reach of the every-day 
analyst, also the precautions to be exercised in the 
use of this ware handicap the operation.

With porcelain, several difficulties are encountered:
(i) the time and trouble necessary in preparing the

T a b l e  I .

in that they were not placed in the carbon tube far 
enough to bring the entire filtering area into the zone 
of suction. The portion which projected beypnd the 
zone of suction became impregnated with the soluble 
salts in the solution being filtered which could only 
be removed after prolonged washing, consuming so 
much time that in many operations this crucible did 
not offer any particular advantages over the Gooch. 
Several methods were developed, employed and found 
excellent, only they required more time and apparatus 
than the ordinary porcelain Gooch.

To overcome the foregoing objection, glazing the 
upper portion of the crucible was attempted. The 
idea was to obtain a crucible of fused alumina with 
impervious walls and a porous bottom. This promised 
a solution of the difficulty in analytical work, but 
owing to the fact that the walls were impervious to 
all glazes, it was found that the glaze simply spread 
over the surface, leaving a porous strata of Alundum 
between the walls of glaze. This is an extremely
unsatisfactory condition in filtering off any precipitate.

■Abso rptio n  P r o perties o p  A lundum  as Com pared  w ith  Po rcelain  a n d  Pl atinum .

Alundum crucibles. Gooch
————— — —— -----—  *   porcelain

crucible.
P latinum
crucible.

Differ Differ Differ Differ Differ Differ
W t. ence. W t. ence. W t. ence. W t. ence. W t. ence. Wt. ence.

Grams. Mg. Grams. Mg. Grams. Mg. Grams. Mg. Grams. Mg. Grams. Mg.
A ................. ...........  16.2072 12.1658 22.1256 15.4388 19.0030 24.4059
B ................. ...........  16.2039 — 3.3 12.1617 — 1 .1 22.1194 — 6 ,2 15.4294 —9 .4 19.0008 — 2.2 24.4055 —0 .4
C .................. ...........  16.2018 — 2.1 12.1605 — 1.2 22.1174 — 2.0 15.4290 —0 .4 19.0028 +  2 .0 24.4055 0 .0
D ................. ...........  16.2028 +  1 .0 12.1628 +  2 .3 22.1193 +  1 .9 15.4315 +  2 .5 19.0035 +  0 .7 24.4056 +  0.1
E ................. ...........  16.2032 +  0 .4 12.1628 0 .0 22.1194 +  0.1 15.4316 +  0.1 19.0035 0 .0 24.4056 0 .0
F ................. ...........  16.2008 — 2.4 12.1600 — 2 .8 22.1162 — 3 .2 15.4270 . — 4.6 19.0007 — 2.8 24.4049 — 0 .7
G ................. ...........  16 .2 0 3 1 +  2 .3 12.1623 +  2 .3 22.1182 +  2 .0 15.4325 +  5.5 19.0039 +  3 .2 24.4059 +  1.0
I I ................. ...........  16.2031 0 .0 12.1623 0 .0 22.1188 +  0 .6 15.4325 0 .0 19.0039 0 .0 24.4059 0 .0
I .................. ...........  16.2007 — 2.4 12.1596 — 2 .7 22.1160 — 2.8 15.4286 — 3 .9 19.0019 — 2.0 24.4054 — 0.5

asbestos mat and in varying the thickness in order 
that any desired degree of porosity may be obtained;
(2) the comparatively low thermal conductivity of 
porcelain is a militating factor in several ways, as in 
the ashing of organic compounds, burning off precipi
tates, etc., increasing the time appreciably. Porcelain 
can be used at only relatively low temperatures in com
parison with this new material.

The articles made from fused alumina or Alundum 
will be found to possess most of the desired advantages. 
They are rapid, always ready, easily cleansed, with
stand any temperatures available in the average 
laboratory; the porosity can be varied to meet any 
requirement; they will withstand the action of prac
tically all reagents and materials ignited in them. 
They are not adapted to making fusions with alkaline 
carbonates or similar material, because of the siliceous 
nature of the bond. Like porcelain they are fragile, 
and will withstand but moderately sudden temperature 
changes. On the other hand, however, they possess 
a high thermal conductivity which together with the 
porosity makes them better adapted than porcelain 
to the burning off of organic materials.

O B JE C T IO N S  TO A L U N D U M .

One disadvantage in making filtrations with the 
ordinary shaped crucibles of fused alumina was found

The porous strata would become impregnated with a 
solution containing salts impossible of removal, caus
ing an increased weight in the crucible and the possi
bility of contaminating any solution which would be 
passed through it afterwards.

The idea of building up crucibles of two parts, 
that is, glazing the upper portion and cementing it 
to a porous bottom, was tried out, but found subject 
to the same objections. Accordingly this scheme had 
to be abandoned.

Another difficulty experienced by some is the prop
erty of Alundum to absorb moisture from the air. 
This is by no means a chemical action for there is 
nothing in the bond or the fused alumina which will 
combine with water at ordinary temperatures. The 
moisture of the air is simply condensed on the walls 
of the voids or pores, which action can continue only 
up to the point of saturation; that is, when a crucible 
of this material is ignited and immediately weighed 
it will be found to gain in weight when exposed to the 
air. Upon again igniting, it will return to the former 
weight. This variation, however, is so limited that 
in ordinary determinations it becomes a negligible 
quantity. The action can be observed more plainly 
by reference to Table I. Four Alundum crucibles 
(marked 1, 2, 3 and 4), one 30 cc. porcelain Gooch
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crucible and one 30 cc. platinum crucible were used 
for these tests.

All crucibles were carefully weighed before making 
this test. They were tben ignited in the electric 
furnace at iooo° C., cooled in a desiccator, and weighed. 
They were then washed with 250 cc. each of hot and 
cold water, dried in the electric oven at ioo° C., ignited 
in the electric furnace, and cooled in a desiccator, 
before weighing. The crucibles were then allowed to 
stand on the scale pan in the balance case for one, 
two and three hours respectively. Weighings were 
made at the end of each period of time. The crucibles 
were then ignited in the electric furnace, permitted 
to stand in the atmosphere as before and again ignited 
for the fourth time. Every conceivable precautionary 
measure was observed in this test in order that the 
results might be as accurate as possible. The weights 
taken of these crucibles at the various stages of the 
operation are marked by letters, as follows:

A, the original weight of the crucible when received.
B, weight of the crucible after igniting in an electric 

furnace at 10000 C. and cooling in a desiccator.
C, weight after 250 cc. of hot water had been run 

through by means of a reverse washer, and 250 cc. 
run through as in direct filtration, and the crucible 
dried and ignited in the electric furnace at 10000 C. 
and cooled in a dcsiccator.

D, weight after allowing the crucible to stand in the 
balance case one hour and weighing immediately.

E , weight after the crucible had been in the balance 
case two hours.

F, weight after the crucible had been ignited in the 
electric furnace at 10000 C.

G, weight after the crucible had been in the balance 
case one hour.

H, weight after the crucible had been in the balance 
case two hours.

I, weight after the crucible had been in the electric 
furnace and cooled in a desiccator.

The fused alumina is crushed to grains of suitable 
size, mixed with a ceramic bond, moulded, dried and 
then fired in an ordinary porcelain kiln. The bond 
becomes more or less vitrified, forming a hard resistant 
body. During the process of . manufacture small 
particles of the grain adhere to the outside of the article 
and are retained in the pores. Upon washing, these 
small particles are dislodged and washed out. Unless 
this preliminary' precaution is observed an appreciable 
variation in weight is noted, as shown by the following 
tables.

T ab l e  I I .— E ffect o f W ash ing  on W e ig h t  o f  A lu n d u m .
W t. before W t. a fter

Crucible washing. cleaning. Loss.
No. Grains. Grams. Mg.
 1..........................................  11.6725 11.6708 1-7
 2 .......................................  9.7492 9.7468 2.4
 3 .......................................... 11.2629 11.2602 1.7
 4 ..........................................  10.0136 10.0094 4 .2

Four crucibles were employed. They were weighed, 
washed with 500 cc. each of hot and cold water, dried 
in an electric oven at 10 5 0 C., ignited in an electric 
furnace for fifteen minutes at 10000 C., and cooled 
in a desiccator before weighing. The results are 
shown in Table II.

After treating these crucibles as above, each was 
washed with 250 cc. of both hot and cold sulphuric 
acid, this operation being repeated with hydrochloric 
acid, 10 per cent, solution. Theyr were then thoroughly 
washed with distilled water, ignited and weighed. 
The results of this investigation are summarized in 
Table III .
T a ble  I I I .— E ffect of W ashing  w ith  A cids a it e r  T reatm ent  w ith  

W a t e r .

W t. of H2S04. H jSO«. 1101, HC1, Total
crucible, cold. hot. cold. hot. loss.

Crucible No. 1... 11.6708 11.6702 11.6693 11.6682 11.6668
Loss 0 .6  Mg. 0 .9  Mg. 1.1 Mg. 1 .4  Mg. 4 Mg.

Crucible No. 2... 9.7468 9.7464 9.7459 9.7458 9.7448
Loss 0 .4  Mg. 0 .5  Mg. 0 .8  Mg. 0 .3  Mg. 2 Mg.

Crucible No. 3... 11.2602 11.2598 11.2592 11.2587 11.2582
Loss 0 .4  Mg. 0 .6  Mg. 0 .5  Mg. 0 .5  Mg. 2 Mg.

Crucible No. 4... 10.1058 10.1058 10.1048 Crucible broken.
Loss 0 .0  Mg. 1 .0  Mg.

Comparing Table I I I  with II, the necessity of pre
liminary preparation is demonstrated by the difference 
in losses suffered due to the several treatments.

IM PR O V E D  T Y P E  O F F IL T E R .

A new type of filter, which differs from the crucible, 
principally in shape and bond, has been recently 
developed, giving promise of better adaption to an
alytical work than any other. It differs from the other 
types of filters mentioned in that it is compact, filters 
rapidly, and is always ready-. It is made from the 
same materials as the crucibles but is somewhat 
more resistant to action of the reagents used in or
dinary analysis. This new filter is in the form of a 
cone and is designed to fit into the 600 funnel. One 
size found satisfacton7 measures i 3/ /  hi diameter by 
1 1 //' high and weighs about ten gram s; while this is 
the most convenient size, the cones can be made up 
into any desirable shape or size, depending on the 
specific requirements.

F ig . 2 . F ilter  Co n e  on S cale  P a n .

This type of filter is placed in operation by first 
stretching over a large end of the funnel a piece of 
soft rubber tubing about i 1/," in diameter and 1 ’ / /  
long, allowing half of the tube to project over the top. 
The funnel is then connected with the filter bottle 
and the conical filter placed in the aperture formed 
by the rubber ring. When suction is applied and the 
filter moistened, the cone is drawn down against
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Cones.
T aiilk IV.

Porcelain
Gooch

crucible.
P la tinum
crucible.

T reatm ent. Differ Differ Differ Differ Differ Differ
Soaked in 10% Weight. ence. Weight. ence. Weight. ence. W eight. ence. W eight. ence. W eight. ence.

U 2SO4 and water. Grams. Mg. Grains. Mg. Grams. Mg. Grams. Mg. Grams. Mg. Grams. Mg.
then ignited ........... . 9.4880 8.0398 5.2539 9.7204 15.6473 11.3184

Stood 1 hr. in c a s e ... . 9.4893 -f I .3 8.0404 +  0 .6 5.2552 +  1.3 9.7216 +  1 .2 15.6472 — 0 . 1 11.3184 0 .0
Stood 2 hrs. in c a s e .. . 9.4893 0 .0 8.0408 +  0.4 5.2552 0 .0 9.7216 0 .0 15.6475 +  0 .3 11.3184 0 .0
Stood 3 hrs. in cast-. . . 9.4893 0 .0 8.0408 0 .0 5.2552 0 .0 9.7215 — 0 . 1 15.6475 0 .0 11.3184 0 .0
Ignited again .............. , 9.4881 —  1 .2 8.0398 — 1 .0 5.2542 —  1 .0 9.7205 — 1 .0 15.6468 —0 .7 11.3183 — 0 . 1

them being extremely rapid filtration, depending 
on the fineness and nature of the precipitate to be fil
tered. In very accurate work the weight of the cone 
is independent of the weight of the paper and the cone 
acts only as a support. It permits the use of a paper 
whose porosity is suitable for the work in hand.

The entire filtering area of the cone is subjected to 
the suction so that any and all soluble salts which 
might be retained by the porous material can be 
readily removed by proper washing. The advantages 
resulting from the use of this filter are obvious.

in the usual manner. The 3 precipitates chosen for the 
test were aluminum hydroxide, barium sulphate and sil
ver chloride, because they are more or less representative 
of the various classes of precipitates encountered in 
analytical work. The aluminum hydroxide, barium 
sulphate and silver chloride were prepared in such a 
manner as to make standard solutions, 100 cc. of which 
contained 0.1 gram A1j0 3, 0.1329 gram BaSO,, and 
0.1687 gram AgH, respectively.

The cones were all thoroughly cleaned and ignited 
before making this test.

CO NSTA N CY  IN  W E IG H T .

The constancy in weight of the cone has been the 
subject of considerable speculation and discussion. 
With the idea of determining this under characteristic 
conditions, the following test was made.

Four cones, of different mixtures, were chosen for 
this test, namely, RA-320, 321, 322, 327, and were 
compared with a porcelain Gooch with asbestos mat 
and an ordinary platinum laboratory crucible.

All of these were soaked in a 10 per cent, solution 
of sulphuric acid at ordinary temperatures, washed 
with distilled water and ignited. They were then 
allowed to stand on the scale pan for one, two and 
three hours, weighing at the end of each period of time. 
They were then ignited and weighed, the results being 
recorded in Table IV.

This type of filter 
is subject to the same 
criticism as the other 
form, namely, the ap
parent inconstancy of 
weight, due to the ab
sorption of moisture 
from the air. As be- 
f o r e  s t a t e d ,  t h i s  
characteristic is in no 
manner detrimental, 
since the various 
articles will remain iri°-
constant when used under the same conditions each 
time. This fact is illustrated'in Table IV.

The question to be determined is whether they are 
adapted to quantitative analysis. The favorable 
results obtained in further tests and recorded in Table 
V constitute the necessary evidence.

For this final test five conical filters were used and 
an ordinary porcelain Gooch with asbestos mat. 
Cones Nos. 1, 2 and 3 were tested without, while cones 
Nos. 4 and 5 were provided with a lining of filter paper 
in addition to these a test was made with a filter paper

the gasket with a force sufficient to make a gas-tight 
joint. The efficiency of this joint varies directly 
with the suction applied. This type of apparatus 
possesses all the advantages outlined for the best

F ig . 3. Meth od  o p A dju stin g  Co n e .

laboratory filters. It can be used with or without 
filter paper, depending on the manipulator and the 
degree of accuracy required.

When using an ordinary filter paper it may be 
folded in the usual manner and the point turned back 
about V ,"  so that the paper may fit snugly into the 
cone, proceeding then as in the ordinary operation. 
Several advantages are gained by this method, among
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From Table V it will be noted that the first cone 
was found the most satisfactory for all purposes. 
The time factor as compared with the Gooch and 
filter paper was reduced considerably without re
ducing the accuracy to any appreciable extent.

The cleansing of the filter may be readily accom
plished by inverting it on a rubber cork and reversing 
the flow, as is illustrated in Fig. 4.

On the whole the new conical filters proved to be 
far superior to those ordinarily used.

Ta b l e  V .— F ilter in g  P r o per ties.

AI0O3. AgCl. BaSO«.

Differ Time Differ Differ
W eight. ence. required. W t. ence. W eight. ence.

Am ount found. Gram. Mg. Min. Gram. Mg. Grain. Mg.
By ca lcu la tion .. 0 .0500 0.1687 0.1349
W ith  cone 320.. 0 .0510 +  1 . 0 2 .5 0.1650 —3 .7  , 0.1329 — 2 . 0
W ith conc 321.. 0.0510 4-1 .0 2 . 0 0.1644 —4 .3 0.1331 —  1 .8
W ith conc 327.. 0.0502 +  0 .2 2 . 0 0.1651 — 3 .6 0.1331 —  1 .8
W ith conc 321

+  paper........ 0.0522 + 2 . 2 4 5 .0 0.1647 — 4.0 0.1332 — 1.7
W ith cone 322

+  p ap er........ 0.0522 +  2 . 2 3 0 .0 0.1662 — 2.5 0.1327 — 2 . 2
W ith  asbestos

G ooch............. 0.0536 +  3 .6 1 1  .0 0.1650 — 3 .7 0.1328 — 2 . 1
W ith paper f ilte r0.0519 +  1.9 9 .0 0.1642 —4 .5 0.1349 0 .0

The authors have endeavored to point out the ad
vantages accruing from the use of a filter of this im
proved type, the value and superiority of which have 
already been fully demonstrated by their successful 
application, under varying conditions, in general 
laboratory operation.

R esearch  Labo ra to r ies, N orton Com pany ,
W orcester , Ma s s .

CALCULATION OF SULPHURIC ACID STOCK B Y  APPROXI
MATE VS: ACCURATE METHODS. A SPECIAL SLIDE 

R U LE FOR THIS PURPOSE.
B y  H . C. Mo o r e .

Received M ay 25, 1912.

When taking periodical inventories of the amount 
of sulphuric acid stock on hand in the numerous 
tanks and chambers around a sulphuric acid plant 
it is customary to test the acid in each tank for density, 
in terms of degrees Baumé, and also for temperature. 
The depth of the acid is also measured, and knowing 
the dimensions of the tanks and chambers it is a simple 
matter to calculate the number of cu. ft. of acid in 
each container.

The next step is to calculate, from the data thus 
obtained, the acid in each lot to the same basis, as, 
for instance, to the basis of its equivalent in terms of 
50° B., 60° B. or 66° B. ■acid at 6o° F. The whole 
amount of acid on hand is then determined in terms 
of one grade.

Among fertilizer factories it is customary to calculate 
all acid in terms of 50° B. acid at 600 F. Tables, 
which are available, make it possible to determine 
the number of pounds of 50° B. acid equivalent to 
a cu. ft. of acid of any density and temperature. The 
tables as adopted by the Manufacturing Chemists’ 
Association of the United States in 1904 are generally 
used as a basis for making all calculations.

Now it is no short task for the superintendent or

the chemist of a sulphuric acid plant to take a long 
row of figures, which represent the density and tempera
ture of the acid in the numerous tanks and chambers, 
and calculate correctly from this data the exact 
equivalent in terms of 50° B  acid, unless a very 
voluminous set of tables has been especially prepared 
for this purpose. By  calculating correctly the writer 
means that exact corrections are made for density and 
temperature instead of the rough or approximate 
corrections ordinarily made.

If, however, one is content when taking the acid 
inventory, to record the density reading to the nearest 
even degree Baum6 and the temperature to the nearest 
ten degrees Fahrenheit, then the problem is not such 
a long task, especially if one also assumes that one 
cu. ft. of acid testing, say, 52° B. at a temperature 
from 90° F. to n o ° F .  is equivalent to one cu. ft. 
of acid testing 53° B. at 6o° F. If all of these assump
tions are made the summary of the acid inventory 
becomes very simple indeed, and if a few simple sets 
of tables have been compiled, practically no calcula
tions arc necessary. Such a method of figuring is 
not correct, however, and the error will vary, being 
greater for acid at higher temperatures.

Acid testing, say, 50° B. at 130 ° F. when cooled 
to 600 F. would have a density of 53.9° B ., but one 
cu. ft. of this acid at 130 ° F. would have a volume of 
less than one cu. ft. if cooled to 60 0 F. while the shrinkage 
amounts to about 2.25 per cent., or an error too great 
to be overlooked.

By mentioning the above incorrect methods of cal
culating sulphuric acid stock, the writer does not wish 
to infer that such methods are generally used, but 
has simply referred to some methods which have 
come to his knowledge both by hearsay and observa
tion. He has also heard chemists remark that they 
were not sure they were making their claculations 
with absolute correctness.

There is another slight error which the writer has 
often observed, which, however, is scarcely appreciable. 
In the tables adopted by the Manufacturing Chemists' 
Association, in 1904, will be found a table marked 
‘Allowance for Temperature.”  This table indicates 
the correction necessary to apply to Baume readings 
to correct from one temperature basis to another. 
The allowance for temperature for 50° B. acid is 
0.028° B. and for 60° B. acid is 0.026° B., for each degree 
Fahrenheit. Therefore, acids of densities between 
these limits probably have an allowance-for-tempera- 
ture value proportionately between the values given. 
By interpolation the allowance for 52° B. acid would 
be 0.0276° B. and for 54° B. would be 0.0274° B. 
for 1 0 F.

Take the case of acid testing 52.o° B. at 130 ° F. 
This ac d when cooled to 60° F. would be about 54° B., 
and, therefore, the value 0.0274° B. for 1 °  F. should 
be applied, and 52.0 plus (70 X 0.0274) = 53.9° B. 
at 60° F. These allowance-for-temperature values 
were determined, as the writer understands from the 
original paper on this work, by heating the acid, 
starting at 600 F. and noting the density variation 
for rise in temperature. To further illustrate this
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point, assume acid testing 50.000 B. at 60 0 F. Calcu
lating the density of this acid if heated to 2030 F. 
we get 54.000 B. Now suppose we start with acid 
at 54.000 B. and 2030 F. and calculate it back to the 
basis of 600 F. by applying the temperature allowance 
of 0.0274° B. for i ° F „  which, as above mentioned, 
would be the temperature allowance interpolated for 
54° B. acid, and we would get 50.08° B. at 6o° F. 
The discrepancy, of course, is slight, yet it simply 
points out a very common error which the writer 
has observed.

To indicate the error in assuming that one cu. ft. 
of acid at a temperature above 60° F. is equivalent 
to one cu. ft. of the acid calculated to its density at 
600 F. the following table has been prepared:

Contraction 
=  error.

50° B. a t  130° F . ~  51.93° B. a t 60° F. 2.03
50° B. a t  140° F. -  52.21° B. a t 60° F . 2.32
51° B. a t 100° F . -  52.10° B. a t  60° F. 1.17
51° B. a t 90° F . *■» 51.83° B. a t  60° F. 0 88
49° B. a t 170° F . «• 52.04° B. a t 60° F . 3.16
48° B. a t 200° F . -  51.86° B. a t  60° F. 3.98
47° B. a t 240° F . -  52.04° B. a t  60° F. 5.14

If the amount of acid used per charge when making 
acid phosphate is measured and the proper correc
tions are not made for density and temperature, the 
error will be greater the higher the temperature 
of the acid used in mixing. Further, if the amount 
of acid used per week is computed from records thus 
obtained the error may be considerable We might 
assume that the error in calculating the acid in the 
tanks and chambers is fairly constant from one 
inventory to another, which assumption would be 
reasonably correct providing the stock carried in the 
tanks and chambers remains about constant with small 
variations in density and temperature.

The writer wishes to state at this point that he is 
not unmindful of the great difficulty, rather the im
possibility, of securing a sample of the acid in the tanks, 
and especially in the chambers, which is exactly repre
sentative of all the acid in each lot. Therefore, the 
density and temperature of each lot of acid can be only 
approximately determined. If, however, the acid 
in each tank and chamber is tested at the same point 
and in the same manner each time the error will be 
reasonably constant arid the appreciable error, there
fore, unless the proper corrections are made as regarding 
density and temperature, is made in calculating the 
amount of acid used per week or similar period.

If the acid used at the mixer (acid phosphate) 
has a temperature of 130° F., the error, resulting by 
making the incorrect allowance for density and tempera
ture as before described, will amount to about 2 per 
cent. In other words, the acid department gets 
credit for 2 per cent, more acid than actually made and 
the acid phosphate department gets the loss, which is 
included in the shrinkage allowed.

The. writer has known of cases where such errors 
when unearthed have helped to explain why some 
acid plants could often get a yield of from 4.95 to 
5.20 lbs. of 50° B. acid per pound of sulphur burned.

It might be well to ¡jive here two methods by which 
correct results may be obtained when calculating acid.

These methods will not be new to many and yet may 
be of value to others.

Assume that we have one cu. ft. of sulphuric acid 
testing 5 1.0 ° B. at ioo° F. and wish to find its equiva
lent in terms of 50° B. acid at 60° F. First by refer
ence to the tables and making the calculations before 
described, we calculate that this acid would have a 
density of 5 2 .1 “ B. at 60° F. From this point the 
calculation may be made by two methods:

Method. I :
1 cu. ft. 5 1 .o° B. acid weighs 96.21 lbs. (from table)
1 cu. ft. 5 2 .1°  B. acid weighs 97.35 lbs. (from table)
96.21/97.35 =  0.9883 cu. ft. =  volume which the 

cu. ft. of 5 1 °  B. acid at 100° F. would have if cooled 
to 60 0 F.

1 cu. ft. 52.i °  B. acid at 6o° F. =  102.20 lbs. 
50° B. acid (interpolated from tables).

Therefore, 0.9883 X 102.20 =  101.00 lbs. 50° B 
acid at 60° F.

Method I I :
1 cu. ft. 5 1 °  B. acid weighs 96.21 lbs.
5 2 .1°  B. acid at 60° F. -  104.98 per cent, of 50° B. 

acid at 600 F. (interpolated from tables).
104.98 per cent, of 96.21 =  101.00 lbs. 50° B. acid 

at 60 0 F.
Method I though longer than Method II is interesting 

in that it will indicate the shrinkage in volume which 
would result if the acid were cooled to 600 F.

The writer has seen private sets of tables which 
have been compiled and which make all necessary 
corrections, thus greatly shortening the time required 
in making the calculations of acid of different densities 
and temperature to one basis. At one time he also 
prepared such a set of tables, but the time required 
was about three weeks, and the tables then were not 
thoroughly complete but fulfilled practically all the 
requirements of the plants at which they were used. •

It then occurred to me that some simple means might 
be found for making all such corrections and calcula
tions in a short time, so my efforts were directed 
to the problem of determining if it were possible to 
design a special slide rule by means of which all calcu
lations might be made. After spending considerable 
time a design for such a slide rule was finally devised 
and after making many hundred calculations the full 
details and specifications were worked out. Models 
were then prepared, which proved that the rule 
would permit accurate calculations to be made.

B y  use of this slide rule corrections may be applied 
to Baume readings for temperature, thus calculating 
acid of one density to corresponding density at any 
other temperature. This requires one adjustment 
only of the slide rule. Now by making one additional 
adjustment the final result may be read from the rule 
directly; that is, one cu. ft. of acid of any density 
and temperature can be calculated to • its equivalent 
in terms of 50° B. acid at 60 0 F. (or in terms of 6o° B. 
or 66° B. acid if desired, or in fact to any basis). 
Also, if desired, 100 lbs. of acid of any density 
and temperature can be calculated to its equivalent 
of 50° B. acid at 60° F. (or to any other basis desired) 
just as easily.



Each ease can be worked out by means of this rule 
in less than ten seconds, which surely allows a wonder
ful saving of time. The rule is based entirely on the 
tables of the Manufacturing Chemists' Association 
of the United States, adopted 1904, and no tables need 
be used in connection with the rule to give final re
sults.
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runner to division 60 on Row D 1. Read below on 
Row E and 5 2 .10 B. is indicated as the corrected 
Baume reading. Now adjust the slide so that division 
50, Row A, and division 51, Row B, arc in alignment. 
Move the runner over the 52.1 division on Row A 
and read under the runner on Row C, when 101.00 
is indicated as the correct result.
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The accompanying cut shows one of these slide 
rules, submitted by the manufacturers as a sample, 
but which is not exactly correct.
[ The divisions on the slide rule are marked in terms 
of degrees Baum6, degrees Fahrenheit arid pounds 
per cu. ft. Baume divisions are to tenths, and in 
some cases to 0.05° B., the Fahrenheit scale to i °  
and the pounds per cu. ft. scale to tenths of a pound 
per cu. ft. The latter scale can be read to within 
0.01 to ' 0.02 lb. per cu. ft. and the Baum6 scale to
o .o i° B. In 'o th e r words, the accuracy of results 
obtained by the rule are within the limits of error of 
reading’ an ordinary hydrometer divided to tenths of 
a degree Baum6. The scales include Baume readings 
between 48° and 66° B. and from 30° to 160° F.

Referring to the rows of divisions by letters: Row 
D> and E  are used together to correct Baume readings 
from one temperature to another.

Row B 1 is a continuation of Row C, which is like
wise a continuation of Row D. This arrangement 
is adopted to get all of the divisions on a 10" rule 
and yet have divisions far enough apart to permit 
accurate and rapid readings. The value of divisions 
ill these rows represents pounds per cu. ft.

Row B is divided in terms of weight per cu. ft. of 
acid of different densities. To find from this rule the 
■weight per cu. ft. of acid of densities between the limits 
included, refer to the division on Row B corresponding 
to its Baume reading and project on to Scale C, where 
the value for its weight can be directly read.

Row A is divided in terms of percentages. (Attention 
is hereby called to the error on this row, noticeable 
between the .49 and 50 divisions.). To find the per 
cent, of one acid as compared to 50° B. acid, adjust 
the slide so that the ^o division, Scale A, is in vertical 
alignment as indicated by the runner with 100 on Scale 
C. Now adjust the runner over the division on Row 
A corresponding to the density of the acid which it 
is desired to refer to its per cent, of 50° B. acid and 
read below on Scale C. To find the corresponding 
per cent, of 600 B. acid, the operation is similar.

To calculate, for example, 1 cu. ft. of acid testing 
5 1.0 ° B. at ioo° F. to its equivalent in terms of 50° B. 
acid at 60 0 F. by this rule, the procedure is as follows:

Line up, by means of the runner, division 100 on 
Row D' and division 51.0 on Row E. Now move

Such a slide rule would be of very gi'eat value to 
a chemist or superintendent who has to; calculate sul
phuric acid stock, and also to a broker who buys and 
sells acid.

A rmour F ertilizer  W o rk s,
Atlan ta , Ga .

A SIM PLE AND IN EXPEN SIVE CONDUCTIVITY CELL.
B y  C a r l  A . N o w a k .

R e c e iv e d  J u n e  8 . 1912.

Unable to obtain a standard conductivity cell from 
any of the chemical supply houses in town, and anx
ious to complete a series of experiments, the author 
undertook to construct a cell from materials available 
in the laboratory. This cell, although primarily 
intended as a makeshift until a standard cell'could be 
obtained, gave such satisfaction, that', for the experi
ments in hand, it proved practically equal to any of 
the standard cells now on the market. A brief de
scription of the manner in which this cell was con
structed may possibly be of assistance to others, who, 
like the author, may at some future time be dependent 
upon a cell of their own construction.

Before going into details it may be well to point out 
certain of the advantages possessed by this cell: First,
It requires only 20 cc. of liquid. Second, On 
account of the small volume of liquid the same is more 
quickly brought to the temperature of the thermostat. 
Third, The cost is considerably lower than that of the 
cells on the market since the electrodes are made of 
thin platinum foil, but being concave and themselves 
fastened directly into the cork cover, are rigid and 
not easily bent out of shape or otherwise injured, 
thereby causing a change in the cell constant. Fourth, 
The cell constant can be adjusted to suit the require
ments of the test, either by varying the height of the 
liquid or by reducing the electrode surfaces. The 
thermometer is directly in the path of the electrodes, 
and the two loops of platinum foil make it very easy 
to connect the cell to the circuit. The complete cell 
can be easily constructed in about one hour from 
materials to be found in almost every laboratory, and 
at a low cost.

Fig. 1 is a photograph of the cell and Fig. 2, diagrams 
giving better the details of construction.

A wide mouthed glass bottle i*/4 inches in diameter 
and 2'/< inches high was used for the cell body. A
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Hat cork of a somewhat greater diameter than that of 
the bottle and about Vs ° f  an inch thick was next 
selected and a disc a little less than 1 inch in diameter 
cut out of it by means of a sharp penknife, care being 
taken to cut perpendicular to the surface of the cork 
and neither to injure the disc nor the ring which re
mains as the disc must be replaced in the cork after 
the electrodes and contact strips arc inserted. Two 
pieces of platinum foil 0.002 inch thick, 1 inch w de and 
2 inches long were cut, as well as two strips of the 
same foil two inches long measuring about ‘ /s ¡nch in 
the center and ’ / 8 ’nch at the ends, cut in the manner

J 'ic .  1. F ig .  2 .

shown in Fig. 2, D. The strips were each folded over 
in the middle so as to form a loop, the ends being then 
fastened between the ring and the disc of cork to
gether with the two electrodes in the manner shown 
in the illustrations.

The tops of the electrodes should come flush with the 
top of the cork. If the cork has been properly cut, 
the electrodes, owing to the now concave shape, will 
hold firmly in the cork and should be parallel to one 
another (see Fig. 2, A). Should this, however, not 
be the case, a short round piece of cork (Fig. 2, C), 
previously shaped to fit, can be placed between the 
electrodes and cemented to the cork proper with the 
aid of a little plaster of Paris.

The cork is now covered with sealing wax on all 
sides which gives excellent insulation. This can be 
made smooth by passing a hot, flat piece of steel over 
it. A knife blade answers very well. For safety’s 
sake, and to prevent short circuit, should any liquid 
accidentally get on the stopper between the electrodes, 
the same is dipped into melted paraffine, the loops 
being again scraped free.

A more finished looking cell can be made by applying 
plaster of Paris to the cork after inserting the elec
trodes, instead of the sealing wax. The plaster can 
be sandpapered down after drying, giving a perfectly

smooth surface and covering all imperfections in the 
cork. If the same is then coated with black enamel 
or paint the entire cell has a very neat appearance. 
Of course the cork must be subsequently dipped in 
parafline for the reasons given above.

After cleaning the electrodes carefully, the same are 
coated.with platinum black in the usual manner.

The opening for the thermometer is most easily 
made by heating the point of a round file to redness in 
the Bunsen flame and then applying it to the cork with 
a slight pressure, thereby easily penetrating through 
the sealing wax and cork. After this has been done, 
the opening in the cork can be filed out by means of 
the same file, until the thermometer exactly fits it. 
The author made use o f  a pycnometer thermometer 
divided into tenths of a degree and reading from 
xo°-3o° Centigrade.

The general type of the cell, i. e., concave electrodes, 
makes it especially well adapted for use with poorly 
conducting fluids, the cell constant of the cell illus
trated being 0.237 when 20 cc. of liquid are used.

In using the cell and for determining the cell con
stant, 20 cc. of liquid are measured into the glass from 
a standard pipette (always used for this purpose). 
It will be found that in dealing with the same kind of 
solution, i. e., one of uniform viscosity, the cell con
stant will remain unchanged within the permissible 
limits of error allowed in technical conductivity 
measurements, provided of coursc that the same 
pipette is always used for delivery.

Should one so desire, other volumes of liquid may 
be used, viz., 30, 15 and 10 cc., the cell constant being 
determined for each of the respective heights of liquid 
in the cell.

The cell is very easily cleaned, simple in manipulation 
and not easily damaged.

2 7 3 9  M i l d r e d  A v b . ,
Chicago .

APPARATUS FOR FUM ELESS K JE L D A H L  NITROGEN 
DIGESTION.
B y  A . P .  S y .

R e c e iv e d  J u n e  4 , 1912.

A digestion with sulfuric acid for the Kjeldahl 
nitrogen determination is practically impossible unless 
some provision is made for taking care of the large 
volume of fumes evolved. Even in small quantities 
these fumes are so objectionable that complete re
moval is necessary Many devices and arrangements 
are known and in use, the customary practice being 
to conduct the digestion in a good hood or closet 
connected with an efficient natural or forced draught. 
Such an arrangement is often almost impossible and 
is always expensive, necessitating an expenditure of 
several hundred dollars when a fan and motor are used. 
In addition to the expense, this arrangement is always 
very noisy, unless the fan is located at some distance 
from the hood, in which case its efficiency is decreased 
proportionately. For a number of years the writer 
used a hood with natural draught, but on some days 
it was necessary to open all windows and leave the 
room. Many laboratories, especially those of hos
pitals and physicians, have no fume closets at all and a
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Kjeldahl nitrogen digestion is out of the question. Three 
years ago the writer began using an arrangement 
similar in principle to the one here described and shown.

F io . 1. F r o nt  v ie w .

I t  has been in constant use in the university as well 
as the writer’s laboratory, and in its present form seems 
to answer all re
quirements f o r  
fume absorption.

A brief descrip
tion and reference 
to Figs. I and 2 
readily expia in the 
apparatus. The 
whole is mounted 
on a portable iron 
s t a n d ,  occupies 
but a  little space 
a n d  is  e a s i l y  
moved. In the 
apparatus here 
shown, four ordi
nary long-necked 
500 cc. Kjeldahl 
flasks, suitable for 
digestion and dis
tillation, are used. The Kjeldahl flasks are supported 
at the bottom by a special ring-clamp. Into the neck 
of each flask there is a loosely fitting bulb-tube with 
two large bulbs and an elbow bend. These bulb-tubes 
are connected with a large glass suction pump having 
four branches. Rubber tubing is used for connecting 
the bulb-tubes and pump, in order to give flexibility

to the apparatus, allowing the flasks to be shaken 
without detaching them. The rubber tubing lasts 
for many - determinations and can easily be replaced. 
The bulb-tubes are held in position by a special support, 
allowing their easy removal when shaking is necessary. 
The bulbs act as air cooled condensers for the acid 
fumes, and prevent the materials in the flasks from going 
dry as quickly as when the fumes are allowed to escape. 
The lower bulb acts as a loose stopper for the flask, 
while the upper one rests on the support when the 
apparatus is not in use, always leaving the bulb tubes' 
in position. At the beginning of a digestion, water 
is driven off, and in order to prevent its dropping into 
the hot acid and causing spurting, the supports of the 
Kjeldahl flasks are so arranged as to give the latter a 
slanting position, allowing the condensed water to flow 
down the sides gradually. In its present form the ap
paratus has a quadruple burner on a clamp attached to 
the iron stand, as shown in the drawings. To operate, con
nect the pump with the water supply and drain, and start 
heating the flasks with a low flame. The operation 
and advantages of this arrangement need no further 
explanation. The apparatus may be obtained from 
Eimer and Amend, of New York City.

U niv e r sit y  of  B uffalo ,
B u f f a l o , N. Y.

A SIM PLE METHOD FOR PU RIFYIN G DRINKING W ATER.
B y J . L. Sam m is.

Received Ju ly  10, 1912.

Water for drinking purposes is commonly purified on 
the small scale by distillation. Distilled water is 
flat and unpalatable and has to be cooled and stored 
for use.

The possibility of pasteurizing water for drinking 
purposes, as it flows from the pipes, seems to have 
attracted little attention. For this purpose, water 
flowing through a small pipe can be momentarily 
heated (in a steam jacket or otherwise) to a tempera
ture of 17 5 -18 0 ° F. (79-82° C.), by which means 
disease germs such as those_ producing typhoid fever, 
dysentery, etc., are destroyed, while the water under 
pressure in the pipe does not lose its dissolved gases 
or its palatability.

The water thus heated can be quickly cooled in the 
pipe, by means of a cold water jacket. In most 
buildings, only a small proportion of the water used 
would require to be heated and cooled for drinking 
purposes, but the entire quantity used for all purposes 
could be run through the jacket, to aid in the cooling.

An arrangement of pipes for this purpose can be set 
up by any pipe fitter at any point where a steam pipe 
and a water service pipe pass near each other. It  is 
desirable that the steam pressure be uninterrupted, 
and that the pipe be drained free from condensation. 
Also the water pipe should be one through which more 
or less water is flowing continually. The diagram 
shows the arrangement of the parts.

The steam main is cut at A A ', the water main 
at B B ', and the cut ends are reconnected through 
by-passes which constitute the steam jacket C, and 
the water jacket D, used for cooling the drinking water.
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A small stream of water is drawn from the main
through valve 0 , 
passing through the 
small jacket P, 
where it partly cools 
the water in the 
i n t e r i o r  coil M. 
From the jacket P, 
the water flows 
through V  and up
wards through K , 
within the steam 
jacket C, where it 
is heated to 180- 
aoo°F The heated 
water flows past 
the thermometer T, 
through the coil M, 
and finally into the 
cooling coil of the 
water jacket D. 
The water thus- 
heated and cooled 
flows out below,' 
when the faucet X  

is opened, either into a cup or into a bubble fountain.

Very efficient cooling can • be secured by- making 
coils M and S of tin lined brass pipe. These can be of 
thin material, since the water pressure inside and 
qutside of them is always alike. . In practice, with 
such an arrangement, no difficulty was found in cooling 
the water for drinking to within 2 0 of the temperature 
of the cooling water in the jacket D. For some 
reason, not well understood, the water thus heated and 
cooled under pressure is more palatable to some 
observers than the untreated water supply.-

The water pressure should be about 25 pounds 
greater in the main B, than the steam pressure in A, 
in order that the water may not boil in the pipe K , 
which may he made of */» or V s  inch galvanized or 
tinned iron pipe.

In cities where the municipal water supply is known 
to be contaminated with sewage, causing typhoid 
fever, the pasteurization of water as it flows from the 
pipes for drinking purposes appears desirable.

In large office buildings, factories, schools, etc., 
where steam pressure is maintained throughout the 
summer, and where water flows continually through 
the mains for supplying toilet rooms, work rooms, etc., 
such an arrangement for pasteurizing water for drink
ing purposes might find useful application.

The amount of steam used in such an apparatus is 
small, because the regenerative cooler P prevents 
waste of heat.

For residences, either gas or electric heat might be 
substituted for steam in such an arrangement as the 
one described above.

U n iversity  of  W isconsin',
Mad iso n .

SAMPLING CONE.
B y  C . W .  K n e f f .

R e c e iv e d  M a y  2 8 , 1912 .

Every one who does ore sampling has noticed that 
the lumps always roll to the bottom of the pile, when 
the ore is piled in the form of a cone preparatory to 
quartering. When the cone is built up by placing 
shovelfuls of ore on the apex of the cone, this is 
unavoidable and segregation of lumps and fines 
always results. B y  the use of a hopper such as is 
shown in the sketch, this condition can be almost 
entirely overcome. The ore is shoveled into the 
hopper, and allowed to run through the hole in the 
bottom; each piece of ore remains practically where 
it falls and when the pile is flattened out for quartering 
there is no segregation of coarse and fine to be seen.

The sketch shows a i inch hole in the bottom of the 
hopper, but for some work it should be larger, e. g., 
for coke, which has a tendency to choke the opening 
and stop operations. For general work I find a hole

of i 3/," diameter most satisfactory, but I have some 
funnels w'ith smaller openings, which I can drop inside 
the main funnel, and obtain any size of opening 
desired.

As the sample comes from the crusher, the largest 
piece is about V s  inch and is mixed with considerable 
fines. This is passed through the hopper three times, 
which gives a very uniform mix, much better than can
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be obtained by the common practice of piling with a 
shovel. After quartering, the portion retained is 
passed through the cone again, and so on till the 
sample weighs from 8 to io pounds, after which it is 
passed through a No. 8 sieve and finished in the usual 
way.

S iio en berg er  St e e l  W o rk s,
P ittsbur g h , P a .

A LABORATORY GLASS-FURNACE.
B y  S . R .  S c iio l e s .

R e c e iv e d  J u n e  17, 1912.

Experimental glass-making has always been at
tended by the difficulty of getting the necessary tem
perature. We have installed in this laboratory a 
furnace burning natural gas and using the regenerative 
principle common in glass-factory practice. The 
designing and construction of this furnace, following 
our rough sketch, were undertaken by Messrs. Arm
strong and Lytil, furnace builders, of Pittsburgh.

F i g . l .

The accompanying photograph gives an idea of the 
general plan of this furnace. It is constructed of 
standard sizes of furnace blocks. An arched roof of 
silica brick covers a crucible bench 42 X 27 inches, 
at the ends of which the gases enter from the vertical 
regenerators, through openings 9 X 1 2  inches There is 
thus a space accommodating several crucibles of 
generous size, such as size “ M”  of the Battersea make. 
The regenerator columns enlarge below the bench to 
16V2 X 21 inches and are 4 feet high. They are filled 
with the usual silica checker brick. From the foot of 
each regenerator a horizontal flue leads to the stack

and connects by a suitable valve with an air inlet; 
A twenty-five-foot stack is used.

Gas is supplied through one-inch pipes, under a 
pressure equal to eight inches of water. The gas is 
not “ regenerated” but enters, through a' three-eighths- 
inch nozzle, into each regenerator column just below 
the level of the bench.

The furnace can be brought from room temperature 
. to its full heat in about twelve hours. It is usually 

maintained at i35o °-i4 o o ° C. but a h'gher tempera
ture can easily be reached, which is practically limited 
by the softening of the crucibles. The best efficiency 
is obtained by reversing gas and air supply every 
twenty minutes. The gas-consumption is about 250 
cubic feet per hour.

Much of the credit for the design of this furnace is 
due Prof. S. L. Goodale, of the School of Mines.

I nd ustr ial  R esearch  Laboratory,
U niversity  o f  P ittsburgh .

THE DETERMINATION OF CARBON IN ST EEL B Y  DIRECT 
COMBUSTION IN TH E NEW EST FORM OF SHIM ER 

CRUCIBLE, WITH TH E AID OF A P E R 
FORATED CLAY DISC.

B y  F r a n k  O. K jchi.in'k.

R ece iv ed  M ay  31, 1912.

In T h is  J o u r n a l , for October, 1909, Dr. P. W. 
Shimer described a simplified form of his crucible for 
the determination of carbon in steel by combustion. 
Two improvements have been made in the use of this 
crucible for direct combustion. These improvements 
are (1) an increase in the diameter of the crucible, and 
(2) the use of perforated clay discs instead of asbestos 
for covering the charge of drillings.

It has been the practice, in the direct combustion 
of carbon in steel, to place the drillings in a No.. 000 
Royal Berlin porcelain crucible two-thirds -full of silica 
sand, placing this porcelain crucible inside of the 
Shimer platinum crucible with a pair of forceps, and 
covering the charge with a layer of ignited asbestos 
about ■>/< inch thick. The asbestos serves to keep the 
drillings in place and prevents heat radiation to the 
water-cooled- stopper.

A slight increase in the diameter of the Shimer 
platinum crucible made it possible to use a No. 00 
Royal Berlin crucible instead of the No. 000 size. 
The No. 00 size has at the top an area 1.4 1 times that 
of the No. 000 size, and is filled to only one-half its 
depth with silica sand. This has the obvious ad
vantage of permitting the use of a heavier charge, full 
factor weight (2.7273 g.), or if the 1 / 2 factor weight is 
preferred it will be less crowded. Dr. Shimer has 
recently adopted this increased diameter for his 
standard size crucible.

Ignited asbestos as a covering for drillings is very 
efficient. While results are not vitiated by the presence 
of ignited asbestos, it is obvious that the packing in of 
a layer of asbestos before each burning, and its removal 
after burning, are both time-consuming and incon
venient, and the source of much dirt around the 
carbon work table.

In trying to obviate the use of asbestos, the writer
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tried various materials made up into the form of discs 
with perforations for the circulation of oxygen. The 
best results were obtained with a disc about 3

i x v  - . ;
CROSS S C C TfO M

T O /3

CLAY DISC.

thick, of such diameter as to completely cover the 
No. 00 Royal Berlin porcelain crucible, perforated 
with slanted holes, leading from the periphery of the 
upper side of the disc, slanting toward the center on 
the bottom of the disc, as shown in the illustration. 
They are best made of china clay. The clay is mixed 
with water to the proper consistency, moulded into 
shape, carefully dried, burned and annealed. One of 
these discs with proper care will last for 100 determi
nations, which is also the average life of the porcelain 
crucible. With a little care these discs can be made 
easily in the laboratory.

The above work has been carried on by the writer 
in conjunction with Dr. Shimer.

35 F ir st  Av e n u e .
B eth lehem , X*a .

A MODIFIED VICTOR M E Y ER  APPARATUS.
B y  H arold  Ca n n in g  Ch a p in .

R e c e iv e d  J u n e  2 4 . 1912.

The customary way of introducing a liquid to be 
vaporized in a Victor Meyer vapor density apparatus 
is to drop, by some external means of control, a capsule 
previously supported in the cool upper portion of the 
tube. This capsule then automatically releases its 
contents by bursting, expulsion of a glass stopper, 
or melting of a Wood’s metal plug. The first method

is preferable, but requiring a completely filled, fragile 
capsule, is somewhat troublesome. A modification 
of this, having proved successful with a class of engi
neering students in this laboratory, seems worthy of 
more general use. The capsule is made from a piece 
of 5 mm. tube sealed off at one end and drawn out to 
a capillar}’' at the other. It is filled to the neck only, 
bent as shown, and sealed at the tip of the capillary. 
It  is hung in the vaporizing tube instead of being 
supported in the usual manner from below. For this

u
purpose the ordinary form of tube will serve, but the 
right angled form here illustrated is preferable because 
it is more compact, holds the capsule more securely, 
and allows this to be placed in position more easily 
through the short neck. A twist of the rod with its 
flattened end breaks the capillary and drops the 
capsule.

W alker  Labo ratory ,
R e n sse l a e r  P o lytech nic  I n st it u t e ,

T ro y , N e w  Y o rk .

ADDRESSES
TH E ANALYST VERSUS TH E CHEM IST.'

B y  J .  S .  B r o g d o n .

R e c e iv e d  J u l y  15, 1912.

There is no subject of greater importance in the 
fertilizer world to-day than that of C h e m i c a l  E c o n o m y .  
The chemical units of phosphoric acid, nitrogen and 
potash in the fertilizer factory are the same as and 
are equivalent' to dollars in the bank. In all the 
nation you will not find a single bank which for one 
moment would think of doing business without an 
efficient and adequate method of keeping account of 
the money, or without a banker to direct the policy 
of the bank. Y et in fertilizer factories, systems for 
keeping account of the income and the outgo of chem
ical units are not common, and many factories are not 
under the direction of a chemist. As a result, in the 
average fertilizer factory, there is a most wanton waste 
of phosphoric acid in the manufacture of acid phos
phate and in the manipulation of mixed fertilizers the

1 R e a d  b e fo re  t h e  C o n v e n t io n  o f  T h e  N a t io n a l  F e r t i l i z e r  A s s o c ia t io n  
a t  A t l a n t i c  C i ty .  J u ly ,  1912.

losses frequently exceed the profits To a large extent 
these losses are caused by improper chemical control 
or the lack of it.

The days of large profits and splendid dividends in 
the fertilizer world are over. A  new era has dawned— 
a time of keen competition and close margins—a time 
when it is necessary that the smallest savings be 
effected. The wasteful methods of the past cannot 
be continued and the standard of the quality of the 
product must be maintained. There is no greater 
avenue to prosperity for the fertilizer manufacturer 
than that of applied chemistry. The question natur
ally arises, who shall apply the principles of chemistry 
in the fertilizer industry?

Fertilizer managers are occupied with the matter 
of sales and credits: frequently they are men who have 
risen from the ranks of the sales force and their training 
has not fitted them to handle the intricate chemical 
problems of the factory. On account of this they are 
accustomed to rely on fertilizer superintendents to 
look after such matters. The superintendent most
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frequently is a man who has been promoted from the 
manufacturing department and often has not given the 
subject of chemistry as careful consideration as he has 
the matter of efficiency of machines and the control 
of labor. It matters little whether this knowledge 
which we call chemistry is obtained at the fountain 
head in the factory or through the canned source of 
text books. It is very important that if a man possess 

. this information, it be harmonized and organized. 
“ Science is organized knowledge.”  The science of 
chemistry offers two fields for investigation: analytical 
chemistry, which takes things apart, or separates 
them into their component parts, and synthetic 
chemistry which takes substances and puts them to
gether to form new substances. The man who under
stands the principles of analytical chemistry and 
synthetical chemistry and has the ability to apply 
these principles in a fertilizer factory is a man most 
worthy of the name of chemist.

The trouble in the application of chemical principles 
in the fertilizer industry can most frequently be 
attr buted to the fact that managers and superinten
dents confuse the services of an analyst with those of a 
chemist. A  man who possesses certain chemical 
information and who is skilled in the manipulation of 
fancy pieces of glassware and who can perform certain 
cook book operations, as furnished him by the govern
ment, is an analyst. He is capable of disintegrating 
substances and can express the relation of the com
ponent parts in terms of percentages. In other words, 
an analyst is a man who undoes things; a chemist is a 
man who does things. It  would be well if all chemists 
were analysts and it is a deplorable fact that all anal
ysts are not chemists. If you have samples to be 
analyzed, send them to an analyst, but if you have 
chemical problems to be solved or dividends to be 
saved, consult a chemist; let him apply the principles 
of chemistry.

Under the head of Applied Chemistry perhaps there 
is no question of greater importance in the fertilizer 
factory than the manufacture of acid phosphate, and 
it is in an instance like this where the chemist does not 
receive credit for his labors. A pile of acid phosphate 
may run 2 per cent, insoluble and look exactly like 
another pile which runs only '/ , per cent insoluble. 
Y et the loss in this case would be i ' / j  per cent, or 
something like 75 cents a ton. The work of the 
chemical engineer is not appreciated because it is 
intangible. A chemical engineer can produce profits 
which frequently are not audited.

A certain fertilizer factory installed a chemist in 
their acid phosphate department and at the end of the 
first year he effected savings which amounted to $20,000; 
at the end of the second year the auditor credited this 
department with savings of $40,000 over the old 
system, and at the end of the third year he was credited 
with savings of $60,000 over the old system. In the 
meantime, the quality of the product which at the 
first had been none too good, had now become recog
nized as the best on the market. This was the work 
of a chemist.

A careful and systematic analysis of all raw materials

and mixed goods is an advantage that is not appreciated 
by every manager. Again, the chemical units can be 
compared to money. Any man will count his money 
regularly and systematically, yet the same man does 
not think it necessary to count or audit his chemical 
units systematically. The matter of 25 cents per ton 
profit is not to be scorned. If there is a variation in 
the quality of the materials, it is usually practical and 
possible to vary the formulae accordingly. This varying 
of formulae, however, becomes confusing and impossible 
if the materials have not been properly stored intheshed. 
Many manufacturers consider that all that is neces
sary is to unload the material. This is, indeed, a very 
poor way to handle the matter. Where large quanti
ties of fertilizer materials are being handled, some one 
should be delegated to know at all times how these 
materials are stored in order that they can be used to 
their highest chemical efficiency.

The chemical control of the manipulation of mixed 
fertilizers is a subject which has been sadly neglected 
and which amounts to losses of many thousands of 
dollars per annum. In no other industry is the custom 
prevalent to give 37 inches for a  yard as in the fertilizer 
world, and frequently the manufacturers of commercial 
fertilizers are not satisfied with giving away their 
goods, but they actually throw them away. A loss of 
$1.50 a ton in averages in a fertilizer factory in the city 
of Atlanta was reduced to 44 cents per ton through the 
agency of chemical control. This saving amounted 
to about $15,000 in one season. This was the work 
of a chemist.

The packers and the large interests have long since 
realized the importance of chemical economy and have 
delegated these responsibilities to a chemist. The 
independent plants frequently employ a chemist, or 
rather they maintain a laboratory and pay a man a 
salary to make chemical analyses, preferring that he 
occupy his time in this way. Unless there is some one 
in the factory to interpret the certificate of analysis 
and apply the principles, the whole procedure becomes 
a farce. Frequently fertilizer managers fail to con
sider. their chemist in the light of a professional man as 
they do their lawyer, and superintendents look upon 
the chemist as a kind of necessary nuisance whom they 
tolerate rather than seek.

From the early days of Liebig to the modern times 
of Cameron and Whitney, the devotees of the pure 
science of chemistry have applied themselves to the 
study of the nutrition of plants. The chemical 
engineers have done all in their power to foster the 
fertilizer industry and have met conditions nobly. 
I  refer to such men as the elder Grasselli who con
ceived, built and operated the plants of the firm that 
bears his name. The splendid results of Mr. Herre- 
scholl attest to his interest and ability. All over the 
South are modern plants which were designed and 
built by Nathaniel P. Pratt, and at all times the chemi
cal profession has met conditions and now stands 
ready to meet this new condition, the necessity for 
chemical economy.

6S V 2 N o r t h  B r o a d  S t r e e t ,
A tlan ta , G eorgia.
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CURRENT INDUSTRIAL NEW5
B y  W . A . H am or .

FACTORY INSPECTION.
The Blue Book containing the annual report of the Chief 

Inspector of Factories and Workshops for 19 1 1  has just been 
issued in London, and its contents should prove of great interest 
to those engaged in the study of industrial diseases. According 
to the Chemical Trade Journal, 5 1 , 4, the points of special in
terest to the chemical trades dealt with in the report are the 
following:—

Regulation fo r Dangerous 7 rades.— The regulations for the 
smelting of lead material, etc., render obsolete the special rules 
for lead smelting and for the manufacture of red, orange and 
yellow lead. Subject to certain exemptions for materials con
taining negligible quantities of lead, the code requires the sup
pression or removal of dangerous dust or fumes; the provision 
of overalls and respirators in certain processes; the exclusion 
of persons under 16 years of age and females from lead processes; 
the exclusion of persons from furnaces, etc., until ventilated; 
the restriction of the duration of work in flues and condensing 
chambers; the provision of meal rooms, etc.; and the periodical 
medical examination of workers in lead processes.

Chemical Works.— Hilditch states that although vats and pans 
containing liquid of a dangerous character are being fenced in 
conformity with Rule I, yet the deleterious action of acid fumes 
upon the stanchions and rails requires careful and periodical 
examination. Workmen frequently place a plank across a  full 
va t to save themselves the trouble of going around or between 
pots. Dunolly, owing to two fatalities, gave special attention 
to the fencing of the waste liquor settling tanks of ammonium 
sulphate plants. These tanks are about 5 feet deep, and are 
divided into two sections which are alternatively filled with the 
boiling waste liquor through a special by-pass channel. He 
explains that only one section— the one containing the hot 
liquor— is really dangerous, but the two workmen happened 
to fall into that tank.

Benzene Derivatives.— Last year one case of dinitro-benzole 
poisoning was reported, and it was thought that by the careful 
selection and timely suspension of workmen by appointed sur
geons, the cases could be reduced to a minimum. This year, 
however, 23 cases were reported. These were due to an ex
ceptionally warm English summer, with the consequent greater 
absorption of the poison by the more open pores. The method 
of manufacture is said to be still primitive, and more automatic 
working in places laid with impervious washable floors is con
sidered essential. An improved method of breaking up cake, 
enclosing of apparatus as much as possible, and provision 
of much stronger exhaust, arc urged as remedies. There were 
three cases of skin disease reported in 19 1 1  as against 16 in 19 10 ; 
one case of eczema and one of dermatitis from a factoiy in which 
dinitrochlorbenzolc is made; and two cases of aniline absorption 
among workmen in a factory where cotton cloth is dyed.

FACTORY VENTILATION.
It is stated in Popular Mechanics, 18 , 202, that the heating 

and ventilating equipment of a new factory building in Spring
field, Mass., includes two air-cooling machines of the water- 
spray type. The air is taken in through an opening in the pent 
house, enters the cooling machine, is drawn through the water 
spray, passes a number of baffle plates, continues through the 
fan into the stair well and passes from there through the louvers 
into the workrooms. After it has circulated through a work
room it leaves through the upper louvers in the center parti
tions and is drawn into the main stair well. The water for the 
machine is taken from the well at a  rate of about 60 gallons per

minute for each machine and at a temperature of about 54 0 
F . The manufacturers guarantee that air entering at 
950 F . and containing 9.3 grains of water to the cubic foot 
will be cooled to 78° F . I t  is calculated that under these 
conditions it will be possible to keep the temperature inside the 
building about 9 deg. lower than the outside, changing the air 
four times an hour.

MERCURY POISONING.
A  report on "M ercury Poisoning in the Industries of New York 

City and Vicinity,”  by Mrs. L . W. Bates, has been issued by the 
National Civic Federation. Outside of felt hat manufacture, 
the industries using mercury are not extensive; they are very 
limited within a radius of fifty miles of New Y ork City. In 
hatters’ fur cutting, a  solution of mercury nitrate is employed 
in carotting, and mercury poisoning is likely to happen in the 
subsequent process of cutting and brushing by inhalation of 
particles of fur impregnated with nitrate of mercury. Neither 
mercury nor any of its salts is used in hat making proper: mer- 
curialism results from the earlier treatment in carotting, yet 
much more poisoning occurs in the hat making than in the fur 
cutting processes, owing to the mercurial dust disseminated 
in ccrtain operations of hat making (blowing, forming, harden
ing, and sizing). Cases are cited and experiences are recorded 
to show that mercury is manifestly a poison which, in occupa
tions, is inimical to health and calls for regulation. Mrs. Bates 
concludes that the unhealthy nature of the trade should be 
placarded; that eating and drinking should be forbidden in rooms 
where mercurial processes are conducted; that ample washing 
facilities should be installed; that proper drinking water should 
be supplied; that sweeping should be superseded by vacuum 
cleaning; that the mixing of mercury and acids should be done 
after working hours; that rubber gloves and respirators should 
be supplied; that the hat industry should be regulated by 
special legislation, requiring the elimination from the atmosphere 
of steam, heat, acid fumes and mercury vapor, fur and dust, 
at their source of production; that regular medical inspection 
should be provided; and that compensation and insurance should 
be supplied for the men working in these processes.

SPECIFICATIONS FOR REFRACTORIES.
The Refractor}’- Material Committee of the Institution of 

Gas Engineers in their annual report deals with silica bricks, 
blocks, tiles, etc. (see J .  Gas. Ltg., 1 18 , 828). The materials 
covered by the standard specifications are divided into two 
classes, namely:

1. That containing 92 per cent, and upwards of silica, and 
termed "silica”  material.

2. That containing 80 to 92 per cent, o f silica, and called 
"siliceous.”

The requirements of each class of refractory materials follow.
Refractoriness.— Test pieces of the material shall show no sign 

of fusion when heated to the following temperatures: "S ilica”  
m aterial—not less than Seger cone 32 (about 17 10 °  C.). "S ili
ceous”  material— not less than Seger cone 29 (about 1650° 
C.). I t  is required that the test shall be carried out in an ox
idizing atmosphere, the temperature of the furnace being in
creased at the rate of about 50° C. per 5 minutes.

Surfaces and Texture.— The materials shall be evenly burnt 
throughout and possess a regular texture; there shall be no holes 
or flaws, and all surfaces shall be reasonably true and free from 
flaws or winding.

Contraction and Expansion.— A  test piece, when heated in a
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gas-mufile or clcctric furnace to a temperature of Scgcr cone 
12 for 2 hours, shall not show, on cooling, more than 0.75 per 
cent, linear contraction or expansion.

Variations from  Measurements.— In the case of ordinary 
bricks, 9 in. X  4 ‘/ s in. X  3 in. or 2 ‘/ 2 in. thick, there shall not 
be more than about i ' / 2 per cent, variation in length, nor more 
than about 2 1/ ,  per cent, variation in width or thickness; in 
all cases the bricks shall work out their own bond.

TH E UTILIZATION OF SU LPH ITE LIQUOR.
The waste liquor from sulphite mills contains from 12 to 20 

per cent, of highly colored organic matter. In order to use 
this liquor in the textile industry as a finishing material or in 
the leather industry as a filling, it is necessary to decolorize it; 
according to Paper  (8, 29), it has been found that phosphoric 
acid under certain conditions possesses the property of separating 
a red coloring substance from the liquor in an insoluble form; 
a recent German patent covers a process by which this is effected. 
To can }' out the process, all the free acids stronger than phos
phoric acid are first removed from the liquor: insoluble carbonates, 
such as calcium carbonate, arc added, and the excess is removed 
by filtration. Such an amount of phosphoric acid is then added 
that about equal parts of liquor and acid are present. The 
mixture is concentrated, and the organic thio-compounds in 
the waste sulphite liquor are decomposed by the phosphoric 
acid; sulphurous acid separates, while the phosphoric acid 
combines with the lime present as "sulpholignate”  to form an 
insoluble calcium phosphate which m ay be employed as a 
fertilizer. The separation of the red coloring matter occurs 
after the elimination of the sulphurous acid.

ITALIAN SHIPMENTS OF CARBON DISULPHIDE.
According to The Chemical Engineer (16 , 4 1), a  shipment of 

50 tons of carbon disulphide has recently been made from 
Catania, Ita ly , to the United States. This shipment, it is 
learned, is the forerunner of a monthly consignment of like 
amount. This fact, coupled with several inquiries received 
from rubber manufacturers, induces the belief that a shortage 
in the supply of that product exists in the United States. When 
it is considered that there is a  duty of 25 per cent, on the product, 
that owing to its highly inflammable nature difficulties are 
encountered in finding vessels which will carry it, that the 
freight is $18 .25 per ton, that the containers (iron drums) are 
of two-thirds the value of the product and are subject to a  duty 
of 45 per cent., it must be evident that the seeking of this product 
in a foreign market is hardly a matter of price, but is the result 
of inadequate production in the United States. There is one 
establishment producing carbon disulphide at .Catania, a  sulphur 
center, Sicily, namely, L ’lnsulare. It  began operations some 
12  years ago to supply a local demand, where the article is used 
in extracting the oil remaining in the residuum of olive oil presses.

TH E CONDITION OF TH E CHILEAN SA LTPETER  INDUSTRY.

According to Die Chemische Industrie, 35, No. 13, 420, in the 
period from May 1 , 19 1 1 ,  to April 30, 19 12 , the world’s salt
peter consignment was increased by 115,000 tons as compared 
with a similar period the past year. The total consignments 
for the year ending April, 30, 19 12 , were:

T o n s .
I n  E u r o p e  a n d  E g y p t .................................................................... 1 ,8 4 8 ,0 0 0
I n  t h e  U n i t e d  S t a t e s  a n d  r e m a in in g  c o u n t r i e s   5 5 0 ,0 0 0

T o ta l  c o n s ig n m e n ts .........................................................................  2 , 3 9 8 ,0 0 0

In 19 1 1 ,  the total consignments were 2,285,000 tons, 1,661,000 
tons of which went to Europe and Egypt.

The falling off in America is explained by the substitution of 
cotton-seed residue, much of which was on the market in 19 1 1 .  
This, however, is looked upon as a matter of passing importance.

In the last four months, the Chilean production decreased 5,000 
tons, owing to the scarcity of laborers and to the low price 
prevailing for saltpeter. There is also much competition in 
the saltpeter industry, while the ammonium sulphate industry 
is practically in one hand. It is stated that the nitrogen price 
varies 1 .3 1  M. per kg. for saltpeter and 1.39 M. per kg. in the 
case of ammonium sulphate.

METHYL CHLORIDE AS A REFRIG ERATIN G  AGENT.

Methyl chloride has been used to some extent as a means of 
producing cold and its use has been suggested in refrigerating 
machines. It  is non-poisonous, although anaesthetic, and by 
its evaporation a temperature of — 2 30 C. is produced, while 
with air-blowing a temperature of — 5 5 0 C. may be reached. 
A  mixture of 88 per cent, air and 12 per cent, methyl chloride 
by volume is exploded only by electric sparks or a powder fuse, 
and not by flames; when the content of methyl chloride falls 
below 10 per cent, or is raised above 15 per cent., the mixture 
docs not ignite {Z. Ges. Schiess- u. Sprengstoffw., 6, 304). Lach- 
mann and Heylandt Ges. m. b. H. (French Patent 438,727, 
19 12) now claim methyl fluoride cither alone or mixed with 
other gases, as methyl chloride, for use as a refrigerating agent. 
Considerable quantities of methyl chloride are wasted in the 
chlorination of denatured spirit, and it m ay be prepared, if 
required in large quantities, by the chlorination of natural gas.

ACCELERATING PAINT DRYING W ITH OZONIZED AIR.

A  method of hastening the drying of paint, particularly 
freshly applied paint on automobile bodies, by means of ozone, 
has recently been tried out. The ozone was carried by forced 
draft into the drying room, where it came into contact with 
"green”  paint on a newly painted body selected for the test. 
Another body, having an equal amount of paint spread over the 
same area, was placed in a natural atmosphere. A t the end 
of an hour the body kept in the ozonized air had gained 1.67 
per cent, in weight, while the other had increased only 1 . 1 3  
per cent. A t the end of a second hour the respective increases 
in weight were 3.34 per cent, and 1 .5 1  per cent.; while after 15  
hours the ozone-treated body had gained 19.74 per cent., as 
against a  total increase of 9.76 per cent, for the other. The 
treatment with ozonized air thus showed an advantage of more 
than 100 per cent, over plain air drying.

A NEW PROCESS FOR PRODUCING STEARIC ACID.

Another process for the production of stearic acid from oleie 
acid is claimed in a recent German Patent (No. 247,454). A c
cording to the specification, oleic acid or its esters is treated 
with concentrated sulphuric acid, and the product, after washing 
free from sulphuric acid, is reduced to stearic acid by means of 
an electric current. In more detail, the process is as follows: 
The sulpho-acid is washed with cold water to free it from sul
phuric acid, and is then dissolved in boiling water. The water 
solution thus obtained is made the catolyte in a diaphragm cell, 
a 30 per cent, sulphuric acid solution serving as the anolyte. 
Lead electrodes are employed, with a current density of from
2.5 to 10 amperes per sq. ft. After the passage of the current 
for about one-fifth of the time indicated theoretically—assuming 
100 per ccnt. current efficiency—as required to complete the 
reduction, the fatty  acids separate out and are again treated 
with sulphuric acid and electrolyzed. I t  is said that by re
peating the operation several times, oleic acid m ay be almost 
quantitatively converted into stearic acid.

THE RAPID PRODUCTION OF PU RE CREAM OF TARTAR.

In German Patent 247,452, recently issued, is described a 
simple means of obtaining cream of tartar of a high grade of 
purity by a single operation. The discovery was made that the
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presence of chloride or nitrate of aluminum increases the solu
bility of potassium bitartratc in hot water while it decreases 
its solubility in cold water. Accordingly, the process has been 
patented wherein the raw material is extracted with a hot solu
tion of an aluminum salt instead of with water, with the result, 
it is claimed, that a very large crop of crystals of at least 99 
per cent, purity are recovered on the first crystallization. The 
presence of aluminum salts in the liquors is said to have the 
further advantage of arresting fermentation.

“DURIRON.”

"D uriron”  is a new acid, alkali and rust-proof metal for which 
there has been considerable demand as a material for acid-cocks, 
concentrating pans, stirrers, pipe and bowls. It possesses a 
density of 6.56, a melting-point of 25500 F ., tensile strength 
of 15,000 pounds per sq. in., and a compression strength of
70,000 pounds per sq. in. It  is harder than cast iron, and it 
must be ground and not machined. The manufacturers state 
that the following tests were made in cold reagents on rough 
samples, as taken from the sand:

P ercentag e  l o sse s .

P eriod  of  im m ersion . 24 hrs. 48 hrs. 72 hrs.
Sulphuric acid, conc................................... none none
Sulphuric acid, 10 per c en t...................... . .  0.0142 0.0226 0.0309
Nitric acid, s tro n g ....................................... . .  0.0002 0.0004 0.0005
Nitric acid, 25 per cen t............................. . .  0.0004 0.0007 0.0008
Hydrochloric acid, conc............................ . .  0.0338 0.0641 0.0922
Acetic acid ..................................................... 0.0002 0.0003
T artaric  acid, 25 per c en t......................... . .  0.0006 0 .0 0 12 0 .0 0 12
Chromic acid, 10 per c e n t........................ . .  0.0002 0.0003 0.0005

. .  0.0013

. .  0.0008
Ammonium chloride................................... 0.0001 0.0002
Sodium chloride........................................... none none
Calcium chloride.......................................... none none
Cyanide so lu tion .......................................... none none

LEAD FOR CALKING JOINTS.
Lead has been used for centuries to calk pipe joints, the pro

cess in vogue being to melt the lead, pour it into the joint, and 
then calk or hammer the lead to expand it. Recently two new 
forms of lead have been introduced in England for calking. 
"R ibbonite”  lead, which is used for joint-calking, consists of 
shavings of lead twisted into the form of ropes, which are calked 
into water-pipe joints in the place of cast lead. Lead wool 
is also used for pipe joints and is now employed by m any London 
gas companies; it was lately used in making the joints in 71/ ,  
miles of water-piping at Staines, England. It  is announced 
that an American company has brought out lead wool and rope 
for calking purposes {Pop. Mech., 18 , 159). Lead rope is said 
to be made of especially refined metal, very finely stranded, 
each strand measuring 0.007 inch, and the rope '/ ,  inch in 
diameter. When hammered, this rope becomes very dense 
and no skill is said to be required to pack it into joints.

“ VANALIUM.”
“ Vanalium”  is an aluminum alloy, about 3 per cent, heavier 

than aluminum. It  bears rolling into sheets and drawing into 
wire, and can be worked very much like brass. It takes a 
high polish and resembles aluminum in color. "Vanalium ”  
is said to be unaffected by ordinary atmospheric conditions, 
and by hydrogen sulphide, carbonic acid, sulphurous acid and 
mineral waters. When cast, the metal has a tensile strength 
of over n  tons per sq. in., a  yield-point of 8 tons per sq. in., 
with an elongation of 8 per cent, in 2 in., and can be cast in either 
iron or sand moulds. B y  rolling, it is said that the strength 
is more than doubled, and by drawing, trebled. The alloy 
retains its hardness after being subjected to heat better than other 
aluminum alloys, and it melts at about 650o C. It  is not affected 
by sea-water and can be readily soldered.

“ ARGILITE.”
This new alloy, the invention of G. Jacquier {Mech. Eng., 

29, 757), is intended for the manufacture of pipes, tubes and 
armor plate. It  contains 90 per cent, aluminum, 6 per cent, 
copper, 2 per cent, silicon, and 2 per cent, bismuth, and is said 
to be light, hard and to possess great resistance to pressure and 
corrosion.

A WATER FLOW RECORDER.
The Lea W ater Flow Recorder, described in The Engineering 

and M ining Journal (93, No. 22, 1089), is said to show all ir
regularities in the boiler feed, to record the quantity of water 
evaporated per pound of coal, and to thus show the number 
of heat units in the coal.

The apparatus works on the V-notch weir principle and is 
described as follows: A  float spindle passes through the bottom 
of the instrument case, gearing into a  small pinion upon the 
axis of a drum revolving between centers. Upon the body 
of the drum is a  screw thread, the contour of which is the curve 
of flow for the V-notch, in conncction with which the recorder 
is used. The spiral drum serves a double purpose: Its screw 
thread rectifies the motion of the recording pen, so that it moves 
equal distances for equal increments in the rate of flow; it 
provides a magnified scale for making an accurate observation 
of the rate of flow at any moment.

The actual depth of water in the notch can always be observed, 
and the instantaneous rate of flow in pounds or gallons can be 
seen with accuracy. The recording pen which moves in direct 
proportion to the rate of flow produces a diagram, the area of 
which is a measure of the total quantity, and this can easily 
be deduced by means of a standard planimcter.

Heretofore, the Lea recorder was made on the open or at
mospheric principle, but recently the manufacturers added a 
new type. The notched tank is made of cast iron, similar to 
the standard open-heater construction. The tank is entirely 
closed and is suitable for withstanding any pressure or vacuum 
up to 10 lb. The operating liead of the Lea recorder is only 
about 18 in. and is made in sizes from 200 to 10,000 boiler r 
horsepower.

Besides being used for the measurement of boiler-feed water, 
steam consumption, etc., the Lea recorder can also be used for 
measuring pump discharges, flow of streams, acids, etc. For 
measuring the flow of acids the apparatus is provided with 
wooden tanks lined with lead, and the V-notch plate is similarly 
made. Hard lead or glass, however, can be used.

The apparatus is guaranteed to produce records which shal 
be within i ' / 3 per cent, of absolute accuracy by weight; also 
that the average error due to variations of temperature over 
a  range of 50 0 F . (t. e., 25 0 F . on cither side of the normal) shall 
not exceed 0.5 per cent.

THE MANUFACTURE OF SUCTION HOSE.
The fabrication of suction hose is described in the India- 

Rubber Journal, 44, 22, 73. This type of hose, generally used 
in connection with pumping operations of all kinds, is armored 
either inside or out, or both. In suction hose with a  spiral 
wire inside, the canvas used should weigh from 12 to 16 oz. per 
yard and should be made of Egyptian or American cotton; 
the wire should be galvanized. For 2 inch suction hose, the 
following particulars are given:

1  ply. 2 ply. 3 ply. 4 ply. 5 ply
W ire ...................................... ................ 12G 12 12 12 12
Inside ru b b er..................... ................ 17G 17 17 17 17
W idth  canvas..................... .......... 7 K 14 2 1  K 2 9 'A 37
Outside ru b b er................... ................  23G 23 23 23 23

For suction hose up to i l/ A in. diameter it is usual to run the 
inside lining on to a mandril by a tubing machine; for larger 
sizes, it is considered advisable to build these up by hand in
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the usual manner. For suction purposes, the spiral armoring 
wire is most satisfactory if put around the inside rubber lining, 
for it tends then to prevent the drawing-in of the canvas when 
pumping commences. For pressure hose, it Is considered ad
visable to have the layer of canvas rolled on to the inside rubber 
coaling, the wire armoring then being proceeded with on the top 
of this. There are three general forms of suction hose: round 
wire suction, flat wire suction, and internal wire suction. Some 
times the hose is bound with cord after the cloth wrapping is 
carried out. Outside armoring is advised only where there is 
rough usage.

HEAT TRANSMISSION IN VACUUM EVAPORATOR TUBES.
M’Cormack, Dormitzer and Roleson conducted a scries of 

experiments to determine the efficiencies of a Swenson evaporator 
using tubes of four different materials, namely, copper, steel, 
lead and tin. (Chem. Eng., 16, 1). Since it is known that slight 
variations in the composition of the metal exert considerable 
influence 011 the heat conductivity, the tubes tested were analyzed 
b y  standard methods. The results show that the efficiency 
is highest for the copper tubes and next highest for the steel 
tutics; this is as one would expect, as copper and steel possess 
a  higher coefficient of heat transmission than the other materials 
used, and also owing to the fact that the copper and steel tubes 
used were from one-third to one-fourth as thick as the other two 
sets of tubes. Although the coefficient of heat transmission 
for tin is greater than that of lead, and although the lead tubes 
were about one-eighth thicker, the efficiency of the latter was 
found to be greater. In general, it may be said that there was 
found to be very little difference in the efficiencies for the various 
tubes, the maximum difference being 6 '.~ per cent. As the authors 
note, this is doubtless to be attributed to the fact that with 
tubes of this small thickness the coefficient of heat transmission 
does not materially effect the efficiency.

A NEW CRUDE OIL ENGINE.

The “ Blackstone”  semi-Diesel type of crude oil engine, de
scribed in Gas and Oil Pouer, 7, 471, is said to be capable of 
working on all kinds of crude oils, both shale and petroleum, 
as well as upon petroleum residues, consuming the fuel without 
leaving any residue and this without the aid of an abnormally 
high compression. The fuel is injected into the cylinder by 
means of compressed air at 400 pounds, the main air compression 
in the cylinder being not more than 150 pounds. The fuel 
chargc is ignited by a flame produced by the combustion of 
a small auxiliary charge of oil injected at every cycle into a 
bulb or igniter kept hot by the repeated combustions. The 
main cylinder fuel spray is regulated by the governor, and the 
engines run economically on any load. A  feature of these engines 
is the prolonged injection of the main spray fuel, which main
tains the initial pressure during a considerable portion of the 
working stroke, thus ensuring a maximum amount of power 
with a minimum of cylinder volume. This type of engine is 
made both stationary' and portable, the stationary up to 300
B. h. p. Vertical multi-cylinder engines are also manufactured 
for marine purposes, driving dynamos, etc.

A DOUBLE-OILING SYSTEM  PUMP.
The "Sterling”  double-oiling system pump, described in 

Pouer, 36, 103, is designed to handle clean and dirty oil at the 
same time. The main casting contains a steel rack plunger 
which is reciprocated by a gear segment fastened to a shaft 
extending through the pump and having at its outer end a lever 
connected to some moving part of the engine. The operating 
lever has eight adjusting holes to control the amount of oil 
pumped, and it is also adjustable on the shaft which it drives 
so that it m ay be set at any angle. It is therefore possible

to arrange the movement of the main pumping plunger so that 
it will travel from its extreme position at the end of the stroke 
inwardly much or little and the pump may just comfortably 
handle the amount of dirty oil which it receives without drawing 
large quantities of air through the receiving well of the dirty- 
oil system. The driving rod connecting from the engine to the 
pump is 3/ ,  in. pipe. The pump casting has a  hollow portion 
in the top which acts as an air cushion or dome for the discharge 
of both ends and the steel ball valves at each end are accessible 
without disturbing any piping or removing their seats.

A IR -JE T  CHIMNEY VENTILATOR.
A  Philadelphia firm is manufacturing a ventilator system in 

which the draft is created by an air-jet chimney ventilator, 
the operating air being produced b y  a rotary blower which 
creates a suction or negative pressure in the furnace. On the 
average, the blower consumes 0.5 per cent, of the fuel burned, 
and at the heaviest load of the grate 1 per cent. The com
bustion gases do not pass through the blower, so repairs and 
replacements are not expensive. The system is said to con
siderably increase the capacity, efficiency, and advantages of 
the superheater and economizer, as but a small quantity of gases 
of high temperature are utilized in them. With a varying 
steam consumption, it is claimed that one boiler m ay be forced 
for a time without putting extra boilers in operation, and, 
most important of all the advantages, it is possible to use low- 
grade fuels such as lignite, brown coal, etc., in the furnace.

TH E UTILIZATION OF PEAT.
In 1907, the peat industry of Europe was investigated by the 

Department of Mines of Canada, and later a report was pub
lished in which the European practice was discussed in detail. 
In order to determine the possibilities of peat fuel for industrial 
purposes, the Department purchased some 300 acres of peat bog 
and has been experimenting with the foreign systems. In 
the manufacture of air-dried fuel from peat bogs, the peat has 
been dug b y  hand, transferred by an elevator into a mill, the 
resulting pulp conveyed by cable cars to the drying fields, 
rolled into a sheet about 4 in. thick by a press, and divided by 
knives into blocks which4 arc then dried on the field. Allowing 
140 days for a  season’s work, the cost of fuel on the field is said 
to be S i .40 a ton and when stored in the shed $1.65 per ton. 
In Sweden, the cost of a plant for the manufacture of 20,000 
tons of peat powder by the Ekelund system is $86,000, and the 
cost of producing one ton is $2.30; in Canada, however, the cost 
per ton is higher, for common labor in Sweden gets a wage of 
but $1.00  to $ 1.22  per day of 10 hours. While peat powder 
has been found to be satisfactory as a fuel in Sweden, because 
of the expense of production, waste of available nitrogen, etc., 
Eugene Haanel,' the Director of the Department of Mines of 
Canada, has concluded, after considerable experimentation, 
that the proper method is to gasify the peat in a suitable pro
ducer, along the lines of the ideas advocated by Frank and 
Caro, and also applied in Ziegler’s peat gas-producer; and con
siders that in order to make the peat industry profitable, a  20 
hour day, working 2 shifts, must be adopted, as the real season 
for working a Canadian bog is not over 1 10  working days a year.

Thackara (The Gas Engine, 14 , 318 ) states that the pro
duction of gas from peat having a water content up to 20 per 
cent, for use in suction gas engines has met with considerable 
success in Germany, but for a number of years efforts have been 
made to utilize peat with a water content as high as 50 to 60 
per cent, and thus eliminate the expensive drying process. 
It is now found that peat containing 40 per cent, of water and 
costing $0.57 per metric ton, may be used with the Gorlitz 
engine, the consumption per kw.-hr. being 3.43 pounds for one 
trial and 5 .31 pounds for another.
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NOTES AND CORRESPONDENCE
SEAWEED, POTASH AND IODINE.

In T h i s  J o u r n a l ,  Vol. 4 , No. 8 , page 6 2 3 , which has just 
come to hand, there is a note by Hendrick Knudsen, entitled 
“ Sea Weed, Potash and Iodine, A  Criticism.”  The criticism is 
of a  preliminary report prepared b y  myself, on work done last 
year under m y direction and published as Senate Document 190, 
Sixty-second Congress, Second Session. The major part of the 
criticism is captious, indefinite, an expression of personal 
opinions and calls for no comment. Some of the statements, 
however, m ay prove not only misleading but quite mischievous. 
The author claims to be an expert with more than 20 years’ ex
perience. But Mr. Knudsen has not studied nor had any 
practical experience with the giant kelps of the Pacific Coast 
and totally misapprehends the conditions existing there in 
assuming that the methods formerly employed in Norway are 
applicable. Moreover, he is looking at the matter from the 
point of view of iodine production, while I  was concerned with the 
possibility of utilizing the kelps as sources of potash. This is 
clearly evident from a reading of the present critique as it was 
in a plan for the investigation which Mr. Knudsen submitted 
for m y consideration before the work was undertaken. I 
disagree absolutely with Mr. Knudsen’s conclusion that potash 
from kelp can come only as a by-product of the iodine industry. 
Rather, so far as the Pacific kelps arc concerned, iodine pro
duction is a possible side issue to a very probable potash in
dustry.

It  would appear from the critique that Fucus was given 
special consideration. This is not so, as it is discussed only 
incidentally in a general consideration of the algae. Lam inaria, 
the species of especial importance as iodine gatherers, are not 
particularly prominent on the Pacific Coast, and there is no 
great promise that an iodine industry per se m ay be looked 
for there. A s the Senate Document clearly shows, the im
portant "p o ta sh ”  varieties are Ncreocystis leutkeana in northern 
waters, and Macrocystis pyrifera, south of Point Sur. These 
occur in large beds or groves of practically pure stands. Drift 
kelp washed ashore is gathered and sold to some extent now, 
but is not, nor is ever likely to be, worthy of being designated 
as a commercial industry.1 It is appreciably lower in potash 
content than the growing kelp.

Mr. Knudsen’s labored calculations to prove that the stand 
of giant kelps is not sufficient to meet this country’s potash 
requirements ignore the facts. About 1,250,000 tons of potas
sium salts are imported, varying in composition from 8 to 65 
per cent, potash content but far more of the lower than of the 
high grades, so that the average composition corresponds to 
appreciably less than 25 per cent, potassium chloride. More 
than this quantity of potassium chloride, in kelp, is shown in 
the maps in Senate Document No. 190, and vastly more will be 
shown when our entire resources arc mapped and estimated as 
will no doubt be done in due course of time. Even more wide 
from the mark are Mr. Knudscn’s calculations of the cost of 
harvesting. I f  one man had to row out to the beds, cut and 
drag ashore and burn enough kelp to make a ton of ash, it might 
very well cost $22 and probably much more. It  will not be 
done that w ay, however, and enough has already been done to 
show that with large scale mechanical devices, the cost of 
harvesting and drying the kelp should not be a tenth of what 
Mr. Knudsen estimates.

Knudscn’s estimates of cost of production are absurdly wide 
of the mark. I cannot give any figures with a claim for accuracy, 
for there is not sufficient existing experience on which to base 

1 There is a  com pany on the  Sou thern  C alifornia Coast, whose process 
is to  cu t the  kelp and m arket the  chopped green p roduct for direct app li
cation to  the  soil.

accurate calculations. From what I have seen d.me with an 
experimental plant, I estimate that at several points on the 
California coast the kelp can be cut, hauled ashore and dried at 
about 85 cents, and certainly less than $ 2 , a dry ton. This 
dried kelp can be ground in a  ball mill for less than 40 cents a 
ton. Besides containing organic matter, nitrogenous materials 
and appreciable amounts of phosphates, all with a value for 
fertilizer purposes, it will contain 25 per cent, or more of potas
sium chloride, worth more than 70 cents a  unit as present 
prices go. Consequently I should revise Kuudscn’s estimates 
to the following:

Value per ton  t2,000 lbs.) of dried k e lp ....................................................  $10.50
Cost of harvesting .............................................................................. $2 .0 0
G rinding................................................................................................  0 .40
O verhead charges............................................................................... 0 .15
Selling cost, e tc ................................................................................... 0-. 10
D eprecia tion ........................................................................................  0 .05

$2 .70  2 .70

P ro fit.....................................................................................................................  $ 7 .80

This estimate does not include the item of containers nor 
transportation charges. The real problem is whether the margin 
is sufficient to meet such charges to points of present demand 
for potash fertilizers. I t  is expected that the opening of the 
Panama Canal will answer this question.

This ton of dried kelp will contain about 6 pounds of iodine, 
worth (Knudsen's figures) $ i  1.52. W hat it would cost to obtain 
this iodine cannot ye t be estimated satisfactorily. Undoubtedly 
oil fuel and a retort would be used. I t  is inconceivable that 
the archaic kelp ash method assumed by Knudsen would receive 
any consideration on the Pacific coast. While disclaiming any 
accuracy for the following figures, I  regard them as far more; 
reasonable estimates than those of Mr. Knudsen:

H arvesting  and drying per ton  of dried kelp ........................... $2 .00
F u e l......................................................................................................... 1.50
L ab o r.....................................................................................................  0 .45
Chem icals..............................................................................................  1 . 1 0
O verhead charges.............................................................   0 .15
D eterioration, in terest, e tc ................................................................. 0 .10
Selling cost for p o t a s h .......................................................................  0 .10
Selling cost for iodine........................................................................... 0 .50

$5.90
800 lbs. salts. 60 per cent. KC1, a t  75 cents per u n i t .............................. $10.60»
6 lbs. iodine, a t  $1.92 per pou n d .................................................................  11.52

$22.12
E xpense................................................................................................................  5 .90 '

P ro fit.....................................................................................................................  $16.22

Apparently it would pay better to recover the iodine but, 
as pointed out in Senate Document No. 190, the market does, 
not exist for all that could be produced from kelp. Moreover, 
there is good reason to believe that the present price is an 
artificial one and that iodine from the mother liquors of Chile 
saltpeter could and possibly would be put on the American 
market at any figure at which iodine from kelp could be pro
duced. Iodine from kelp, therefore, seems to be largely a 
question of finding increased uses for iodine, but potash from kelp 
seems to be a certainty, either when our western states come 
to use fertilizers or when reasonable transportation charges to- 
the E ast have been established.

Whether or not it would be profitable to prepare from the 
kelp salts, potash salts of high purity, is still another question. 
I t  can undoubtedly be done since, technically, the problem is 
not any more, if as difficult, as the preparation of such salts from 
the Stassfurt materials. The labor and transportation factors
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on the Pacific Coast are too uncertain as yet to justify  any defi
nite estimates, and opinions only arc hardly worth offering.

F r a n k  K .  Ca m e r o n .
B u r e a u  o f  S o il s ,

D e partm ent  o f  A g r ic u ltu r e ,
W a s h in g t o n .

ORDINARY W RITING FLUID FOR MARKING PORCELAIN 
C RU CIBLES.

Editor o f the Jou rn a l o f Industrial and Engineering Chemistry:
In the article on “ Marking Porcelain and Silica Crucibles, 

etc.,”  published on page 567 of the August issue of T h is  J o u r n a l , 
I note the author has experienced a great deal of difficulty in 
permanently marking glazed crucibles and also note that he 
has gone to considerable trouble to remedy this difficulty.

While I  was employed as "helper”  in the U. S. Food and 
Drug Inspection Laboratory, Portland, Oregon, the same trouble 
was experienced there, as it is no doubt in most laboratories. 
We had been marking the crucibles on the bottoms with a piece 
of magnetite or some other iron ore, but this was impractical, 
as each crucible had to be lifted up to read the number, so I 
tried the iron in the form of ordinary black writing fluid from 
m y fountain pen, on the glazed side of the crucibles. The 
method is as follows:

The crucibles arc washed and dried with a clean towel, the 
numbers put on with the pen and dried carefully so as not to 
make the outlines of the figures ragged, by holding them about 
a foot above the Bunsen burner. The ink is applied two or 
three times, drying after each application and holding in a 
position so that it will dry in a uniform mark. After the ink 
is well set, the crucible is held in the flame and heated for about 
two minutes after it has become red hot. This oxidizes the 
iron in the ink and bum s it into the porcelain, thereby marking 
it with a beautiful reddish gold numeral which cannot come off. 
I f  difficulty is experienced in placing a neat numeral on the 
cruciblc it m ay be outlined in dots, which gives a very pretty 
effect.

This simple method furnishes a reagent which is always at 
hand and one that is inexpensive, quick to apply and permanent. 
After three years’ use, marks made in this way show up as bright 
as when they were taken out of the flame.

Very respectfully,
Cl a u d e  D. Ma so n .

Idaho  St a t e  B oard o f H e a lth ,
B o i s e , A u g u s t  1 2 ,  1 9 1 2 .

TH E NEED OF CHEMICAL CONTROL IN FURNACE 
OPERATION.

During the past year I have visited several hundred power 
plants in this section of the country and as a chemist have been 
particularly impressed with the lack of instruments for deter
mining furnace efficiency, ». e., automatic COa recorders and 
continuous gas samplers for sampling flue gas over a period of a 
number of hours; even the familiar Orsat apparatus is notable 
b y  its absence. Furthermore, in 90 per cent, of the cases, in 
the few plants where something of xhe kind was found, the instru
ments had been consigned to the scrap heap or stored and were 
never used.

The reason seems to lie in the thought that with coal a t S i .50 
per ton the possible saving would not be worth while. B u t it 
has been conclusively proved that the use of these instruments 
will result, even in this low-priced fuel district, in saving both 
the cost of instruments and of operation m any times over. 
The losses which take place in furnaces are the most glaring 
of modern plant operation, ye t they receive the least attention.

To the chemists the cause for this is not far to seek. Com
bustion is essentially a chemical process and it is easier for him 
to comprehend the chances for loss than one not thoroughly 
versed in the science. Still more important is the fact that

the determination of furnace efficiency involves analysis of the 
flue gases, a chemical process involving the handling of the deli
cate gas analysis apparatus, an operation requiring some little 
skill and more or less constant attention from day to day. This 
same skill, however, is not greater than necessitated b y  m any 
other operations carried on daily by the stationary engineer. 
W hy, then, is this not done? Sim ply because the man who has 
charge of the boiler room has not been trained in these lines 
as he has in others.

R ight here lies the opportunity for the chemist, if there be 
one connected with the plant, to make a great saving in opera
ting expenses, with a minimum amount of effort and time on 
his part. In those plants where I found furnacc efficiency at 
the highest and the instruments for its determination in suc
cessful operation, this part of the work was in charge of the 
chemist. I t  took very little of his time for a reliable labora
tory boy had been trained to do most of the work and make 
the necessary reports. R . C. B e n n e r .

D epartm ent  o p  In d u st r ia l  R e sea rch ,
U niv e r sit y  o f  P ittsbu r g h .

TH E ESTIMATION OF OXYGEN AND OCCLUDED GASES IN 
COPPER, ETC.— AUTHOR’S NOTE.

The methods of analysis given in my articlc under the above 
title-(Tm s J o u r n a l , 4, 402), may be simplified by the following: 

In the purification of Carbon Dioxide (p. 403), for tube (A), 
substitute: “ A  bulb tube of Cr0 3 +  H„SO, (sp. gr. 1.84) heated 
by 1 foot of resistance wire wound over asbestos; then omit 
(D), the tube of dry chromous chloride.”

In the purification of hydrogen (p. 403), for A, B  and C, 
substitute the heated bulb tube of Cr0 3 +  I I2SO, described above.

If it is not convenient to use resistance wire for heating 
these bulbs, a  lamp will answer the purpose.

G e o r g e  L. H e a t h .
II u b b e l l , Mic h .

CHEMICAL INDUSTRIES OF NORWAY.
B y Co n su l  Thom as H . N orton .

Numerous factors have combined to retard the industrial 
progress of Norway. The climate is severe, coal is lacking, 
the mineral deposits are not easily accessible, the area of tilla
ble land is very limited, and the industrial education of the peo
ple is not advanced.

Less than 3 per cent, of the land is under cultivation, about 
25 per cent, is covered b y  forests, and the reminder consists 
essentially of moors, mountain pastures, lakes, and marshes. 
The conditions of life have been comparatively hard and emigra
tion extensive. Exports to other countries have been limited 
chicfly to timber and the products of the extensive fisheries.

There is, however, now a marked change for the better. Nor
w ay bids fair to develop into an industrial state of considerable 
importance, and the chemical industries are the ones coming 
most prominently to the fore in the movement. The first step 
forward was taken in the development of the wood-pulp indus
try . The second, and most important for Norw ay’s future, 
was the utilization of the country's magnificent water power 
for the establishment of electrotechnical and, more especially, 
of electrochemical industries on a scale impossible in any other 
European land.

The general movement forward in the manufacturing indus
tries of the Kingdom, and more specifically in the various branches 
of applied chemistry, m ay be measured by the growth during 
the decade 1897-1908. I t  should be stated, in this connec
tion, however, that a very noticeable increase in the establish
ment of new factories, mills, etc., began in 1890. I t  reached its 
maximum in 1899. There was a decline in the rate until 1904, 
when a new period of activity set in, and has continued uninter
ruptedly until the present time.
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During the decade ending 1908, there was in Norwegian in
dustry an increase of 45 per cent, in the number of "years of 
w ork,”  i. c., the total number of days of work in a year divided 
by 300. This increase is five times greater than the increase 
of population. During the same period there was an increase 
of 159 per cent, in chemical manufacturing branches. There, 
was an absolute increase of $21,440,000 in the amount of wages 
paid to operatives, representing an advance of 82 per cent. 
This advance in chemical industries amounted to 333 per cent.

The average annual wage for all operatives, in all industries, 
was $2 10 .38  in 1897, in 1908 $264.52, an increase of 26 per cent. 
In chemical industries the average annual wage advanced 67 
per cent, during the period. The average daily wage of adult 
operatives in all industries was $0 .82  in 1900, and $0 .9 2  in 1908.

Statistics o f the Chemical and Allied Industries.— In 1897 there 
was, on an average, i / i  horse power employed per operative 
in Norwegian factories. In 1908 it had increased to 2>i horse 
power. The average establishment employed 45 horse power 
in 1897 and 76 in 1908.

Industries.
Opcra- 

Factories. tivcs.

Average
daily

wage.
H orse
power.

Chemical industries proper.
Bone grinding.................................. 4 10 S .072 95
Calcium carb ide.............................. 7 1,158 1 . 2 0 59,350
Chemicals:

H eavy ....................................... 13 429 0.94 729
M inor (ink , blacking, e tc .). 19 80 0.61 61

Colors................................................. 8 66 0.84 108
Electrochem icals............................ 9 675 1.18 40,045
Explosives........................................ 8 133 0 .90 235
Fertilizers.......................................... 13 132 0.69 638
G lue.................................................... 2 57 0 .76 142
Insu lating  m a te ria l........................ 3 1 1 1.36 12
M atches............................................. 5 918 0.73 464
Pharm aceutical p roducts ............. 10 52 0 .60 23
T ar p ap er.......................................... 2 8 0.72

3 12 0 .79

T o ta l.............................................. 106 3,741 101,902

Candles, oils, power, etc.
C an d les ............................................. 2 25 SO. 47 8
Electric power, cen tra ls ............... 53 459 1 . 1 0 137,167
G as works......................................... 6 57 1 .0 0 34
Oils and by-products.................... 17 376 0 .8 8 896

1 6 0.77
Petroleum :

B rique tting .............................. 1 4 0.78 3
Refining.................................... 2 56 1.06 37

Soap .................................................... 39 338 0.72 158
Steam  power houses...................... 3 5 1 . 0 1 367
Train  oil:

Refining.................................... 36 160 0.76 33
R endering ................................ 15 87 0.80 73
Above com bined.................... 9 32 0.85

T o ta l.............................................. 184 1,605 138,777
Allied industries.

Cem ent............................................... 1 160 $0.96 1,360
Copper sm elting.............................. 4 232 1.00 1 , 1 0 0
G lass................................................... 9 1,143 0 .84 214
Iron  w orks........................................ 4 58 0 .89 320
Mining of apatite , m inerals, etc. 66 511 0.8 6 65
Ore m ining....................................... 1 1 1 4,877 1.13 16,016
P a p e r.................................................. 33 3,492 0.91 19,006
Tanneries.......................................... 78 567 0.S7 860
T reatm ent of m inerals................. 6 168 0.73 531
W ood pulp:

Chem ical.................................. 23 4,563 1.00 27,307
M echanical............................... 66 3,475 0.94 108,188

T o ta l.............................................. 401 19,255 174,967

G rand to ta l .................................. 691 24.601
f

415,646

The above table has been compiled to show the exac
status of the Norwegian chemical industry in 1908, giving data 
on each separate branch. The classification of the Norwegian 
census is followed.

Importation o f Heavy Chemicals.— In  regard to most chemical 
products, Norway is still largely dependent upon other coun
tries. Apart from her electrochemical industries, there is a 
fair development of the manufacture of matches, cellulose, 
fertilizers; oils, candles, iodine, and oxalic acids.

The heavy chemicals are imported chiefly from Germany 
and Great Britain. Sulphuric acid is manufactured cheaply, 
as the Norwegian pyrites is of excellent quality and is shipped 
in large quantities to other countries. The product of the three 
acid works in active operation is used chiefly for the manufac
ture of superphosphate and is inadequate to cover the needs 
of domestic industry. There is an annual import, valued at 
$42,000. F ive  small establishments furnish washing soda in 
crystals, but the main supply of soda ash, caustic soda, Glauber’s 
salt, and bleaching powder is secured from Germany and else
where, as tile country is dependent upon imported salt.

The utilization of kelp as a  source of iodine and potash salts 
continues to be a prominent industry on the shores of Norway. 
As in the case of Scotland, Normandy and Japan, conditions 
seem to enable this time-honored branch still to maintain the 
competition with Chile iodine. In view of the exhaustion, 
within a measurable time, of the Chile nitrate deposits, it is 
well that the kelp industry is kept alive, and that studies are 
made to perfect its processes. There are nine establishments 
along the Norwegian coast occupied with this branch. Besides 
supplying the home demand, they exported in 19 10  iodine to 
the value of $53,000 and 2,318 metric tons of kelp ash, valued 
at $64,000 (metric ton =  2,204.6 pounds). The current price 
of the latter is $ 2 7 .34  per metric ton. Less is done in Norway 
than in Scotland to extract potash salts in a commercial form 
from this ash, although all of the kelp works furnish potash 
fertilizers. There is, however, a process in use for extracting 
from the kelp, before incineration, a highly mucilaginous sub
stance that is a  combination of potash with an acid present in 
seaweed. I t  is used to some extent in finishing textiles and is 
brought into commerce under the name of "norgine.”

Manufacture o f Oxalic Acid— Copper Pigments— Matches.—  
One large lumber firm at Fredcriksstad carries on very success
fully the manufacture of oxalic acid. I t  is made by fusing saw
dust with a m ixture of the caustic alkalies. Sodium oxalate 
is separated b y  crystallization from the solution of the fused 
product and transformed into calcium oxalate b y  treatment with 
milk of lime. The pure acid is secured from the calcium salt 
by the usual treatment with sulphuric acid. The export of 
oxalic acid, amounting to $37,000 in 19 10 , goes chiefly to the 
United States. The firm in question manufactures also such 
oxalates as are demanded in commerce.

The manufacture of copper pigments for use on the hulls of 
both wooden and steel vessels is highly developed in Norway, 
as is to be expected in a country possessing so extensive a mer
cantile marine. Nine establishments make a specialty of this 
product, and there is an annual export valued at $58,000.

Electrochemical Industries.— It  is in the recent establishment 
of electrochemical industries upon a grand scale that Norway 
has disclosed her latent power as a coming factor in the field of 
applied chemistry. The vast, hitherto almost ncglected water 
power is now being harnessed, one factory after another is com
ing into existence, and soon the Kingdom will present a  remark
able exhibit of varied chemical industries, contributing largely 
to the world’s markets and rapidly enriching the land.

This change began in 1899, "-hen the first calcium carbide 
factory was built. The number of works has steadily increased 
until now there are seven in operation. In 1905 the first air- 
nitrate works began operation. Now a second on a much larger 
scale is about to open, and others are planned. In addition, 
there is a factory for cyanamirie, one for sodium, one for alum
inum, one for nickel, one for ferrosilicon, and one for electro 
steel. There arc also several smaller experimental plants.
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The products of these factories exported in 19 10  had the follow
ing values: Calcium carbide, $1,627,000; calcium cyanamide,
$184,000; calcium nitrate, $507,000; sodium nitrate, $58,000; 
sodium nitrite, $309,000; aluminum, $437,000; sodium, $63,000; 
ferrosilicon, $192,000; total, $3,377,000.

The exported products in the above categories were valued 
a t $2,717,000 in 1909. The annual increase at present in the 
value of electrochemical products, as far as it  can be measured 
by export statistics, is thus $660,000.

Manufacture o f Calcium Carbide— Calcium Cyanamide.—The 
manufacture of calcium carbide was the pioneer electrical 
industry in Norway, and considerable English capital has been 
invested in this branch. A  French company operates one 
plant at Hafslund. The Kellner Partington Paper Pulp Co., at 
Borregaard, is a  good example of foreign investment in Norway. 
The company utilizes 24,000 horse power, and employs 3,000 
workmen in its carbide factory, ferrosilicon works, and large 
pulp mill. I t  is the largest industrial establishment in the K ing
dom. The Albion Products Co., a t  Notodden, and the Alby 
United Carbide Factories at Odda, are two other large English 
undertakings. A t Trondhjem, the Meraker. Carbide &  Smelting 
Works have added to their extensive works plants for pro
ducing ferrochrome and ferrotitanium. The seven carbide 
works employ a total of 60,000 horse power. They are all 
located 011 the coast or on navigable rivers, and manufacture 
almost exclusively for exportation. In 19 10  they shipped 
50,579 metric tons at an average price of $ 3 2 .16  per ton. The 
average daily yield per horse power is roughly estimated at 2 ‘/a 
kilos, or 843 kilos in the year. In German factories the yield 
ranges from 3 to 5 kilos, as compared with a theoretical m ax
imum of 8 kilos. The equipment of the carbide factories in 
Norway is essentially the same as that of the American fac
tories.

An English company,- the Northwestern Cyanamide Co., has 
built large works at Odda, on the Hardanger Fjord, and estab
lished on a successful basis the manufacture from atmospheric 
nitrogen of calcium cyanamide, which is competing with Nor
wegian calcium nitrate for recognition as the most economic 
form in which the air can furnish nitrogenous compounds for 
the needs of agriculture. The firm shipped 752 metric tons 
in 1909 and 4,281 tons in 1910. The price is $42.88 per metric 
ton. The industry is evidently on a firm footing and finds a 
market for its products, as do the similar works in Germany.

A ir  Nitrates—Sodium.— A t Notodden, in 1905, the first fac
tory for manufacturing nitric acid directly from the elementary 
gases of the atmosphere was erected. In an enlarged form 
it now gives occupation to 500 workmen, and is daily demon
strating the remarkable possibilities of this hew factor in chem
ical industry and in economic evolution. The factory furnishes 
all the nitrates required for Norway in agriculture and the arts, 
and is shipping constantly increasing quantities to foreign coun
tries. The exports for two years were as follows: 1909, calcium 
nitrate, 9,422 tons; sodium nitrite, 2,577 tons; sodium nitrite, 
592 tons; 19 10 , calcium nitrate, 13 ,53 1 tons; sodium nitrite, 
3,200 tons; sodium nitrate, 1,0^4 tons.

During 19 1 1  the manufacture of ammonium nitrate for use 
in making explosives has been introduced upon a large scale, 
as it is profitable at present prices. Ammonia is imported from 
England, and after conversion into the nitrate is shipped back. 
A  much larger factory is nearing completion at Saaheim and 
will be put in active operation before the close of 19 1 1 .

A  single factory at Vadheim, on the west coast, is manufac
turing sodium very successfully. The export in 1909 was 179 
tons. The price is $0 .536  per kilo, or $0 .243  Per pound. The 
process employed is that of the direct electrolysis of fused an
hydrous caustic soda. Fusion vessels and cathode are of iron, 
and the anode is of nickel iron. The success of the operation 
depends largely upon the pains taken to keep the temperature

of the bath within the narrow limits of 3 10 °  to 330 ° C. and the 
rapid removal from the cathode of the liberated metal. There 
is an increasing demand for sodium for use in making sodium 
cyanide, sodium amide, and especially sodium peroxide.

Production o f Aluminum and Ferrosilicon.— One large fac
tory at Christianssand is devoted to the electrolytic production 
of aluminum. The process is practically identical with that 
employed in the large American works. The export of the metal 
wras 486 metric tons in 1909 and 1,0 19  tons in 19 10. This is 
equivalent to one-ninth of the annual American production. 
The Norwcgain aluminum is sold at S o .43 per kilo. A con
siderable amount is employed in equipping the air-nitrate works, 
as the large conduits for acid gases and the pipings for nitric 
acid are all made of this metal.

The demand for ferrosilicon, so indispensable in the modern 
metallurgy of iron, is rapidly growing, as shown by the ex
ports from both Norway and Sweden to other countries. In 
1909 Norway shipped 2,645 metric tons abroad; in 19 10  the ex
port reached 5 ,12 1  tons. Much of the output is made in the 
electric furnaces at Borregaard.

Decreased Output o f Nickel— Electrolytic Refining.— Norway 
possesses extensive deposits of nickel ores, much of it contain
ing as high as 2 per cent, of the metal. In  former years nickel 
mining was of some importance, but competition with the richer 
ores of Canada and the United States could not be maintained, 
and most of the mines ceased operation. During the closing 
decade of the last century the annual production of nickel sand 
amounted to 7 tons. Since 1900 the industry has revived, and 
there is an annual output now of 70 tons, nearly all of which is 
used in the Kingdom. In 1909 the only mine worked, that of Eije, 
yielded 5,770 tons of ore containing 1 . 1  per cent, of nickel. 
In the smelting works 2 .77  tons of matte are obtained from 100 
tons of ore. This matte contains 40 per cent, of nickel and 25 
per cent, of copper. It  is refined in the new electrolytic works 
at Christianssand, which are equipped for an annual produc
tion of 400 tons of the metal. The production of electrolytic 
nickel is a much more complicated operation than are those 
yielding aluminum or sodium. The copper-nickel m atte is 
ysed as anode in a weak acid bath. Both metals arc dissolved 
and pure copper is deposited on the cathode. A t a certain 
point, when the electrolyte contains in solution a relatively 
large percentage of nickel, the current is interrupted. The re
maining copper is first removed from the solution (by hydrogen 
sulphide) and then the iron is removed with the customary 
précipitants. From this purified and heated solution nickel is 
deposited electrolytically, insoluble anodes being used. The 
electrolytic nickel has a high degree of purity and is fairly com
pact. The total consumption of electricity is relatively large 
and the process can be employed with advantage only where 
the cost of the current is exceptionally low, as is the case in 
Norway.

Electric Smelting.—The success which has followed the experi
mental trials of the Gronwall furnace for the electric smelting 
of iron ores, first at Domnarfvct, in central Sweden, and later 
on a larger scale at Trollhattan, near Gothenburg (sec Daily 
Consular and Trade Reports for May 6, Ju ly  19, and Oct. 14 , 
19 1 1 ) ,  has demonstrated beyond question the economic and 
technical advantages of this new process. The Norsk Elec
trometal Co. has promptly securcd patent rights for Norway, 
and two companies arc now constructing electric iron-smelting 
works under their licenses. The Hardanger Electriske, of 
Staalwerk, is erecting two furnaces at Odda that will use 5,800 
horse power from the Tysse fall. The company controls in all
15,000 horse power at this point. A t Arcndal the Arcndals 
Fosse-Compagni is building furnaces that will utilize 6,000 
horse power, and is able to increase it  to 30,000.

A  somewhat diflercnt type of smelter is under construction 
near Notodden by the Tinfoss Jernoers Aktiesclskab, which
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will use at first 5,000 horse power and can increase it, if neces
sary, to 15,000. Unquestionably within a few months the elec
tric manufacture of an excellent grade of iron will be estab
lished in Norway on a good working basis.

The electric smelting industry promises much for the country. 
In earlier years Norway possesses a flourishing iron industry, 
but saw it gradually decline as the fuel became more and more 
expensive. The land is rich in iron deposits, most of which 
are too remote to permit of advantageous mining a t present. 
The Norwegian magnetite is not rich enough to warrant its ex
port, and it  is too hard for English smelters. If exported a t all, 
it  must usually be previously concentrated and briquetted, in
volving considerable expense. This magnetic iron ore, however, 
frequently contains sufficient lime to be self-fluxing. When 
adequate and cheap water power is near the mines, not only the 
magnetic ore, but the low-grade ores not worked a t all now can 
easily be turned into first-class steel billets and offer a large 
margin of profit a t present prices. It  m ay be that Norway will 
rank eventually among the prominent iron-producing countries 
of Europe, as but little is known about the full extent of its 
mineral wealth, especially in the northern less-accessible regions.

Electric Steel Furnace.— Active steps arc also being taken to 
introduce the clectric steel furnace. The Hardanger Company 
is installing one requiring 800 horse power, and other plans are 
on foot. The fine grade of iron obtained by an electric smelter 
with the use of charcoal is almost free from manganese and 
silicon. If brought into a mixer heated with gas, and then re
fined in an electric furnace, the steel produced should be of an 
exceptional quality.

All of these plants and projects are dependent upon the con
tinuance of the cheap rate for water power in Norway. In 
Sweden the cost per annual horsepower is apt to range above 
50 crowns, or S 13 .4 0 . In Norway, rates vary usually between 
$5 .4 0  and $ 10 .7 0 . There are some cases where the cost is even 
as low as S4.

In addition to the foregoing enterprises, Norwegian capital
ists are discussing the establishment of electric works for zinc 
smelting, for nickel smelting and for the combined electric smelt
ing of copper ores and the electric refining of the metal.

Statistics o f the M ines and Metallurgical Plants.—The follow
ing table shows the condition of the mines and metallurgical 
plants in 1909. Comparative figures of production for 1896 are 
added:

Miners
M etric tons. and  oper-

  * * Value in atives in
Ores. 1896. 1909. 1909. 1909.

A p a tite ............................. 1,485 1,364 $ 18,000
Copper.............................. 36,956 42,612 450,000 2,243

15,568 36,489 127,000
2,000G old.................................. 47

Iro n ................................... 6,510 40,389 79,000 681
I.cad and zinc................ 452 983 6,000 262
M olybdenum .................. 1 30 1 2 ,0 0 0 46
N ickel............................... 422 5,770 27,000 78
Pyrites:

A rsenical................. 160 2,000 4
Iron  and copper .. 87,867 282,806 1,638,000 1,867

R u tile ............................... 33 83 19,000
Silver................................ 400 2,729 150,000 264

M etals smelted.
Cobalt com pounds 1
Copper.............................. 1 . 1 1 2 1,594 445,000 116
N ickel............................... 7 70 29,000 57
Pig iron ............................ 366
Silver................................ 4 .8 7 .8 134,000 1 1

In 19 10  Norway purchased iron and steel to the amount of 
$4,581,000 and manufacturers of iron and steel valued at $4,832, 
000. Imports of other metals reached $1,397,000, and other 
metal manufactures, $6,243,000.

Striking Features o f Norway’s Chemical Industries.— In sur- 
• veying the chemical industries of Norway there are several

features worthy of careful study by the American economist. 
First and foremost is the systematic and exhaustive manner in 
which the abundant water power of the country is now being 
regulated, stored up, and pressed into service by the steadily 
increasing group of electrochemical industries. The best talent 
in the nation is enlisted in this cause, and the w ay is rapidly 
being opened for Norway to assume an industrial position 
commensurate with its geographical size and admirable facili
ties for maritime transportation.

In another field Norway has shown her ability to develop 
an industry, fitting in well with her enormous lumber interests, 
and that is in the manufacture of oxalic acid. I t  is a  source of 
wonder that no attem pt has yet been made to organize this 
branch of manufacture in the vicinity of some of the great 
American lumber centers, where sawdust, the prim ary raw 
material, is without value except as fuel. The United States 
buys annually oxalic acid from Norway to the value of $43,000, 
and from Germany to the value of $65,000. The American mar
ket should not be dependent upon European manufacturers 
for a chemical, the preparation of which is so com paratively 
simple.

A s a market for American chemicals, Norway offers less of a 
field than the neighboring Scandinavian States, on account of 
the limited extent to which m any industries consuming such 
products are developed at present. The character of the de
mand is much the same as in Denmark and Sweden. The 
quantity is relatively less.

CEMENT PRODUCTION AND TRADE OF THE FAR EAST.
According to Consul General George E . Anderson, of Hong

kong, the cement industry of Hongkong and vicinity, which is 
the enterprise of one corporation but includes works in various 
portions o f'th e  colony and a t Macao and Canton as well, has 
long dominated the cement trade of Southeast Asia and at 
times has had a not unimportant share in the import cement 
trade of the Pacific coast of the United States.

A t the last general meeting of this company attention was 
called to the growing competition in cement making in the far 
East. In  the course of his discussion of the situation the pre
siding officer at the company meeting said:

"Com petition continues unabated but has somewhat changed 
in form. European shipments to the far E ast have decreased 
and in the main can be ignored. The establishment of new fac
tories in near-by territory is what interferes with us most, 
and some of these arc gradually improving the quality of their 
product and increasing their output. There are probably more 
factories in the East than the average man realizes; for, besides, 
the numerous Japanese establishments, including Manchurian, 
we have those at Tongshan (Tientsin), in Hupeh on the Yangtze 
at Haifong, at K uala Lumpur, and a new one at Padang in Su
matra, and there m ay some day be one at Manila. To offset the 
rise of these establishments we have the ever-increasing call for 
cement. And if this increase continues in years of stagnation 
and troubled trade such as we have experienced lately, what 
m ay it be when China settles to a steady course and the inevitable 
railway building comes into full swing?”

No mention was made of the plant under the control of the 
Chinese Government a t Canton, which is not in operation for 
the time being. The chief competition for Hongkong at pres
ent is coming from Haifong. The Manila enterprise referred 
to is under the control of a Philippine corporation organized 
for the purpose and is reported as well under way.

The total ordinary maximum output of the plants mentioned, 
which are now serving to a great extent much of China, par
ticularly south of the Yangtze, the Philippines, Indo-China, 
the Malay States, and Siam, as well as other countries in lesser 
degree, probably aggregates more than 2,000,000 barrels an
nually. The maximum output, according to the best informa-
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tion available, consists of the following, in barrels of 375 pounds
each:

B a r r els .

Grccll Island  Cem ent Co. (H ongkong).....................  780,000
Ciments P . A. de l’lndo-C hine (H aifong)................ 300,000
Chce-IIsiil Cem ent Co. (Tongshan, T ien tsin )  300,000
H upeh Cem ent Co...........................................................  288,000
O thers..................................................................................  300,000

M aximum o u tp u t......................................................... 2 ,028,000

Competition with each other has prevented any one of the es
tablishments concerned in this eastern trade from running at 
maximum capacity, and this is likely to be the case for sometime 
in the future. But, while competition has been and is likely 
to continue to be exceedingly keen, there appears to be no 
sound reason why all these plants shall not remain in the field. 
Each of these has more or less difficulties to overcome, but each 
has notable advantage either in the w ay of convenient and abun
dant supplies or unusually good shipping facilities, and all have 
cheap labor, fuel, and other supplies, and a constantly increasing 
demand for their product.

I t  seems quite likely, therefore, that the prospective increased 
demand for cement in China will be met with a complete and 
satisfactory supply in or near China.

Consul Stuart K . Lupton, of Karachi, India, states that the 
cement trade of northwestern India is comparatively small, 
as m ay be seen from the accompanying table of imports for the 
past five years, which means practically the entire consumption 
in a district with a population of some 45,000,000 people:

Y e a r .  C a s k s . V a lu e .

1906- 7 ................................................... 15,591 $38,126
1907- 8 ..................................................  20,107 51,934
1908- 9 ..................................................  22,729 59,181
1909-1 0 ................................................  36,497 83,390

.1910-11................................................  33 ,095 75,579

Most of the cement imported is of British manufacture. 
The brands chiefly used are Victor, Rhinoceros, Gillingham, 
Peters, Elephant, Red Cross, and Pyram id among the English 
marks, with Gladiator as the principal German brand.

British cement is quoted by the manufacturers for March 23rd 
a t S i -95 per cask, c. i. f. Karachi, and after paying a duty and 
handling charges is sold in smaller quantities to the consumer 
a t $2 .0 9  to $ 2 . 1 3  per cask. As freight rates from Great Britain 
are 20 to 25 shillings ($4.87 to $6.08) per ton, this means that 
cement must be produced at the shipping point for 50 or 60 cents 
a  cask to realize a profit.

A t the present time the Port Trust and the Karachi munici
pality are using about 1,200 casks of 400 pounds each every 
month; but this extraordinary work will soon close, and I  am 
credibly informed that the average monthly consumption of 
cement for all purposes will be about 200 casks for the next 
eight months or a year.

SULPHUR, PYRITE, AND SULPHURIC ACID.
Mineral Resources of the United States, issued by the Geo

logical Survey, states that the production of sulphur in the 
United States in 19 1 1  amounted to 265,664 long tons, valued at 
$4,787,049, as compared with 255,534 tons, valued at $4 ,605,112 , 
in 19 10 . In determining the value of most of the sulphur pro
duced in 19 1 1  the current m arket prices in New York were 
taken, from which the value at the mine was then computed. 
I t  is estimated that the production for the year 19 1 1  is very 
close to the present rate of consumption.

Prices remained fairly constant throughout the year at ap
proxim ately $22 per long ton at New Y ork for prime Louisiana 
sulphur, and at $2 2 .50  at Boston, Philadelphia, and Baltimore. 
Quotations on roll sulphur were from $ 1 .8 5  to $ 2 .15  per 100 
pounds; for flowers of sulphur the range was from $2 to $2 .4 0  
per 100 pounds; and for sublimed sulphur it  was from $2 .2 0

to $2 .6 0  per 100 pounds. Sicilian sulphur was held at the same 
figure.

In 19 1 1  there were imported for consumption into the United 
States 29,144 long tons of sulphur, including crude, refined, 
flowers of sulphur, and other kinds. This sulphur was valued 
a t $552,836. In 19 10  the imports amounted to 30,833 long 
tons valued at $558 ,6 11. The great bulk of the sulphur im
ported comes from Japan.

In 1909 the United States exported 37,142 long tons of sulphur, 
valued a t $736,928; in 19 10  the exportation amounted to 30,742 
tons, valued at $552,941; in 19 1 1  the exports totaled 28,103 
tons, wor.h $545,420.

The production of pvrite in the United States in 19 1 1  amounted 
to 299,904 long tons, valued at $ 1,16 2 ,2 6 1. This was an in
crease in quantity of 58,292 long tons and in value of $184,283, 
as. compared with the production of 19 10 . The figures arc also 
the maximum ever recorded by the survey for the pyrite indus
try. Though low'-grade sulphide ores of copper containing 
considerable quantities of pyrite and pyrrhotite and zinc sul
phide concentrates have been used in recent years in the manu
facture of sulphuric acid, this condition of affairs does not seem 
to have curtailed the output of pyrite, as it was feared it might. 
As a matter of fact, the output of pyrite has shown a great in
creased ring the last five years, notwithstanding this was a period 
of rapid development by the by-product sulphuric-acid industry. 
I t  is estimated that the quantity of sulphides other than straight 
pyrite used in the manufacture of sulphuric acid in 19 1 1  was 
equivalent to 200,000 long tons of pyrite, which would bring 
the tonnage of this mineral theoretically produced in 19 1 1  up 
to nearly 500,000 long tons. This does not include copper- 
bearing Spanish pyrite used in making sulphuric acid.

The importation of pyrite still greatly exceeds the domestic 
supply, as appears from the following statement of imports for 
consumption for the last three years: 1909, 688,843 l°ng tons, 
value $2,428,580; 19 10 , 803,551 tons, value $2,748,647; 19 1 1 ,  
1,006,310 tons, value $3,788,803.

For the first time in the history of the volume, M ineral Re
sources, published by the Geological Survey, a brief statistical 
statement is made by the sulphuric-acid industry. One of the 
reasons for adding the subject of sulphuric acid is that, owing to 
the fact that so large a percentage of the output of sulphur and 
pyrite is converted into acid for use in the industries, the acid 
production becomes in a way a check on the statistics of sulphur 
and pyrite, especially of pyrite, which is practically all used in 
the acid industry.

The 19 1 1  production of sulphuric acid in the United States 
aggregated 2,210,330 short tons, valued at $17,369,871, as fol
lows: 50° Baum i, 1,026,896 tons, value $5,447,958; 6o° Baum6 
421,16 5 tons, value $2,624,042; 66° Baumd, 751,541 tons, value 
$9,176,297; other grades, 10,728 tons, value $ 12 1,57 5 .

CHEMICAL INDUSTRY OF GERMANY.
Consul General A. M. Thackara, of Berlin, reports that with 

but few’ exceptions, conditions in the various branches of the 
German chemical industry during the year 19 1 1  were most 
favorable. H eavy orders were received both for home and 
foreign consumption, and in m any lines the prices for natural 
and artficial preparations were higher. The demands for drugs 
and chemicals were so large that the manufacturers of raw m a
terials, such as acids, ammonia, etc., experienced great diffi
culty in filling their orders. There were especially notable in
creases in thé demands for medicinal preparations on account 
of the numerous eases of illness, such as influenza, scarlet fever, 
diphtheria, and other ailments due to the heat of last summer. 
Many orders were received by the German manufacturers for 
disinfecting and other materials which were used in stamping 
out the plague in the far East.

Luftsaltpeter or air saltpeter manufactured from nitrogen ex
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$8,400,077 paid in salaries and wages. Below is summarized 
the production for these two years.

Among numerous references to the German potash industry 
that have appeared in Consular and Trade Reports were the 
articles published on Sept. 18, 1909; June 15, Aug. 30, Nov. 25, 
and December 12, 19 10 ; Jan . 26, Ju ly  25, and Nov. 1 1 ,  19 1 1 .

THE WIDE USE OF ARSENIC.
The production of white arsenic in the United States in 19 1 1  

was 3 ,132  tons, valued at $73,408, against 1.497  tons, valued 
at $52,305, in 19 10 , according to a report on arsenic by Frank 
L . Hess, just issued b y  the United States Geological Survey. 
The arsenic was obtained as a by-product, of smelting opera
tions. This output is much the largest ever made in this coun
try, but owing to the low price and the distance of the smelters 
from New York, the freight charges absorbed a large propor
tion of the profit.

During the year 4,996 tons of white arsenic, metallic arsenic, 
and arsenic sulphides, valued at $247,323, were imported. Of this 
amount 1.921 tons was white arscnic, with a value of $116 ,948. 
In  addition, 126 ,19 1 pounds of Paris green and London purple, 
valued a t $4,972, were imported. The total production and 
importation in 19 1 1  of arscnic and all arsenic compounds 
amounted to 16,256,000 pounds.

The principal uses of arsenic are in glass making, in pigments, 
and in insecticides. The use of Paris green (acetoarsenite of 
copper) in paint is somewhat limited 011 account of its poison
ous quality. As an insecticide it is used largely by gardeners, 
orchardists, and farmers. If pure, it is comparatively harm
less to plant life, owing to its insolubility, but the trioxide is 
often present in some quantity and if Paris green is then used 
it is fatal to plants, especially in dry climates, where it is not 
soon washed off by rains. Experiments conducted by a num
ber of the State Agricultural experiment stations have demon
strated the value of arscnic when combined with lime as an ef
fective spray against insect pests.

A  number of arscnic salts and oxides are used medicinally, 
among them the bromide, iodide, trisulphide, trioxide, sodium 
arsenate, and potassium arsenate. Disulphide of arsenic, both 
natural and artificial, is used as a paint pigment; in calico 
printing and dyeing; in tanning; and, as it burns with an in-

1909. 1910.

P otash  and salts. M etric tons. Value. Metric tons. Value.
Raw salts:

Rock s a lt.................................................................................. $ 1,296,045 1,136,776 $ 1,344,269
P otash  salts:

Cam allite, inclusing k icserite........................... 7 ,541,709 3,729 ,409 7,644,105
K ainite . sylvanite (sy lv ite )...................................... .........  3 ,570 ,286 11,508,021 4 ,610 ,152 13,862,702

B oracite ............................................................................. .. 5 ,5S7 166 6,704
S alts  to  be used in further m anufacture:

C am allite ................................................................................. 7 ,262,482 3 ,569,937 7,382,753
K ainite, s y lv an ite ................................................................ 2 ,873 ,156 1,329,523 3,808,893

Products ready for sale:
Stone s a l t ................................................................................. 1 ,312,191 1,112,562 1,346,673
Carnallite w ith  9 to  12 per cent. K^O............................ .........  328,386 734,627 402,476 908,250
Crude salt w ith  12 to  15 per cent. KzO......................... .........  2 ,594 ,179 8 ,386,873 2 ,924,709 8,756,404
S a lt w ith 15 to  19 per cent. KsO ..................................... .........  33,543 151,088 153,297 437,472
Fertilizer salts:

W ith  20 to  22 per cent. K20 .................................... 610,868 136,233 850,184
W ith  30 to  32 per cent. K jO .................................... .........  43,713 505,370 55,556 626,330
W ith  40 to  42 p e r cent. K 2O .................................... .........  265,706 4,214 ,486 335,671 5,196,046

Potassium  chloride:
W ith  50 to  60 per cent. K 2O .................................... .......... 266,911 8,295,233 304,145 8,673,969
W ith  over 60 per cent. K 2O ..................................... 3 ,662,667 130,767 4,336,013

P otassium  sulphate  of over 42 per cent. K 2O ............. .........  69,730 2 ,608,336 90,389 3,239,079
Potassium  m agnesium  su lphate ....................................... .........  40,105 729,654 39,011 688,366
Magnesium su lphate ............................................................ .........  65.771 217,908 ‘ 68,S62 224,623
Magnesium chloride.............................................................. 84,848 31,012 92,911
Sodium  bisu lph ite ................................................................. .........  4 ,445 34,452 2,540 19,078
B oracite .................................................................................... 3,990 135 5,412
Bromine, e tc ........................................................................... 501,623 14,293 472,496

T o ta l................................................................................................ 62 ,541,214 20.177,621 69,922,723

tracted from the air by the Norwegian and Swedish plants is slowly 
finding its w ay to the market. It  is expected that, in the near fu
ture, the Norwegian saltpeter can be shipped in large quantities to 
the centers of consumption. Its success as a competitor with 
the Chile product will naturally depend upon the price. A t pres
ent the artificial saltpeter is selling at 8 to 9 pfennigs ( 1 .9  to 2 . 1  
cents) more per kilo (2 .2  pounds) than Chile saltpeter, but it is 
thought that the prices will soon be equalized. In 19 1 1  there 
were only 49 3.3  metric tons of soda saltpeter (natron saltpeter) 
imported from Norway, as against 730,939 tons received from 
Chile. In 19 1 1  there were also imported 4 73 .4  tons of nitrate 
of ammonia from Norway and 139-2 tons from Sweden, and 14,- 
494 tons of nitrate of lime (Saltpetcrsaures Kalk) from Norway 
and 1,0 33.6  tons from Sweden. Not only in Sweden and Nor
w ay are new plants in course of construction for extracting 
nitrogen from the air, but also in Upper Bavaria, in the Tyrol, 
in Switzerland, and in the Valley of the Rhine.

The favorable business year of the German chemical industry 
is reflected in the increased dividends declared by m any of the 
chemical companies, in the amount of capital invested in new 
companies, and in the capital used in extending existing indus
tries. The total amount of new capital invested in the chem
ical industry last year was $16,226,840, compared with $6,333,- 
180 for 19 10 . For last year $10,010,280 was employed for the 
creation of new companies and $6,216,560 for the extension 
of existing industries.

The drought of last summer unfavorably affected the crops 
of medicinal roots, leaves, and seeds, in consequence of which 
the prices of these raw materials were much higher. The prices 
of certain bulky products used in the chemical industry' were 
also affected, owing to the difficulty of securing water trans
portation.

GERMAN POTASH AND SALT STATISTICS.
Consular Assistant Louis G. Dreyfus, Jr ., of Berlin, reports 

that statistics recently published by the Ministry of the In 
terior giving the production of potash and salt mines in Ger
many, show th at in 19 10  there were 82 works, employing 
27,790 persons, to whom was paid $8,869,678 in salaries and 
wages. Each of these figures was an advance over 1909, the 
record for that year being 78 works, 27,445 employees, and



Sept., 1912 TH E JO U R N A L  OF IN D U ST R IA L  AND E N G IN E E R IN G  CH EM IST RY.

tense white light, in fireworks. Orpiment, the trisulphide, 
called also king’s yellow, is used as a paint pigment and as a 
reducing agent in chemical work. The trioxide is used in pain ts; 
for preserving hides, both for taxidermists and in the leather 
industry; as an antiseptic; and in killing animal pests. Sodium 
arsenate is used in dyeing with turkey-red oil and in printing 

• fu r ie s ; the arsenite in making soaps for use on skins and hides. 
Potassium arsenite is used as a reducer for silver in the manu
facture of mirrors.

A  copy of the report on arsenic m ay be obtained free on ap
plication to the Director of the United States Geological Sur
vey at Washington, D. C.

SWISS FACTORY STATISTICS.
The following statistics, reported by Commercial Agent 

Archibald J. Wolfe, show the preliminary results of the Swiss 
Federal census of 19 11  regarding Swiss factory enterprises;

Em ployees.

Trades. Factories. Male. Female. Total.
C otton trad e s ..................................... 326 11,617 17,932 29,549
Silk in d u s try ...................................... 215 7,735 23,802 31,537
W oolen in d u s try ............................... 67 2,190 3,135 5,325
Linen in d u s try .................................. 24 440 567 1,007
E m broidery ........................................ 866 11,787 16,822 28,609
O ther tex tile  trad e s ......................... 1 1 2 1,517 2,633 4,150
Clothing and  ou tfitting .................. 660 8,789 16,061 24,850
Provisions and  alim entary  trades. 694 13,440 12,604 26,044
Chemical in d u s try ........................... 198 6,967 1,725 8,692
C entrals for power, gas, and w ater 263 4,254 1 4,255
Paper and  graphic trad e s .............. 625 13,227 4,930 18,157
W oodw orking trad e s ....................... 1,268 23,333 432 23,765
M etal w orking.................................... 623 21,865 1,460 23,325
M achinery, apparatu s, e tc ............ 640 45,313 1 , 1 2 2 46,435
Jew elry and w atchm aking............ 856 21,445 13,538 34,983
Clay and  stone trad es..................... 441 17,160 1 ,0 0 0 18,160

TITANIUM AND ALLOYS OF STEEL.
Much experimenting with various alloys of steel has been 

carried on by railroads and rolling-mill operators to produce 
a rail that will give more satisfactory service than the ordinary 
rail now in use. One of the principal metals used in these ex
periments, according to the United States Geological Survey, 
is titanium. More than 250,000 long tons of rails were rolled 
in 19 10  from steel to which ferrotitanium had been added. 
More than 150,000 tons of steel rails in which nickel or nickel 
and chromium were used as alloy were also made during 1910, 
and experiments were made with about 80,000 tons of steel 
rails in which chromium, manganese, vanadium, and other metals 
were used. Certain steel makers, according to the Survey, are 
now advertising titanium steel, claiming that although no tita
nium is left in the steel, the removal of gases and impurities 
effected by it greatly increases the good quality of the steel.

GOOD INCREASE IN PLATINUM PRODUCTION.
California and Oregon produced all the platinum mined in 

the United States in 1 9 1 1 ;  this, as shown by Waldemar Lind- 
gren, of the United States Geobgical Survey, in an advance 
chapter from ‘ ‘ Mineral Resources”  for 19 1 1 ,  was $8,631 greater 
in value than the output for 19 10 . The following is a  state
ment of production in Troy ounces and the values for the two 
years:

1910 . 1 9 1 1 .

Ounces. Value. Ounccs. Value.
C alifo rn ia .. $8,386 511 $14,873
Oregon . . . . 1 , 1 2 1 117 3,265

390 9,507 628 18,138

The average price paid for platinum in 19 1 1  was $ 2 8 . 8 7  a n
ounce, compared with $24 .38  in 19 10 , the higher price un
doubtedly resulting in an increased production.

Importations in 19 11  of crude platinum sands resulted in an 
estimated refined product of 27,500 ounces, nearly four times 
the domestic production. An additional amount was derived 
from imported ores and mattes, so that the total quantity of 
refined platinum produced in domestic refineries is estimated 
by Mr. Lindgren at approximately 29,140 fine ounces, of which 
about 940 ounces, valued at $40,890, was derived from domestic 
sources of various kinds— platinum sands, copper and gold 
bullion, etc. The corresponding estimate for 19 10  was 773 
ounccs, valued at $25,277.

The platinum imported and entered for consumption in the 
United States in 19 1 1 ,  including ores and manufactured prod
ucts, was valued at $4,866,207, an increase over the 19 10  figures 
of $ 1,2 12 ,54 3. The ’exports amounted to only $8,139.

The world’s production of platinum in 19 1 1  was 314 ,323 
troy ounces, compared with 288,952 ounces in 1910.

Mr. Lindgren’s report of platinum contains an interesting dis
cussion of the platinum-bearing minerals, the uses of the metal, 
its sources in the United States, and the possibility of new dis
coveries. It also contains notes on the other platinum metals 
such as iridium and palladium.

PAINT PRODUCTION IN 1911.
In 19 1 1 ,  according to the United States Geological Survey, 

the value of the paint produced from all sources was $31,822,- 
827. Paints arc divided by’ the Survey into three groups— 
natural mineral pigments, pigments made directly from ores, 
and chemically manufactured pigments. Of the total produc
tion of paint in 19 1 1  $498,821 is to be credited to natural mineral 
pigments, $7,343,762 to pigments made directly from ores, 
and $23,780,244 to chemically manufactured pigments. The 
production of natural pigments was less than in 19 10 ; that of 
pigments made from ores increased; that of chemically manu
factured pigments decreased. There was a total decrease in 
value, compared with the value for 1910, of $241,495.

The report on mineral paints, by W. C. Phalen, of the Survey, 
has been issued as an advance chapter of the volume “ Mineral 
Resources”  for 19 1 1 .  I t  contains tables showing imports of 
the pigments of different classcs, thus giving an idea of the mag
nitude of their consumption in the United States; descriptions 
of the characters of the natural mineral pigments, and brief 
data on the methods of preparation of the prepared pigments. 
The report also contains a summary' of the results of paint 
tests recently published by the American Society for Testing 
Materials.

WASTE IN COKE MAKING.
I f the 27,703,644 short tons of coke manufactured in 19 1 1  

in ovens of the beehive type had been made in by-product 
ovens the value of the by-products thus recovered, which were 
wasted in the beehive ovens, would have been between $35,000,- 
000 and $40,000,000. This interesting statement is made by 
Edward W. Parker, of the United States Geological Survey, 
in an advance chapter on coke from the volume "M ineral R e 
sources”  for 19 11 . This estimate is based on the value of the 
by-products resulting from the 7,847,845 tons of coke made in 
by-product ovens in 19 1 1 .  The value of these by-products re
covered in 19 11  was equal to the value at the mines of the coal 
used in making the coke.

From information received by the Survey from the superin
tendent of motive power of the Pennsylvania Railroad Com
pany, Mr. Parker estimates that the quantity of power which 
might be obtained from the coking operations in the Connells- 
villc and Lower Connellsville districts by substituting non-re
covery retort ovens for beehive ovens and using the heat which 
is now wasted would be more than twice the quantity of power 
necessary to move every train on the Pennsylvania Railroad be
tween Pittsburgh and Harrisburg. The amount of boiler norse-
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power obtainable from these coking districts is estimated by 
Mr. Parker at about 400,000 horsepower per hour for every day 
in the year.

COAL EXPORTS IN 1 9 1 1 .

The exports of coal from the United Staes during 19 1 1 ,  ac
cording to the United States Geological Survey, were 17,432,753 
long tons, valued at $52,593,274, compared with 13,805,866 
long tons, valued at $41,470,792, in 19 10 . The exports in 19 1 1

comprised 3,553,999 long tons of anthracite, valued a t  $18,093,- 
285, and 13,878,754 long tons of bituminous coal, valued a t 
$34.499>989- The exports of bituminous coal increased over 
3,000,000 tons, or about 30 per cent. A nthracite exports in
creased about half a million tons.

The imports of anthracite amounted in 19 1 1  to only 2,463 . 
long tons, valued a t  $12 ,550 , and those of bituminous <yal' 
decreased from 1,497,709 long tons, valued a t $3,975,561, in 
19 10 , to 1,234,998 tons, valued a t $3,604,797.

BOOK RLVILW5
CORRECTION.

Review of Thorpe’s Dictionary of Applied Chemistry. Vol. I. 
T h is  J o u r n a l , 4, 550.
The price of $50 .00  quoted in our review for the 5 volumes 

of the above work was a mistake. The price given by the pub
lishers, Longmans, Green &  Co., for the complete set of the 
second edition of this dictionary' is $67.50.

A Dictionary of Applied Chemistry. Second Edition. B y  S ir  
E dw ard  T h o rpe  and other eminent contributors. To be 
issued in five volumes. Revised and enlarged, Volume II ., 
786 pages. Price, when complete, S67.50 per set and $ 13 .5 0  
per volume. Longmans, Green & C o. 19 12 , London and New 
York.
The issue of the first volume, reviewed in T h is  J o u r n a l , Ju ly , 

p. 550, has been followed with gratifying promptness by Volume
II. This completes the treatment of subjects in alphabetical 
order up to and through Gold. A  large number of new names 
has been added to the list of special contributors to this work 
and the same general policy of treating each subject by well 
known experts has been followed.

A  comparison with the individual subjects treated in the first 
edition shows careful revision and enlargement of m any arti
cles. For example, the treatment of Chlorine has been enlarged 
to include the electrolytic production of this now important 
industrial product and includes reference to the cominerical 
production of liquid chlorine.

New chapters have been added on Chromophores and Chromo- 
gens; Coke and its by-products and appliances used; Colloids; 
Condensers, laboratory; Corrosion of Iron; Crops; Desiccation 
and Drying; Diazo Compounds; Diffusion; Edible Oils and Fats; 
E g g ; Estérification; Factis; Feeding Stuffs; Fertilizers and Ma
nures; Fire Extinction and Prevention; Flam e; Frits and Glazes.

The additions of new material together with the revision and 
modernizing o’f the chapters carried over from the previous edi
tion bring this volume up to the high standard set by Volume I 
in both material and workmanship M. C. W h it a k e r .

Portland Cement. B y  R ic h ar d  K . M e a d e . Second Edition. 
8vo. Pages viii +  385; 100 illustrations. Easton, P a .: 
Chemical Publishing Co. 19 1 1 .  Price, $3 .50 .
This excellent treatise, which was much sought after in the 

first edition, has been greatly improved in the second. The 
classification of cements is good, as is also the historical review, 
particularly that dealing with the development of the industry 
in America. The theories of composition are prudently dealt 
with mostly in the language of the chief investigators, such as 
L e  Chatelicr, Newberry, Richardson, Tornebohm and D ay and 
Shepherd, who are all given the full credit due them. The 
chapter on raw materials is one of the best on that subject in 
any language. That on proportioning could well bç cut down. 
The descriptions of the stages of manufacture are replete with 
detail. The review of the development of kilns, grinders and 
general mechanical appliances leaves nothing to be desired, 
a t least as regards American practice. The author is strangely 
brief in speaking of the Universal Company’s manufacture from

slag and limestone. This is hardly fair, since such an enormous 
proportion of our American output is now made thus. The 
latter half of the book is taken up with treatises on analysis 
and physical testing of cement. In volume-constancy tests 
all are mentioned except high pressure steam tests.

This work on Portland Cement will always remain a monument 
to the industry and ability of the author. I t  is a  pity that such 
flimsy paper should have been used in the embodiment of it.

Ch a r l e s  F. M cK e n n a .

The Cement Industry in 1 9 1 1 .  Published as an advance chap
ter from Mineral Resources, 19 1 1 ,  and m ay be obtained free 
by application to the Director, U. S. Geological Survey, 
W ashington, D. C.
The statistics of cement production in 19 1 1 ,  prepared by 

Ernest F . Burchard, of the United States Geological Survey, 
show an increase over 19 10  of only about a million and a half 
barrels. The increase in quantity is the smallest recorded 
within the last 13  years.

The total quantity of Portland, natural, and puzzolan cements 
produced in the United States during 19 1 1  was 79,547,958 bar
rels, valued at $66,705,136. The year 19 1 1  showed an in
crease of 2 .27  per cent, in quantity, but a decrease of 1 .4 8  
per cent, in value.

The total production of Portland cement in the United States 
in 19 1 1  as reported to the United States Geological Survey 
was 78,528,637 barrels, valued a t $66,248,817.

This output represents an increase in quantity of 2 .58  per 
cent, and a decrease in value of 2 .8 7  per cent.

The United States has been divided into 1 1  subdivisions 
based 011 the grouping of plants in direct relation to the trade 
territory covered by each group. This grouping is also logical 
when the raw materials are considered.
P roduction  of  P ortland  Cem ent  in  1911 by  Comm ercial D istricts.

P er Average •-
Production  cent. factory 

A ctive 1911. change. price 
D istrict. p lants. Barrels. 1911. per bbl.

New Jersey  and E as te rn  Penn- —
sylvania (Lehigh D istric t) . . . 24 25 ,972,108 —  1.30 0.715

New Y o rk ......................................... 7 3 ,314,217 +  0 .54 0.805
Ohio and W estern  Pennsylvania. 9 6 ,756,313 +  11.25 0.766
M ichigan and  N ortheastern  In-

d ia n a .............................................. 13 4 ,519 ,726 —  0.11 0.827
K entucky  and  Southern  Ind iana 3 2 ,818,820 —  0 . 2 1 0.793
Illinois and  N orthw estern In -

d ian a .............................................. 6 8,617,341 +  2 .88 0.791
Southeastern  S ta tes  (M aryland, 

V irginia, W est V irginia, Ten-
nessee, Georgia and  A labam a) 1 1 4 ,049,063 +  31.85 0.793
Iow a and M issouri...................... 7 6 ,067 ,449 +  6 .0 2 0.S62

G rea t Plains S ta te s  (Kansas,
O klahom a and C entral Texas) 

R ocky M ountain S ta tes  (Colo-
17 7,010,396 —  9.23 0.834

rado, U tah , M ontana, A m o n a
and  W estern  T exas)................. 7 2,124 ,930 — 4 .99 1.186

Pacific Coast S ta tes (California
and  W ash ing ton)....................... 1 1 7,278,274 +  13.98 1.406

T o ta l............................................... 115 78,528,637 +  2.58 0.844

Lehigh district produces eighteen million dollars worth.
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The Lehigh District of Eastern Fennsylvania-New Jersey 
has, with three exceptions, shown a steady increase in produc
tion each year from 1890 to the present time. The years in 
which slight decreases are recorded are 1893, 1908, and 19 1 1 .  
The first two decreases were coincident with years of general 
business depression, but the decrease in 19 1 1  m ay perhaps be 
in large part attributed to an over-production in 1910. The 
production for 19 1 1  was 25,972,108, valued at $18,568,670, or
7 1 .5  cents per barrel. This production represented a decrease 
in quantity of 343,251 barrels, and in value of $619,845 as com
pared with the production of 19 10 , an average decrease in price 
of 1 .4  cents a barrel. There was no net gain or loss in the num
ber of producing plants in the Lehigh district, but the starting 
of new plants in the South and West resulted in lowering once 
more the Lehigh district’s proportion of the total output of 
cement in the United States.

The year opened with the prices on the downward grade, 
and there were only temporary revivals. Taken as a whole 
and judged by the personal testimony of representative cement 
manufacturers from all States east of the Rocky Mountains, 
prices appear to have been very unsatisfactory.

In 19 1 1 ,  1 15  plants reported a production of Portland cement 
as compared with i n  plants in 19 10 . The total number of 
rotary kilns in the producing plants was 916 as compared with 
902 in 19 10 . These kilns ranged in length from 40 to 240 feet. 
The kiln lengths were as follows: 40 to 60 feet, 208 kilns; 60 to 
90 feet, 149 kilns; 100 feet, 84 kilns; n o  feet, 140 kilns; 120 
feet, 86 kilns; 125 feet, 163 kilns; 125 to 140 feet, 60 kilns; 150 
feet or more, 26 kilns.

The gains were all in kilns 100 feet or more in length and 
these gains more than balanced numerically the smaller kilns 
which were shut down, giving a total of 559 kilns 100 feet or 
more in length in 19 1 1  as against 473 kilns in 19 10 . The 125- 
foot kiln is apparently still the most common length for modern 
kilns. From the reports received, it is apparent that the total 
annual capacity of the country in 19 1 1 ,  allowing for reasonable 
loss of time for repairs, should have been about 112,500,000 
barrels, and that the total production of 78,528,637 barrels 
represented about 70 per cent, of the total capacity. The capac
ity  in 19 1 1  increased 14,830,000 barrels, or far in excess of the 
actual increase in production. The apparent average output 
per kiln in 19 1 1  was about 85,730 barrels, as compared with 
84,867 barrels in 19 10 . This increase is explained by the 
greater average size of the kilns operated during 19 1 1 .  A c
cording to the mill reports all but about 30 of the producing 
plants in the United States were shut down part of the time 
for causes other than repairs, for periods ranging from 2 to 10 
months. Shutdowns for repairs ranged from 2 to 6 weeks. 
The following 9 new plants reported their first commercial out
put in 1 9 1 1 :  Golden State Portland Cement Co., Oro Grande, 
Cal.; Piedmont Portland Cement Co., Portland, G a.; Lehigh 
Portland Cement Co., Mason City, Iow a; Chanute Cement Co., 
Chanute, K ans.; Tidewater Portland Cement Co., Union Bridge, 
Md.; Michigan Portland Cement Co., Chelsea, Mich.; Knicker
bocker Portland Cement Co., Hudson, N. Y . ;  Clinchficld Port
land Cement Corporation, Kingsport, Tenn.; and Inland Port
land Cement Co., Metaline Falls, Wash. In addition, one plant 
in the Lehigh district, which was idle in 19 10 , reported a pro
duction in 19 1 1 .  Against these there were 6 plants idle in 19 11  
that produced cement in 19 10, distributed as follows: One 
each in Arizona and Pennsylvania, 2 in Michigan, and 2 in New 
York.

A  committee composed of Government engineers and repre
sentative consumers and manufacturers, and of the national 
engineering societies, has recently formulated a set of specifica
tions for Portland cement to be used by all departments of the 
Government. These specifications are described in the advance 
chapter from Mineral Resources on cement production for 19 1 1 .

The importance of testing cement just before using it is gen
erally recognized by large consumers, but it is entirely overlooked 
by the great m ajority of those who employ cement on a small 
scale, as in building sidewalks and small houses, cementing 
cellars, etc. These suggestions are therefore addressed only 
to consumers who have ever looked into the m atter of having 
tests made. A  few important reasons why tests are essential 
are as follows: On account of the nature of the manufacture 
of cement from raw materials which are rarely constant in com
position, the resulting product can hardly be expected to be in
variably uniform. Manufacturers generally take precautions 
to prevent the shipment of defective cement, but the tests made 
at the mill cannot always reveal imperfections in manufacture. 
The properties in cement are subject to alteration after leav
ing the mill. Cement that is found slightly inferior when tested 
at the mill m ay be sold where it is not likely to be tested. Cement 
that is tested by large purchasers at the mills and rejected b y  
them m ay be sold to smaller consumers.

In order best to ascertain the quality of cement shipped the 
tests should be made after the cement arrives on the work, and 
they should be made with the greatest care and only by responsi
ble and trained men in laboratories where the instruments 
have been properly standardized.

For the purpose of correcting any misapprehensions that m ay 
arise it should be stated that the United States Geological Sur
vey maintains no testing laboratories and does not make any 
kind of tests of cement or of any other structural materials 
cither free or for compensation. Such work should be in
trusted to private commercial laboratories, such as are in opera
tion in all the large cities of the United States.

In response to a demand for a  w ay in which to render cement 
mortar and concrete water-tight, a series of tests were carried on 
at the Structural Materials Laboratories of the United States 
Geological Survey a t St. Louis, Mo. This work has since been 
transferred to the Bureau of Standards and the unpublished 
data delivered to that bureau. These data, which have re
cently been made public, have received attention in this paper.

Tests of iron ore cements and of various Portland cements, 
both in sea water and in fresh water, which extended over 52 
weeks, were made at the Atlantic City Structural Materials 
Laboratories, organized by the United States Geological Survey, 
but recently part of the Bureau of Standards. These tests are 
discussed in the chapter on cement.

Practical Chemistry for Engineering Students. B y  A r t h u r  J .
H a l e ,  B .S c ., Lecturer and Demonstrator in Chemistry at the
City and Guilds Technical College, Finsbury, with an Intro
ductory' Note by Professor R . M e l d o l a ,  D.Sc., LL .D ., F .R .S .
London: 19 12 . Longmans, Green &  Co. pp. x ix  +  192.
Price, $ 1  net.

This book purports to oiler a coursc in chemistry which is 
specially adapted to the needs of the prospective chemical 
engineer or of the student of engineering who would add some 
knowledge of chemistry to his equipment. The distinctive 
feature claimed for it is, “ The teaching of the subject with a 
bias towards the use of materials familiar in constructive in
dustry— a bias becoming more and more pronounced as the 
student progresses, and leading finally to actual specialization.”  
The coursc, as laid down, is designed to cover one hundred and 
eight two-hour periods, of which forty-five to fifty are to be 
given to general inorganic chemistry, twenty-two to twenty- 
seven to simple qualitative analysis and volumetric analysis, 
and thirty-six to "quantitative analysis for engineers,’ ’ which 
includes the examination of such materials as iron ores, coals, 
cements, alloys, and water. An appendix contains some 
twenty-five useful tables.

In his introductory note, Professor Meldola commends the 
principle upon which the above coursc is constructed, namely.
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that of arousing and holding the interest of the student by the 
use of materials which are selected because of their "engineer
ing”  significance, as pedagogically sound, but he also warns 
against the danger of losing sight of "the educational, as dis
tinguished from the technical value of the subject, of its dis
cipline as mental equipment quite irrespective of immediate 
utility.”

In the opinion of the reviewer, the course offered by Dr. Hale 
is very much of the sort to which these words of w'arning should 
apply. It  is not, as it stands, a course which will lead to the 
mental development of the student, because he is not required 
to develop ability to observe independently (he is, in general, 
told what to look for or what will happen) or to reason from one 
observation to another. The attempt to cover the ground 
which should demand two college years in two hundred and 
sixteen hours must obviously lead to a superficial treatment 
of the subject, and it may fairly be questioned if, at the end, 
the engineering student has gained "practical chem istry.”  It 
is certain that this procedure will not train him as an engineer 
of any sort should be trained in an important field, and it is 
much to be regretted that the endorsement of this course by 
Professor Meldola seems to make it apply to "chemical engi
neers”  who above all else should have a thorough grounding 
in all the main branches of chemistry, especially with respect 
to underlying principles and theories. In the absence of a 
statement b y  the author, it is always difficult to determine how 
far reliance is placed upon supplementary class-room instruc
tion to round out the course, but in this instance the time 
allotted by the author (two hundred and sixteen hours) leaves 
little opportunity for class-room exercises.

The experiments in general inorganic chemistry are mostly 
quantitative, or semi-quantitative, in character. The direc
tions for qualitative and quantitative analysis are brief, but 
generally well-chosen. The general statements of fact are often 
too brief and isolated to be of value taken by themselves.

The book is of interest as another conscientious attempt to meet 
a demand which is very insistent just now for a course which will 
afford adequate instruction for students of engineering with 
whom chemistry is a side issue, with the least possible expendi
ture of time. Thoughtful teachers, especially those concerned 
with earning or trade schools, will find many helpful suggestions 
whether they adopt the course as a whole or not.

H. P. T a l b o t .

Snap Commercial Analysis. B y  F r e d  W. B a b in g t o n .  Ottawa. 
Thorburn and Abbott, 19 12 , 68 pp. Price, $1.50 .
From  the preface it appears that the author is A nalyst in 

the Custom Service at Ottawa, Canada. With the exception 
of urine, the topics considered are commercial articles of a varied 
nature. The title of the booklet leaves the reader somewhat 
in the dark as to its meaning, but illumination is afforded b y  
the statement that the methods outlined or referred to "a rc  
notes from a rough notebook.”  This tells the tale but partly. 
The composition is bad, gross errors of spelling, punctuation 
and of formula abound, and typographical mistakes arc frequent. 
Proof reading has evidently not been attempted. The author 
knows "o f no general taste for the analine dyes”  in essences* 
“ but as a rule an ignition will reveal the characteristic napthol 
odour.”  The following directions will, no doubt, interest coaL 
analysts. “ Results depend largely on sampling, a small piece 
about the size of a  hazel nut being broken off each lump and about 
100 grams roughly ground. This is sieved through three sieves 
the first (coarse) rejected; second, medium, kept for moisture; 
the third used for volatile and fixed carbon and ash.”

One's first thought is that the booklet was written in jest. 
However this m ay be, it is one for the serious analyst to let 
alone unless he seeks mild entertainment for a leisure moment 
or an additional argument for a censorship of chemical literature.

W . F .  HtLLEBRAND.

NEW PUBLICATIONS
B y  D. D. B e r o l z h e i m e r , L ibrarian , Chem ists’ Club, New York.

A n a ly s is  o f M e ta l lu r g ic a l  a n d  E n g in e e r in g  M a te r ia ls .  B y  IIen r y  
W ysor . L . 8vo., pp. 82. Price, $2.00. Chemical Publishing Co., 
E aston , Pa.

A n a ly s is ;  M e th o d s  of V o lu m e tr ic — P a r t  I I .  B y  H . B eckerts and
O. L tjen in g . 8th  Edition . L. 8vo., pp. 360. Price, $2.50. F . Vieweg 
& Solin. Braunschweig. (German.)

A rs e n ic ;  T h e  E s t im a t io n  o f M in u te  A m o u n ts  of— In  F o o d s . By 
E dm und  Clark a n d  A. G. W o odm an . 8vo., pp. 7. U. S. D ept, of 
A griculture, B ureau of Chem istry, C ircular 99.

C a rb o n ; L ex ic o n  o f t h e — C o m p o u n d s . By M. M. R ic hter . Vcl. 4* 
3d edition. Lex’8vo., pp . 4751. Price. $50.00. L. Voss, Leipzig. (Ger
m an.)

C e l lu lo id  a n d  I ts  S u b s t i tu te s .  By \v .  M ain , 8 v o . .  pp. 163, Price, 
$0.75. Gauthier-V illars, Paris. (French.)

C h lo r id s ;  T h e  E le c t r o ly t ic  D e c o m p o s it io n  of A lk a l i—  b y  M e a n s  of 
Im m o v a b le  C a th o d es . P a r t  I .  B y  J . B illiter . 8vo. Price $4 .00 . 
W ilhelm K napp, Halle.

D y e in g ; T h e  S ig n if ic a n c e  of O xygen  in — . By G. U n n a  a n d  L. G o lo - 
d e tz . 8 v o . ,  pp. 128. Leopold Voss, Leipzig. (German.)

E n g in e e r s ;  T r a n s a c t io n s  A m e r ic a n  I n s t i t u t e  o f C h e m ic a l— . IV .
By J o hn C. O l se n . Svo,, pp. 505. D. V an N ostrand Co., N ew  York. 

E x p lo s iv e s ; M a g a z in e s  a n d  T h a w  H o u se s  fo r .  B y Cl a r en c e  H all 
a n d  S. P. H o w ell , pp. 32 and  1 pi. LT. S. B ureau o f Mines Technical 
Paper 18.

E x p lo s iv e s ;  T h e  E ffe c t of S te m m in g  o n  th e  E ff ic ie n cy  of. B y W .
O. Sn ELLING AND Clarence  H all. pp . 20. U. S. B ureau of Mines, 
Technical P aper 17.

F o o d s ; T h e  M a n u f a c tu re  o f P re s e rv e d — a n d  S w e e tm e a ts .  By A.
H a u s n e r . Cr. 8vo., pp. 246. Price, $2.00. Scott. Greenwood & Co.. 
London.

F u r n a c e ;  C h e m ic a l A r i th m e t ic  a n d  C a lc u la t io n  o f—  C h arg es . By
R egis Ch a u v e n e t . Svo. Price, $4.00. J . B. L ippincott & Co.. 
Philadelphia.

G la ss  a n d  G lass  P a in t in g .  B y  C . J .  S t a h l . 8 v o . r r i c c .  S i . 25 . A . 
H artleben , Vienna.

K e te n e s ;  T h e — . By H . St a u d in g e r . Lex 8vo. Price, $1.50. F erd i
nand Enke, S tu ttg a r t. (German.)

M e ta l lu r g y ;  T e x t-b o o k  o f C h e m ic a l T e c h n o lo g y  a n d — . B y  B e r n -  
h a r d  N eu m an n . 8 v o . ,  pp. 900. Price, $4.75. S. Hirzel, Leipzig* 
(German,)

M in e  E x p lo s io n s ;  T h e  P r e v e n t io n  o f— ; R e p o r t  a n d  R ec o m 
m e n d a t io n s .  By V ictor W a t t e y n e , Carl  Meis sn e r  a n d  A rthur . 
D esbo ro ug h . U. S. B ureau of Mines, Technical Paper 21.

M in e  G as; I g n i t i o n  o f— b y  M in ia tu r e  E le c tr ic  L a m p s . B y  H . H - 
Clark , pp. 5. U. S. B ureau  of Mines, Technical P aper 23.

O rg a n ic ;  T e x t-b o o k  o f—  C h e m is tr y .  By F. H o l lb m a n .  1 0 th  edi
tion. 8vo. Price, $2.50. V eit & Co.. Leipzig. (German.)

O rg a n ic ;  T e x t-b o o k  of P h a r m a c e u t ic a l—  C h e m is tr y .  B y  M. 
S choltz. 8vo., pp. 513. Price, $4.50. Carl W inter, H eidelberg- 
(German.)

P a in t s ;  W h ite  Z in c . B y  P a u l  F l e u r y . Cr. 8vo., pp. 280. Price,.
$1.75. Oil and Color Trades Journa l. London. (T ranslation.)

P a p e r ;  T h e  T r e a tm e n t  of—  fo r  S p e c ia l P u rp o se s .  B y L o u is  E.. 
A n d e s . Cr. 8vo., pp. 250. Price. $1.75. Scott, Greenwood & Son. 
(T ranslation.)

P e r f u m e r y ;  T h e  M a n u f a c tu re  of M o d e m — . B y  H . M ann. l .  8 v o . ,  

pp. 370. Price, $2.50. V erlag fuer Chemische Industrie . Ausburg.. 
(German.)

P h o to c h e m is t r y ;  T e x t-b o o k  of— . B y  A. B e n r a th . L . 8vo.. pp. 287.
Price. $1.75. Carl W inter. Heidelberg. (German.)

P ro d u c e r  G as. B y  J . E merson  D ow son  an d  A . T. L ar ter . 3d edition.
8vo., pp. 319. Price. $3.00. Longm ans, Green & Co.. New York. 

P r o te in s :  T h e  C h e m ic a l C o n s t i tu t io n  o f t h e — . B y  R. H . A d e r s . 
P lim m er . 8vo.. pp. 188. Price, $1.50. Longm ans, Green & Co.. New 
York.

Q u a n t i t a t iv e ;  A n  I n t r o d u c t io n  to —  A n a ly s is .  B y  S. J .  M. A u l d .
Cr. Svo., pp. 228. Price, $1.25. M ethuen & Co., London.

R u b b e r ;  T h e  S y n th e s is  of— . B y  R . D itm a r . 8 v o . Price, $0.75.
Theodor Steinkopff. Dresden. (German.)

S ew age  D is p o sa l.  B y G e o r g e  W . F u l l e r .  8 v o . ,  pp. 767.- M cG raw - 
Hill Book Co., New York.
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S m o k e le s s  C o m b u s t io n ;  T h e — of C oal In  B o ile r F u r n a c e s ; w i th  a  
C h a p te r  o n  C e n t r a l  H e a t in g  P la n ts ,  B y  D. T. R an d a ll  a n d  H. W . 
W e e k s , pp. 188. U. S. B ureau  of Mines. B ulletin  40.

S te a m  B o ile rs ,  T h e  T r a n s m is s io n  of H e a t  I n to —. B y H e n r y  K r e is-
i.NGER a n d  W. T. R ay . pp. ISO. U. S. B ureau of Mines. B ulle tin  18. 

S te e l ;  I t s  M e ta l lu r g y  a n d  M e c h a n ic a l  T r e a tm e n t .  By F. W . H a r - 
doard a n d  J. \V . I Iall . 3d  edition. 8vo., pp. 758. Price, S9.00. 
J .  B. T-ippincott Co., Philadelphia.

S u g a r ;  T h e — I n d u s t r y .  B y R . T e y s s ie c .  8 v o . ,  pp. 183. Price. $0.75.
G authier-V illars, Paris. (French.)

T a n n in g :  T h e  P u e r ln g ,  B a t in g  a n d  D re n c h in g  o f S k in s .  B y  J oseph  
T. W ood . 8vo.. pp. 293. Price, S3.25. E. & N. Spon, L td .. London. 

T h e o re t ic a l  a n d  P h y s ic a l  C h e m is try .  B y  S. L a w r ence  B ig elo w . 
8vo.. pp. 544. Price. S3.00. The C entury Co.. New York.

RECENT JOURNAL ARTICLES.
A n a ly t ic  S e p a ra t io n  a n d  D e te r m in a t io n  o f P y r id in e  a n d  A m m o n ia .

B y  A lex a n d e r  B a y e r . Fuer Gasbelcuchtung, 1912, Ju ne 1.

A rs e n ic ;  T h e  Q u a n t i t a t iv e  D e te r m in a t io n  o f— . B y E. R u p p  an d  
F . L eh m an n . Archiv der Pharm azie, Vol 250, 1912, No, 5, pp. 382-389. 

A s p h a l t ;  D if f e r e n t i a t io n  o f N a tu r a l  a n d  P e t r o l e u m —. By J .  M ar-  
cu s so n . Chemikcr Zeitung, Vol., 36. 1912, No. 84, pp. 801-803. 

B i s m u th ;  E x t r a c t io n  o f—  f r o m  C a rb o n a c e o u s  O res. By F. W- 
F r e r ic i is .  Transactions Am erican In s titu te  of Chemical Engineers. 
Vol. 4. 1912, pp. 90-111.

C e l lu lo se ;  C o m p a ra tiv e  A c e ty l l s a t lo n  of— , H y d ro c e llu io s e  a n d  
A lk a l in e  C e llu lo se . By H . O s t  a n d  T. K a t a y a m a . Zeitschrift fucr  
angewandte Chemie. Vol. 25, 1912, No. 29, pp . 1467-1470.

C o a l ; T h e  D e te r m in a t io n  of A sh  in — . B y  F ranz  W e is s e r . Chemiker 
Zeitung, Vol. 36. 1912, No. 80, pp. 757-759.

C o a l; P r a c t i c a l  V a lu e  of t h e  D e te r m in a t io n  o f B r i t i s h  T h e r m a l  
U n i ts  in  T e s t in g  A n th r a c i te — . B y S. F. P eckham . Transactions 
Am erican In s titu te  of Chemical Engineers. Vol. 4. 1912. pp. 284-296. 

E x p lo s iv e s  U sed  in  E n g in e e r in g  a n d  M in in g  O p e ra tio n s .  B y Clar
en c e  H a ll . Transactions Am erican In s titu te  of Chemical Engineers. 
Vol. 4, 1912, pp. 304-330.

F u r n a c e s ;  A n  Im p r o v e d  M e th o d  of D r y in g  A ir  fo r  B ia s t— . B y  
B ru ce  W a l t e r . Proceedings of the Engineers’ Society of Western P en n 
sylvania. Vol. 28. 1912. No 4. pp. 277-310.

G e la t in e ;  T h e  A c tio n  o f W a te r  V a p o r o n — . B y  W i l d e r  D .  B a n 

ATTACHING RUBBER TO METALS.
• English Patent No. 2,306 (19 12 ), to E. R. Royston.

The claim is made that it has been found that alloys contain
ing antimony are best adapted to the production of a  “ chem
ic a l”  bond between rubber and metal on vulcanization. The 
most suitable alloy is said to consist o f copper, 3 “/ ,  oz.; zinc, 
I 3/ ,  oz.; and antimony, 3 oz. The proportion of antimony 
should, it is found, be decreased when the rubber contains a 
relatively large amount of antimony sulphide. When the me
tallic base to which the rubber is to be fastened cannot be 
conveniently made of this alloy, another metal m ay be plated 
with a coating of the alloy.

ALKALI SILICATES IN POWDER FORM.
English Patent No. 23,391 (1912), to Justice.

The patentee observes that an industrial need has long 
existed for a readily soluble alkali silicate (watcrglass) in pow
der form, this being more convenient than the usual solutions, 
the use of which is precluded for such purposes as colors, etc.

The preparation of a water glass in powder form on a large 
scale has, however, been hitherto attended with serious diffi
culties. The water glass solution cannot be directly trans
formed into the dry state, because in the process of concentra
tion a  skin that is impenetrable by water forms on the surface 
at oncc; at best, only a more or less solid jelly is obtained.

The present invention relates to a method of manufacturing

c r o f t . Journal of Physical Chemistry, Vol. 16, 1912, No. 5. pp. 
395-406.

H e a l th ;  P u b l ie —  C h e m is tr y  a n d  B a c te r io lo g y . B y D. M c K a i l .
8vo., pp. 409. Price, S1.75. Jo h n  W righ t & Sons. L td ., London. 

I n o r g a n ic ;  T h e — C o m p o u n d s . B y  A. L. V o g b . L. 8 v o . Price. S12.00.
O re ll  F u e s s l i ,  Z u e r ic h .

L a m p s ; A L a b o ra to ry  S y s te m  fo r  T e s t in g  E le c tr ic  I n c a n d e s c e n t  — . 
By W . M. S k i f f . Transactions of the Illum ina ting  Engineering Society, 
Vol. 7. 1912, No. 5, pp . 212-228 

N i t r a te s ;  M a n u f a c tu re  o f— f r o m  th e  N itro g e n  of t h e  A ir . B y 
E r n e s t  K . S c o t t . Chemiker Zeitung, Vol. 36, 1912, No. 82, pp. 784. 

P a te n t s ;  S y m p o s iu m  o n  t h e  U  S .— S y s te m . B y W a . M. G ro s- 
v e n o r .  E . B. M oore, W a l t e r  D. Edm onds. R o b e r t  N . K en y o n . Trans
actions Am erican In s titu te  of Chemical Engineers, Vol. 4. 1912. pp. 
417-505.

P h y s ic a l ;  P ro b le m s  In —  C h e m is tr y  w i th  P r a c t ic a l  A p p lic a t io n s .
B y E. B. R .  P r i d e a u x . 8 v o . Price, S2.00. Constable & Co., L on
don.

R u b b e r ;  A r t i f ic ia l— f ro m  th e  S c ie n tif ic  S ta n d p o in t .  B y C. H a r 
r i e s . Zeitschrift fuer angewandte Chemie, Vol. 25, 1912, No. 29, pp . 
1457-1462.

R u b b e r ;  A r tf f lc la l— f r o m  th e  T e c h n ic a l  S ta n d p o in t .  By F r i t z  
H o f m a n n . Zeitschrift fuer angeu'andte Chemie, Vol. 25, 1912. No. 29, 
pp. 1462-1467.

R u b b e r ;  T h e  P r o d u c t io n  a n d  P o ly m e r iz a t io n  of B u ta d ie n e ,  Iso - 
p re n e , a n d  t h e i r  H o m o lo g s . By W . I I .  P e r k i n , J r . Journa l of the 
Society of Chemical Industry, Vol. 31, 1912, No. 13, pp. 616-624.

S o lis ; T h e  D e te r m in a t io n  o f H u m u s ,  E s p e c ia l ly  in  H e a v y  C lay — .
B y W i l l i a m  B e a m . Cairo Scientific Journal. Vol. 6. 1912, No. 68, pp. 
93-103.

S u lp h u r ic ;  V o lu m e tr ic  D e te r m in a t io n  o f—  A c id . By G e o r g e  
F i N CII. Chemiker Zeitung, Vol. 36, 1912, No. 82. pp . 782-783.

T e x t i le ;  N ew  M e th o d s  in  t h e  C h e m is try  o f t h e  — F ib r e s .  B y R i c h 
a r d  L o e w e n t h a l . Chemiker Zeitung, Vol. 36, 1912, No. 82, pp. 777- 
779.

W a te r ;  B o ile r— P u r in c a t lo n  a n d  th e  P e r m u t l t e  P ro ce ss . By E . E .
B asch . Chemiker Zeitung, Vol. 36, 1912, No. 81, pp. 769-770.

W a te r  ; T h e  T r e a tm e n t  o f— .w i th  C h lo r in e . By J o s e p h  R a c e . Jo u r.
nal of the Society of Chemical Industry. Vol. 31, 1912, No. 13. pp. 611-616. 

Y a rn ;  W o o d p u lp — ; —  I t s  M a n u f a c tu re  a n d  U ses. By W . P .  D r e a p e r . 
Journal of the Society of Dyes and Colourists, 1912, No. 5.

fine-grained, readily soluble alkali silicates, by which the disad
vantages specified are avoided and a product is obtained that 
is soluble even in cold water. The method consists essentially 
in bringing a hot, highly concentrated, thick solution of water 
glass (c. g., solution of soda or potash water glass) under heavy 
pressure (for example, out of a pressure vessel, and through fine 
openings or spraying nozzles) into contact with cold air under 
relieved pressure. Under the heavy pressure the water glass 
assumes the form of spray, and after being suitably cooled, falls 
down as a dry dust.

The anhydride of sodium silicatc is dissolved in water in an 
ordinary' water glass autoclave in which a heavy pressure (about 
6 to 8 atmospheres) is produced. The anhydride, being a fusion 
product, is a  vitreous mass, which dissolves with difficulty; 
and therefore the dissolving process is preferably performed 
in a rotary apparatus under heavy pressure! and at a high tem
perature, until the thick solution has a specific gravity of about 
1.4 4 . The resulting solution is thick while hot, and assumes, 
on cooling, the condition of a tough, set jelly. The hot solution 
is next forced out of the autoclave, under a heavy and constant 
pressure of about 8 atmospheres, through a spraying nozzle 
with orifices about 1 %  mm. in diameter. The atomized solu
tion is immediately transformed— under the influence of cold 
air— into a dry, solid condition. This operation is assisted by 
causing the dusty material to ascend through a shaft, for in
stance by means of a fan, and then allowing it to fall gradually 
to the ground as a  perfectly dry powder.

RLCE.NT INVENTIONS
R eported  by  C. L. P arker, Solicitor of Chemical P a ten ts . McGill B uilding, W ashington, D. C.
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PROCESS OF BINDING AND UTILIZING ATMOSPHERIC 
NITROGEN.

U. S. Patent No. 1,031,477, to Alf Sinding-Larsen, Assignor to 
Messrs. Storm, Bull & Co., of Christiania, Norway.

In the practice of this process to produce silicon-nitrogen 
compounds of varying nitrogen content, a mixture of coke 
and quartz is heated to a white heat in a  blast furnace. Some
what above the bottom of this furnace, a mixture of nitrogen 
and chlorine is first introduced. Tetrachloride of silicon is formed 
which then reacts with the excess of quartz and coke to form 
silicon trichloride. A t  the high temperature present this tri
chloride will be acted upon by the nitrogen, so that silicon- 
nitrogen compounds are formed, then silicon tetrachloride is 
again formed, and so on. A  part of the volatile silicon chlorine 
compounds is liable to escape, together with the carbon mon-

\

oxide which is formed, and which has to be removed. In order 
to keep these back, the current of carbon monoxide is conducted 
through a suitable cooler, where the volatile compounds will be 
condensed and thereupon led back to the furnace.

HYDROGENATING FATTY MATERIALS.
U. S. Patent No. 1,026,156 to Carleton Ellis, Assignor to New 

Jersey Testing Laboratories, of Montclair, New Jersey.
This is a continuous process of treating unsaturated fats and 

the like by means of hydrogen or hydrogen adding substances 
for the purpose of saturating, to a greater or less extent, such 
unsaturated bodies, in order to raise their melting point or 
otherwise improve their quality.

The addition of hydrogen to unsaturated organic compounds 
as brought about b y  the catalytic agents has been the subject 
of many investigations, which embrace the work of Sabatier 
and Sendercns, Mailhe, Henlc, W illstatter and Mayer, Paal 
and Amberger, Paal and Gerum, Paal and Roth, Paal and 
Hartmann, Ipatiew  and Philipow, Jakowlew, Rakitin and others.

In  the practice of this process unsaturated fat is placed in 
the tank 1 and is allowed to flow slowly into the conduit 6 or 
6a, respectively. Hydrogen gas or water gas is admitted 
through the pipe 18 as a counter-current, the hydrogen travel
ing in a direction contrary to the traveling liquid stream of oil. 
The conduit is inclined from the horizontal to secure any desired 
rate of travel of the oil stream. The latter flows past the sta

tionary mass of catalytic material 7 while contacting with the 
counter-current of hydrogen. The heating jackets m ay be 
filled with paraffin wax or a  fusible alloy maintained at the 
requisite temperature. The treated oil discharges at the lower 
end of the conduit through the pipe 20, and the spent or excess 
gas is removed by the pipe 22. When using a nickel catalyzer

and differentially healing the conduit, the temperature in 6a 
m ay, for example, be 150 ° C.; in 66, 16 5 ° C.; and in 6c, 180°
C., when converting oleic acid or olein into stearic acid or stearin, 
respectively.

METHOD OF TREATING CARBON.
U. S. Patent No. 1,032,246, to William Acheson Smith, As

signor to International Acheson Graphite Company, 
of Niagara Falls, New York.

This is a process of treating carbon or carbonaceous material 
for the purpose of converting it in a pro- 
gressive or substantially continuous manner 
into a homogeneous, uniform, commercial 
product. As between the several forms of 
carbon which m ay result from the applica
tion of heat to commercial carbonaceous 
materials, no mechanical separation is 
practicable, and it is essential in order that 
a given raw material m ay be converted 
throughout its mass into a commcrcial 
product of the desired density and electrical 
conductivity that the conditions as regards 
time and temperature of heating should be 
susceptible of accurate control and close 
adjustment, and that the heat should be 
so applied as to result in a practically 
uniform treatment of all particles travers
ing the furnace. According to this inven
tion, the body of carbon or carbonaceous 
material to be treated is moved progres- 
sively through a heating zone located be
tween terminals connected to a source of 
polyphase current, the arrangement of the 
terminals and the construction of the fur
nace being such as to secure a practically
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uniform heating of the entire cross section of the charge. One 
or more heating zones may be provided according to the results 
desired.

UTILIZING ACID SLUDGE FROM REFINING PETROLEUM. 
U. S. Patent No. 1,031,413, to John C. Black and Marvin L. 

Chappell, of Richmond, California, Assignors to 
Standard Oil Company, of Richmond,

California.

This is a  process for utilizing the sulphur content of acid sludge 
for the production of sulphuric anhydride. The sludge is first 
heated in the presence of a solvent of hydrocarbons to eflcct 
a partial decomposition of the sludge. The solvent with the

of each kernel of the lead sulphate until finally the entire kernel 
is converted. After the conversion is completed the m ixture 
of lead hydroxide and sulphate of the alkaline base is run out of 
the mill and the lead hydrate separated.

REFRACTORY ARTICLE AND METHOD OF MAKING IT.
U. S. Patent No. 1,030,999, to Samuel F. Hall, of Niagara Falls,

New York, Assignor to Norton Company, of Worcester, Mass.
Attem pts have been made to cast molten alumina or other 

refractory oxides or combinations of these in molds, but such 
efforts have not proved wholly successful. According to the 
patentee’s process articles con-
sisting of such refractory oxides / 'V J  f g  g i
arc produced by heating the  ̂ (-£— H ' -
oxide, for example alumina, to a  * 
state of quiet fusion in an clec- gpf?
trie furnace, then dipping or im- e
inersing in the fused mass a mold \ j  - -r-J|
or form, usually of carbon or ^  
graphite, withdrawing the mold •»
together with the adhering or contained oxide, and separating 
or detaching the solidified oxide from the mold. B y  proceed
ing in this manner the patentee has found it practicable to 
produce a variety of articles, such as rods, tubes, vessels or the 
like, without flaws, cracks or objectionable irregularities, and, 
in the case of tubes or hollow articles, with any desired thick
ness of wall.

PROCESS OF. MANUFACTURING ALUMINIUM NITRIDE.'
U. S. Patent No. 1,030,929, to Ottokar Serpek, Assignor to 

Société Generale Des Nitrures, of Paris, France.
I t  is well known that if alumina be heated to a high tempera

ture, for example in the neighborhood of 1800° C., in the pres
ence of carbon and nitrogen it will combine with nitrogen to 
form aluminium nitride.

Heretofore it has been customary' to pass an electric current 
through a mass of comminutcd and intimately mixed carbon 
and alumina in an electric arc furnace through which nitroge
nous gas is simultaneously blown. This is in a  measure un
satisfactory, the heat beng too high in certain zones and too 
low in others. The patentee has discovered that this disadvan-

hydrocarbons in solution is then withdrawn and the residual 
sludge subjected to a decomposing temperature (not above 
4250 F .). The aeriform products from both decompositions

are purified by contact with a solvent of hydrocarbons, the re
sulting aeriform products being passed over catalytic material 
for converting their sulphur dioxide contcnt into sulphuric 
anhydride.

PRODUCTION OF LEAD COMPOUNDS.
U. S. Patent No. 1 ,033 ,405, to Louis S. Hughes, of Chicago, 

Illinois, Assignor to Picher Lead Company, 
of Joplin Missouri.

A  process of producing lead compounds such as lead hydrate, 
litharge, minium, lead carbonate, arsenate, nitrate, chromate 
and similar lead salts from lead sulphate. Lead sulphate is 
converted into lead hydroxide which in some eases is the ulti
mate product of the process and in other cases is an intermc-
diate product thereafter converted into other compounds. 
In practice lead suphate and an alkaline base arc  placed in a 
grinding mill, a  small quantity of w ater is added to the m ix
ture, and the mass is thoroughly triturated. B y  triturating 
the wet mixture of lead sulphate and the alkaline base a thor
ough and rapid conversion of the lead sulphate is obtained. 
The trituration is effected in a double cone ball mill of well- 
known type, employing pebbles or metal balls. Crusts or coat
ings of lead hydrate are successively formed on and rubbed off

tage m ay be overcome if the mass is heated by being brought 
into contact with resistance elements through which alone the 
current passes. The resistance elements are preferably com
posed of a mixture of carbon and aluminium nitride and these, 
during the reaction, are set in motion so as to form stirrers which 
agitate the finely divided mixture of carbon and alumina and thus 
not only serve to evenly heat the mixture but to subject it more 
thoroughly to the action of the nitrogen which is blown through 
the reaction chamber.



a v er a g e  w h o lesale  p r ic e s  op standard  
ORGANIC CHEMICALS.

Aectanilid.......................................................Lb. 20V , @  23
Acetone (drums).......................................... Lb. 17  @  18
Alcohol, grain (188 proof).......................Gal. 2 .55  @  2 .57
Alcohol, wood (95 per cent.)................... Gal. 50 @  52
Alcohol, denatured (180 proof)............. Gal. 40 @  42
Am yl A cetate................................................Gal. 2 .90  @  3 .0 0
Acetic Acid (28 per cent.)....................... C. 2 .00  @  2 .15
Aniline O il.....................................................Lb. io 3/ ,  @  n 1/ ,
Benzoic A cid ............................................... Lb. 23 @  27
Carbon Tetrachloride (drums)...............Lb. 1 1  @  14
Carbon Bisulphide...................................... Lb. 10 1/ ,  @  i i 1/ ,
Chloroform................................................... Lb. 20 @  30
Carbolic Acid (drum s)..............................Lb. 15  @  16
Citric Acid (domestic), crystals..............Lb. 38 '/ 2 @  39
Camphor (refined in bulk).......................Lb. 44 @  —
Dextrine (imported potato)....................Lb. 6 @  7
Dextrine (corn)...........................................C. 3 .2 0  @  3 .2 1
Ether (U. S. P., 1900).............................  Lb. 14 @  20
Formaldehyde...............................................Lb. 8*/, @  9*/,
Glycerine (dynamite)................................. Lb. I 7,/ t @  l l ' / i
Oxalic A cid ....................................................Lb. 77/ s @  83/ ,
Pyrogallic Acid (bulk) .............................Lb. 1 .3 5  @  1.4 5
Salicylic A cid ...............................................Lb. 32 @  34
Starch (com ).................................................C. 2 .4 3  @  2 .54
Starch (potato)............................................ Lb. 5 'A  @  5 3A
Ttmnic Acid (commercial).......................Lb. 35 @  35 'A
Tartaric Acid crystals................................ Lb. 3 ° ‘A  @  3>

INORGANIC CHEMICALS.
Acetate of Lime (gray)..............................C. 2 .50  @  2.60
Acetate of Lead (brown, broken) Lb. 73A  @  8
Alum (tump)................................................. C. 1 .7 5  @  2 .00
Ammonium Carbonate, domestic..........Lb. 8 ‘A  @  8‘/ 2
Ammonium Chloride, g ra y ......................Lb. 6‘A  @  61/ ,
Aluminum Sulphate...................................C. 90 @  1 .7 5
Aqua Ammonia (drums) 1 6 ° .................. Lb. 2*/4 @  2 '/ ,
Arsenic, w hite..............................................Lb. 4’ / ,  @  5*/,
Brimstone (crude, domestic)...................Ton 22.00 @  22 .50
Barium Chloride..........................................C. 1 .4 0  @  1 .5 5
Barium N itrate............................................Lb. 43/ ,  @  5
Borax, crystals (bags)............................... Lb. 3 ‘A  @  4
Boric Acid, crystals (powd.)................... Lb. 7 @  71/ ,
Bromine, bulk.............................................. Lb. 25 @  30
Bleaching Powder (35 per cent.)........... C. 1 .3 0  @  1 .5 0
Barytes (prime white, foreign)................Ton 18 .50  @  22 .50
Blue V itriol................................................... Lb. 5 lA  @  53A
Calcium Chloride......................................... C. 65 @  90
Chalk (light precipitated).........................Lb. 4 lA  @  6
China Clay (imported) .................... Ton 1 1 .5 0  @  18 .00
Feldspar......................................................... Ton 7.00 @  9.00
Fuller’s Earth, powdered..........................C. 80 @  85
Green Vitriol (bulk)................................... C. 55 @  60
Hydrochloric Acid ( 18 0) ...........................C. 1 . 1 5  @  1 .5 5
Iodine (rcsublimed)..................................... Lb. 3-05 @  3 . 1 0
Lead N itrate................................................. Lb. S '/ 4 @  8‘A
Lithium Carbonate..................................... Lb. 65 @  70
Magnesite (raw )........................................... Ton 7 .50  @  8.50
N itric Acid, 36 ? ........................................... Lb. 3 ’A  @  4 lA
Phosphorus....................... ............................ Lb. 35 @  90
Phosphoric Acid, sp. gr. 1 .7 5 .................. Lb. 22 @  26
Plaster of Paris............................................ Bbl. 1 .5 0  @  1 .7 0
Potassium Brom ide.................................... Lb. 3 1  @  34
Potassium Permanganate (bulk)........... Lb. 9 ‘/ 4 @  91/ ,
Potassium Cyanide (bulk) 9 8 - 9 9 % ... .  Lb. I9 ‘A  @  21
Potassium Iodide (bulk)...........................Lb. 2 .60  @  2 .65
Potassium Chlorate, crystals................... Lb. 8*A @  g ‘A
Potassium Nitrate (crude)....................... Lb. 4’ / ,  @  5
Potassium Bichromate, 5 0 ° ..................... Lb. 67/„ @  7

R E P O R T .

ch em icals, e t c ., for month of august . 

Quicksilver, F lask ........................................ 42.50  @  44.00
Salt Cake (glass-makers’) ................... . . .C. 55 @ 65
Silver N itrate......................................... 38 ‘A  ® 4 ° 7  a
Soapstone in bags................................... . . .Ton 10 .0 0  @ 12 .0 0
Sodium Acetate....................................... . .L b . 4 ‘A  @ 5
Sodium Chlorate...................................... . .Lb. 8 ‘A  @ 9 7 s
Sodium Bicarbonate (English)........... . .Lb. 23A @ 3
Sodium Richromate................................ . Lb. 5 7 . ® 5 7 ,
Sodium Hydroxide, 60 per cent......... . .C. 1 .7 0  @ 1-75
Sodium Hyposulfite................................ . ,C. i .30 @ i .60
Sodium Nitrate, 95 per cent., sp o t......C . -  ® 2-45
Sodium Silicate (liquid)........................ . .C. 65 @ 1 .5 0
Strontium N itrate................................... . .Lb. 6 7 . ® 7 Vs
Sulphur, R o ll............................................ . .C. 1 .8 5  @ 2 .1 5
Sulphur, Flowers (sublimed)............... . C. 2 .20 @ 2.60
Sulphuric Acid, 6o° B ............................ . .C. 85 @ 1 .00
Talc (American)....................................... . .Ton I5.OO @ 20.00
Terra Alba (American), No. 1 ............ . .C. 75 @ 80
Tin Bichloride (50 °) ............................... . .Lb. i 3 *A @ 137 »
Tin Oxide................................................... . Lb. 45 @ 47
Zinc Chloride (granulated)................... . . Lb. 4 7 , © 47»
Zinc Sulphate........................................... . Lb. 2 7 J  @ 2 %

OILS, WAXES, ETC.
Beeswax (pure w hite)................................ Lb. 40 @ 44
Black Mineral Oil, 29 gravity.............. . .Gal. 12  @ I2 1/ ,
Castor Oil (No. 3 ) ................................... Lb. 9 ‘A  ® I 0 7 ,
Ceresin (yellow)....................................... . .Lb. 9 @ IS
Corn Oil...................................................... . .C. 5 .9 0  @ 5-95
Cottonseed Oil (crude), f. 0. b. m ill.. . .Gal. 40 @ 41
Cylinder Oil (light, filtered)................. . .Gal. i 97 ,  @ .20
Japan W ax ................................................ . .Lb. 10 @ n
Lard Oil (prime winter)........................ . Gal. 86 @ 90
Linseed Oil (double-boiled)................. . .Gal. 68 @ —
Parafiine Oil (high viscosity).............. . .Gal. 2 5 7 = @ 26
Paraffine (crude 120 &  122 m. p .) . . . . .Lb. 3 @ 33A
Rosin Oil (first run)............................... . .Gal. 37 @ 39
Spindle Oil, No. t ................................... . .Gal. 16 @ 16 ‘A
Sperm Oil (bleached winter), 3 8 °___ . .Gal. 72 @ 74
Stearic Acid (double-pressed)............. . .Lb. 9 @ 10
Tallow (acidless)...................................... . .Gal. 62 @ 65
Tar Oil (distilled).................................... . .Gal. 30 @ 3 1

METALS.
Aluminum (No. 1 ingots)..................... . .Lb. 22 @ 23
Antimony (Hallet’s ) ............................... . Lb. 7 7 s ® 7 7  a
Bismuth (New Y o rk )............................. . Lb. 2 .10  @ 2-15
Copper (electrolytic).............................. . .Lb. 177» @ 17-55
Copper (lake)............................................ . .L b . I7V2  @ 17-55
Lead, N. Y ................................................. . .Lb. 4 7 » @ 4-35
Nickel.......................................................... . .Lb. 50 @ 55
Platinum (refined).................................. . .Oz. 46.35 @  47.00
Silver........................................................... . Oz. 63 @ —
T in ............................................................... Lb. 4 5 7 4 @ —
Zinc.............................................................. . Lb. 6.95 @ 7-15

FER TILIZ ER  M ATERIALS.
Ammonium Sulphate............................. . ,C. 3 .2 0  @ 3 -3°
Fish Scrap, domestic, dried................. . .U nit 2.45 & 10
Blood, dried.............................................. . .U nit 2 .7 2 7 ,  @ 2-75
Tankage, high grade................................ . .Unit 2-55  &  :[O
Bone, 41/, and 50, ground, raw ............. .Ton 27.00  @ —
Potassium, "m uriate,”  basis 8 0 % ....... .Ton 38 .55  @ —
Phosphate, acid, 16  per cent................. . .Ton 7.00 @ 7-25
Phosphate rock; f. 0. b. mine:

Florida land pebble, 68 per cent___ .Ton 3 -7°  @ 3 -So
Tennessee, 68-72 per cent.................. .Ton 4-25  @ 4 -5°

Pvrites, furnace size, imported............. .U nit 0 . 13*A @ 0-13  A
Castor meal................................................. .Unit nominal
Mowrah meal.............................................. . .Ton 8 .50  @ 9.00
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Filter Problems
If experiencing any difficulty in  

obtaining a perfect displacem ent of 

liquids from solids, or if the ordinary 

Filter Press is not giving m axim um  

results w ith  m inim um  dilution of the 

liquids, w h ich  it is desired to recover, 

submit such problems to us. Cost of 

the operation, com paratively speaking, 

“insignificant.’” W e  are making re

markable “recoveries” and m ight be of 

service to you.

The Chemical Process Gompany
170 Broadway, New York, U. S. A.
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P L A T I N U M
T he Shim er Patented Combustion Apparatus

in both old and n e w  form

Excellent in every particular— adapted to 
meet the many ijeeds for a simple combustion 
apparatus in your laboratory. Far more con
venient and expeditious to handle than the 
heretofore used combustion tubes and furnaces.

Shimer Simplified 
Combustion Crucible

is the latest form of the apparatus, without a 
water jacket, and accurately fitted with an 
easily removable rigid knurled ring around its 
upper part. This knurled ring protects the 
mouth of the crucible from injury and stretch
ing, supports the crucible at the proper height 
in the asbestos board, securing a tight joint. 
A daptable to fusions as well as combustions 
when provided with ordinary platinum cover. 
This advantage is self-evident.

Platinum  for all Purposes
Hammered to shape, tested, strictly guaran

teed. A n  American product, manufactured 
by skilled workmen. Special apparatus of 
any size and shape made from drawings.

B A K E R  & CO., Inc.
N e w  Y ork Office, 408 N. J. R. R. A venue, 

30 Church Street N E W A R K , N . J.
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is« PLATINUM WARE m
“ First in the field 

First in Quality 

and First in the minds 

of the men who buy”

J. Bishop & Company Platinum Works
M alvern, Pa.

Platinum
In any  form  for

T ec hn i ca l  or Gommerc i a l
P u rp o ses

Crucibles D ishes
Electrodes 

W ire Foil
Platinum  

Salts and Solutions

Since 1842 we have been  manufacturing 
Platinum Laboratory Wares.

The processes FIRST used in our works 
and ORIGINAL with us, m ade possible the 
production of Manufactured Platinum in the 
varied forms in which it is m arketed.

W hen you buy BISHOP Platinum W ares 
you get FIRST QUALITY, back of which is 
70 YEARS’ EXPERIENCE.

We specialize in the production of Platinum 
for Manufacturing or 
Analytical Chem ists,
E l e c t r o - C h e m is ts  
and Metallurgists.

T o  i n s u r e  u n i 
formity and durability 
—all the Platinum used in the  m anufacture 
of our ware we refine especially for the pur
pose in conformity with our fixed standards.

W rite  for our com p lete  ca ta lo g u e.
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M achinists, Jewelers,

Chem ical, Steel and B oard of H ealth  Laboratories, also in Chem ical In 
dustries and  in Shops and  F acto ries for all k inds of steel tre a tm e n t and 
general heating  work.

BECA U SE
H eating  U n it is im m ediately  replaceable.
H ea t is discharged d irectly  in th e  furnace cham ber.
R eplaceable U nit system  gives h e a t ju s t  where needed and  absolu te  tem 

p e ra tu re  control.
Hence ad ap tab ility , re liab ility  and  u tm o st efficiency are obtained .

Special shapes and sizes for all purposes. W rite . *

Multiple Unit Electric Co.
136 Liberty Street, New York

S tan d a rd  goods ca rried  in s tock  by 
E IM E R  & AM END A R T H U R  H . TH O M A S CO.

N ew Y ork , N. Y. P h ila d e lp h ia , P a .
BAUSCH & LOMB O PT IC A L  CO., R o ch este r, N. Y.

T Y P E  C O  C O M B U S T I O N  F U R N A C E

T Y P E  C.  R .  C R U C I B L E  F U R N A C E T Y P E  M U - S C R  M U F F L E  F U R N A C E
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R O SK IN S

H o s k in s  E l e c t r i c  L a b o r a t o r y  F u r n a c e s
—h a v e  p ro v ed  th e  su p e r io r ity  o f e lec tr ic  h ea t and o f th em se lv es  in  all k in d s  
o f lab oratories and in  e v e r y  sec tion  o f th e c o u n tr y . T h e ir  w id e  a d a p ta b ility , 
h igh  effic ien cy  and  a ll-r o u n d  sa tis fa c to ry  serv ice  are in d ica ted  b y , an d  are 
th e  reason s for th e ir  u se  in  so m a n y  w e ll  k n o w n  lab oratories, a fe w  o f w h ic h  
are m en tio n ed  b e lo w . T h e y  offer th e  sam e a d v a n ta g es  to  y o u r  la b o ra to ry .

The Consolidated Gas Company of New
York in its Chem ical Laboratory uses a Hoskins 
“T ype  F C ” C rucible Furnace for determining 
the fusion points of coal ash. Massachusetts 
Institute of Technology, School of M ining at 
Kingston, O nt., University of California .and 
University of Illinois are other users. T em pera
tures above 2 0 0 0 °  C . (3600° F .) are readily 

' obtained for melting metals, alloys nre brick and 
refractory materials.

This coupon is fo r  you r convenience. T ear  
o ff, sign and m ail to nearest address, to-day.

T aking a Crucible from the H oskins  " T ype  F C ” Electric Furnace.

{K in d ly  m ention nature o f ;work contem plated)
JV am e .....................................................................................

P osition .......................................................................... .......
F i r m ......................................................................................

A d d ress ................................................................... .............

J l .  o f f .  &  E .  C.

The United States  Isthmian Canal Com m ission, U. S .  Dept, of Com
merce & Labor, A m erican Sheet & T in  P la te  C o., Henry Souther Engineering C o., 
and Carnegie Steel C o. are among the many users of Hoskins “T ype F B ” 
Combustion T u b e  Furnaces. Crucible, 
tube and muffle cham ber designs of the 
“ F B ” type for working temperatures 
of I I0 0 ° C . (2 0 0 0 ° F .)  are supplied 
and all have heating units removable by 
the operator.

The United States Dept, of A g r i 
culture, Swift & C o., P illsbury F lour M ills C o., M ilw aukee Coke & G as 
C o., Borden Condensed M ilk C o., C hicago D ept, of Public Works, 
A rm our G rain  C o., Iow a D airy & Food Commission, Minnesota G rain 
Inspection D ept, and hundreds of others have Hoskins “T ype  F A ” 
Muffle Furnaces like the one shown here. “T ype  F A ” Furnaces produce 
working temperatures up to 1 0 0 0 °C . ( I 8 3 2 ° F .)  and are m ade in 
muffle, crucible and tube cham ber designs.

HOSKINS MANUFACTURING COMPANY 
449 Lawton A venue , DETROIT.

O t i s  Bidtf.  O l i v e r  B id ? .  3 0  C h u r c h  S t .
C H I C A G O .  P I T T S B U R G H .  N E W  Y O R K

You m ay send m e f u l l  in form ation  concerning  

H oskins E lectr ic  F u rn a ce  f o r . ......................................

HOSKINS MANUFACTURING COMPANY
Electric—-Furnaces, Pyrometers and Heating Appliances 

“ International” Ammeters and Voltmeters

4 4 9  L a w t o n  A v e n u e ,  D E T R O I T .

O tis Bldg. 
C H I C A G O

O liver Bldg. 
P I T T S B U R G H .

30 Church S t. 
N E W  Y O R K .
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Furnace  open  rea 
(or the in t roduction  

of a tube .

T he D irect Determ ination of Carbon 
in Steel, F erro-A lloys and Graphite
is most easily accomplished in our tube furnaces.

T h e  furnace illustrated will heat a 3I t" fused silica tube to 1 150° 
or 1200° C . in 20 minutes. It has an adjustable flame length permitting 
the flame to be confined to any part of the tube. It is made to use any 
kind or quality of gas, and in 12-inch, 18-inch and 24-inch lengths. 
Prices range from $10.00 to $20.00, according to size. Write for 
Catalog “ B ,” fully describing it, and secure a free copy of M r. Chas. 
Morris Johnson’s treatise on this subject.

If you have not tried the new Alundum Combustion Boats you have overlooked a good thing. 
Innumerable carbon determinations can be m ade in a single boat. Send 35 cents in stamps and we 
will mail you the No. 1 Boat, 5/ 8" wide, 3 3/ / '  long and 5/ 10" deep, with catalog on alundum goods, 
comprising Electric Furnace parts such as cores, tubes, muffles and crucibles; also filtering crucibles and 
extraction thimbles. Do it N O W , lest you forget.

Buffalo Dental Manufacturing Co.
Buffalo, N .  Y . ,  U . S . A .

N O R T O N  A L U N D U M

F IL T E R  C O N E S

No. 7056-50cc. capacity  
•* 2241-20cc. -

A N  I M P R O V E D  T Y P E  O F  F I L T E R  

Possessing the advantages of Alundum combined with those of porcelain.

R A P I D  R E A D Y  F O R  U S E  H IG H  M E L T IN G  P O IN T  
V A R I A B L E  P O R O S I T Y

C an be used w ith or w ithout filter paper.

Furnished with aluminum stand.
S A M P L E  W IT H O U T  C H A R G E  

to any chemist desiring to test the merits of this article.

Booklet on request.

N O R T O N  C O M P A N Y
E l e c t r i c  F u r n a c e  P l a n t s  R e f r a c t o r y  D e p t .  N e w  Y o r k  S to r e ,  151  C h a m b e r s  S t r e e t

N ia g a ra  Fall s,  N .  Y .  C h i p p a w a ,  O nt C a n .  ’W orcester, M ass. C h ic a g o  S to r e ,  11 N .  Je f f e r s o n  S t r e e t
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These authorities cannot be wrong
in their endorsement of Titanium A lloy

Among them  are numbered som e o f the world’s  leading ch em ists and 
m etallu rg ists and men who are now using Titanium  Alloy in their mills 
and foundries. Let them  te ll you w h y  it p a y s  to  use Titanium  Alloy

Titanium  Alloy is as easy 
to use as silicon or man
ganese. Like any other 
alloy, however, it must be 
used properly to secure the 
best results. For instance, 
it should never be used 
with aluminum and should 
always be added before 
the slag begins to run.

f l /* T h e  combination of Titanium  with nitrogen is at
tended w ith the evolution of heat. It is the only 
indisputable exam ple of the combustion of an element 
in nitrogen.”

— M o is s a n ,  
Celebrated French Chemist.

C[ “Titanium  introduced as an alloy at once combines 
w ith the gaseous nitrogen present in the molten metal, 
forming a stable nitride. It is the formation of this 
stable nitride w hich prevents blowholes and thereby 
produces solid ingots or castings."

—Dr. F. C  W eber.

“ T h e  reducing agents last added to the bath, car
bon, manganese and silicon, destroy t® a certain 
extent the existing over-oxidation, but they are abl« 
to remove the final traces unsatisfactorily and with the 
greatest difficulty. T his service must therefore be 
performed by a very powerful reducing agent, such as 
Titanium, w hich should be regarded as one of the 

best and most available.”
— E . v o n  M a l t i t z ,  

Formerly w ith Illinois Steel Co.

“A  hard steel with one per cent, carbon becomes 
fragile and)^ useless when it contains 0 .03 per cent, 
nitrogen, even when not tempered, and when tem
pered it will show numerous ‘shakes’ even when 
nitrogen is as low  as 0.01 16.”

— Dr. H jalm ar Braune.

*1 “Titanium  has one advantage w hich has caused 
its use to be recommended, namely, its high affinity 
for nitrogen.”

— B r a d le y  S t o u g h t o n ,  
A uthor “ M etallurgy of Iron and S teel.”

Q “ Titanium  * * * has a stronger affinity for oxygen 
than have the other well-known deoxidizers; * * * 
it probably gives the slag such a  consistency that it 
separates more completely from the molten iron.”

— Prof. H enry  "M. H ow e,
A uthor “ M etallurgy of Steel.”

d  “T h e  treatment of all steels w ith ferro-titanium for 
the purpose of the purification of the m etal is strongly 
recommended, the presence of nitrogen to the ex
tent of .02  or .045 or .035 in certain steels being 
enough to cause the metal to break asunder, destroy
ing all elongation* and reduction of area.”

■—H. LeC hatelier,
Prof. of M etallurgy, University of France.

its high effi- 
low cost of 

Titanium Alloy is most re
markable. T h e  cost of 
adding it to iron varies from 
25c and upwards per gross 
ton. For steel, the cost 
ranges from 50c to about 
$3 per gross ton, depending 
upon the results desired.

q “W e have lately been using Titanium  in all of our 
castings and are getting results very much superior to 
those when this alloy is not used, particularly so in 
certain small pipe fittings and castings of this character 
which are subject to high pressure, and where the 
denseness of the metal is an important factor.”

— K e y s to n e  S te e l  C a s t i n g  C o . ,  
Chester, P a .

<] “T h e  action of T itanium  is to increase the strength 
of the mixture and to facilitate the throwing oif of the 
impurities contained, and also to give a tougher and 
more durable chill.”

— N e w  Y o r k  C a r  ^ ^ h e e l  C o .,  
Buffalo, N. Y.

q  “ W e have just received reports from a test bar, 
having seven pounds of ferro-titanium to the ton, 
w hich pulled 90 ,000 pounds to the square inch w ith 
2 8  per cent, elongation. T h e  carb -n  in this steel was 
only . 19. T h e  castings in this heat were subject to 
specifications w hich called for tensile strength not less 
than 60 ,000  and not more than 70 ,000 pounds.

S t r o n g  S te e l  F o u n d r y  C o .,  
Buffalo, N . Y .

“ W e have taken steps to have Titanium  Alloy 
used in our output of Transformer Boxes and Tanks, 
in order to secure the benefits of stronger and closer 
grained castings produced by the use of Titanium  
Alloy in cast iron, particularly as applied to this class 
of work where the requirements are so severe.

— P i t t s b u r g  T r a n s f o r m e r  C o .

Tests made by the American Foundry men s 
Association showed that the crushing strength of gray 
iron was increased 5 2 %  by the use of one-half of 
I %  of Titanium  Alloy.

q  Tests made by Professor M . Hokanson at the 
Carnegie Technical Schools demonstrate that the 
crushing strength of chilled iron is increased nearly 
1 00%  by the use of Titanium  Alloy.

q  In summation: Every claim m ade for Titanium
Alloy has been proved in service, and is based upon 
the careful researches of Enrique Touceda, C . E ., 
Rensselaer Polytechnic Institute; Charles M cK enna, 
eminent metallurgist; E . von M altitz, for five years 
w ith Illinois Steel Co.; Prof. Bradley Stoughton, late 
of Columbia University; Prof. John J. Porter, of the 
University of Cincinnati; Prof. Henry M .^ How e, 
A uthor of “ M etallurgy of Iron and Steel; H . Le 
Chatelier, Prof. of M etallurgy, University of France; 
Auguste J. Rossi, M . E ., C . E .— and many others.

Output of Titanium steel in 
ig io  was 326,300 gross tons.
In 1 9 1 1  the output increiscd 
to 410,600 gross to?is.

A sk for Booklet No. 3 3  and w e  will send literature explaining in detail 
th e  action o f Titanium  Alloy and how it can be used to  your advan
ta g e . If you are particularly in terested  in rails, ask for rail diagram s 
show ing superiority o f Titanium  Kails over plain open-hearth or 
B essem er rails.

T I T A N I U M  A L L O Y  M A N U F A C T U R I N G  C O M P A N Y
O p e r a t i n g  U n d e r  R o s s i  P a t e n t s  

P a c ific  C oast A gen ts  
E C C L E S  4. S M I T H  C O .

Los A nge le s , San F ra n c isco  and P o rtla n d
C an a d ia n  A g en ts  

R. J .  M E R C U R  d. CO.
M ontreal

C H A S .  V. S L O C U M
[G enera l Sales A g e n t 

6 3 0 - 6 3 1 - 6 3 2  Ol i ver  Bldg.  
P I T T S B U R G H ,  PA.

P r o c e s s e s  a n d  P r o d u c t s  F u l l y  P a t e n t e d

H .  H .  C O O K
D is tr ic t A g e n t 

P eop le ’s Gas B u ild in g , C h icag o , I ll in o is  
T H E  P R I M O S  C H E M I C A L  C O .

P rim es , D e la w a re  C ou n ty  
P e n n sy lv a n ia
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“ C H E M IC A L S ”
For the Laboratory

C H E M I C A L L Y  P U R E

A C ID S and C H E M IC A L S
with Standard A nalysis label 

Organic Chemicals for Research and Technical W ork
F ull Particulars and Prices on Application

The Baker & Adamson Chemical Co.
Easton, - Pennsylvania
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The most difficult problems
of m ixing and kneading materials 
in m any i n d u s t r i a l  fields 
solved b y  our

K n e a d in g  
M ixing  
Machinery

are

Our m achines are the only appar
atus w hich combine a perfect m ixer 

w ith a thoroughly effi
cient kneader.

Th ere are over 15 ,000  
m achines at w ork in 
a ll parts of the world 
and for a ll purposes—  
chem ical and pharm a
ceutical p r o d u c t s ,  
colors, p a i n t s ,  var- 

oils, w hite lead, 
carbon, carbide, ex
plosives, paper pulp, 

cellulose, foundry sand and loam, rubber m aterials, etc.

W e have succeeded where all previous attempts failed.

E U R O PE A N  H O U S E S :
C an n s ta tt-S tu ttg a rt,  B erlin , Cologne, Moscow, V ienna, P aris  and  London,

W ERN ER & PFLEIDERER CO.,
S A G IN A W . M IC H .

, f  P H IL A D E L P H IA , P A ., Drexel Building
Branch Offices \

( N E W  Y O R K , N. Y ,  Tribune B uild ing

Write fo r  Catalog 
and fu ll  parlicidars

T R A D E M A R K
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No. 19840

Allen-Moyer Gas Apparatus 

Featured b y  unusual durability  and compact

ness. Price, $25.00.

Hartmann W ash Bottle

Sim ple  device for w ashing precipitate w ith 
measured quantities of liquid. Price, $2.50.

Bausch & Lomb U. S. Balance

N ew  model w ith m echanical 
rider displacem ent, adjustable 
m iddle ax is  holder and ter
m inal axes, im proved compen
sating hangers, concentric and 
scale arresters.

Price,  $ 4 8.00.

Aleker Burner

Price, $1.00.

New Electric W ater
R eplaceable unit 
ven ientaud  practical.

Price,

No. 19880



Oct., 1912 TH E JO U R N A L  OF IN D U ST R IA L  AND E N G IN E E R IN G  C H EM IST R Y. 9

B ausch  and Lomb
Laboratory 
Apparatus

is unexcelled in design and general 

efficiency.

T h e  items here displayed are a 

few  of our newer instruments, 

w hich are m eeting w ith special 

favor. We m ake a feature of new 

apparatus and can supply at any 

time a fu ll line of the highest grade 

instruments, accessories, glassware, 

chem icals and general equipment 

for the laboratory.

L o n g  association w ith the labor

atory worker and experience in 

m eeting his needs have aided us in 

selecting and m aintaining our line.

W rite at once for circular m atter 

and further information.

Chemical Microscope
N ew  model w ith handle arm 
and superior optics; im proved 
to g ive  w ider range of service.

Price, $ 8 4 .0 0  up.

No. 19844

New Universal Colorimeter
Featured by its universal 
application, speedy and con
venient m anipulation, accu
racy, compactness and moderate 
cost. Price, $22.5 0  up.

Bausch &  jpmb O ptici ©•
WCW Y O R K  W A S H I N G T O N  C H I C A G O  S A N  F R A N C I S C O

L o n d o n  ROCHESTER,. N.Y. F r a n k f o r t
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B R A U N  C O R P O R A T IO N

(ROTAREX)
DtC TP«3t M AA«/

sjjVFlüNC

THE DULIN ROTAREX
A  T I M E  R E D U C E R - A  R E S U L T  P R O D U C E R

A  M A C H IN E  T O  D E T E R M I N E  T H E  

MINERAL AGGREGATE IN BITUMEN PAVEMENTS

ÊQTAREX

L O S  A N G E L E S , U . S . A .  S A N  F R A N C I S C O , U . S . A .

The asphalt receptacle of aluminum 
has a plate glass cover so  sam ple may 
be observed at all times and solvent 
added as required without removing 
cover.

The solvent used is non-inflamma- 
able.

Sam ples of 10 ,2 5  or 50  grams may 
be run, insuring accurate results.

The motor used may be connected 
to any 1 10  volt direct or alternating 
current (except 2 5  cycles or less).

Time for extraction is five minutes, 
leaving the mineral aggregate per
fectly dry so  grades may be deter
mined.

Write for circular No. 92 for full description.

P A T E N T  A P P L IE D  FO R
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TheMay=Nelson Rotary Pump
(P a ten ted )

A n  “ all m etal ” pum p of 
large capacity, w ork in g  on  
an en tire ly  n e w  principle.

T h e 2 r i n g  p u m p  w ill  
q u ick ly  evacuate a 6 litre  
v esse l to 0 .0 5  m m . of m er
cury .

T h e 3 ring pum p w ill  
reduce the pressure d o w n  to 
0 .0 0 2  m m . of m ercury.

S P E C I A L  F E A T U R E S

Rapid in action.
Compact and unbreakable.
Produces a high vacuum.
Efficiency unaffected b y liquids.
Especially suited fo r vacuum distillation 
Requires little attention or adjustment.
Can also be used for producing blast.

Write fo r  Descriptive Booklet 
to

the Sole Distributors.

E IM E R  & AM END
Educational and Industrial Laboratory Supplies

Main Office and Showroom  205- 207=209-211 Third Avenue
NEW YORK CITY
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Accurate  
Determination of 

CO] in 2 m inutes

For flue-gas analysis-.'burner gases in acid plants, 
sulphite mills and smelters and other places where 
quick and accurate analyses are to be made b y  
chemists, engineers or firemen, install the new

W illiam s Improved Gas 

Apparatus Model B.

Being fitted w ith  the Williams Improved 
Bubbling Absorption Pipettes, it practically cuts 
in tw o the time required for an accurate analysis.
T h e Mantle Pipettes lessen liability of breakage.

A  d ry  sample of gas m ay be taken directly into 
the apparatus, doing a w a y  w ith  the bother and in
accuracy of sample bottles.

Don’t buy antiquated gas apparatus—it costs 
just as much as the Williams Improved,

For the descriptive booklet W, address 
Apparatus Department.

F. W. Williams, Watertown, N. Y.
Consulting Chemical Engineer & Industrial Chemist

Offices and Research Laboratory Industrial Laboratory
Bank and Loan Building Park Place
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The Freas Sensitive Water 
Thermostat

( P A T E N T E D )

«1 E s p e c ia l ly  s u it 
able for the refined  
m e a s u r e m e n t s  of  
p h y s i c o - c h e m i c a l  
work; fo r  botanical  
in v e st iga to rs ;  exact  
s p e c i f i c  g ra v ity  de
term inations; etc.

<1 A really  s a t i s 
factory and reliable  
thermostat sensitive  
to 2 / 1 0 0 0 ° C , that  
can be depended  
upon for  continuous  
unattended o p e r 
ation.

W rite  today for descrip tive booklet to

The sole distributors.

EIMER & AMEND
Educational and Industrial Laboratory Supplies

Main Office and Showroom 205=207=209=211 Third Avenue
NEW YORK CITY
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A IN S W O R TH  
TYPE T  C HEM ICAL BALANCE

WI TH M U L T I P L E  R I D E R  C A R R I E R
S E N S I B I L I T Y  ' / »  M G .

C A P A C I T Y  2 0 0  G R A M S .
T h is  b a la n c e  h a s  6 inch  n ick e l a lu m in u m  b ea m  w ith  a g a te  edges, a n d  b ea rin g s , im p ro v ed  

r id e r  a p p a ra tu s ,  s k e le to n  h a n g e rs  a r ra n g e d  fo r  th e  u se  o f g la ss  p a n s , m e ta l p la te s  o r  o n e  of each , 
a ll b ra s s  w o rk  g o ld -p la te d , in  m a h o g a n y  ca se  w ith  c o u n te rp o is e d  s lid in g  f ro n t  d o o r  a n d  r e 
m o v a b le  r e a r  d o o r  fo r  w e igh ing  la rg e  a p p a ra tu s ,  a n d  e x te n s io n  g la ss  s u b -b ase  co v e rin g  e n t ire  
to p  of base .

T H E  M U L T I P L E  R I D E R  C A R R I E R
handles all w eights below one gram , rendering  unnecessary the  use of th e  usual fractional gram  
weights. Send for C atalog A 13.

WM. A I N S W O R T H  & S O N S
Denver, Colo., U. S. A.

IDoffman & IRropff CDbemical Co.
. . . . /M an u fac tu rers  o f . . , .

S gntbetic  ©rganic anb H n a l^ e b  Anorganic 

of exceptional p u r itg ,  for u se  in Commercial, Scientific an!) 'Glniversity ^Laboratories.
PCiCC X iS t 0 I \ tJCQUCBt.

613, 615, 617, 619 'Kent B peitue = JSroofelgn, 1R. 2t>.

Let M ERCK
Make the

“ Blank”  Test
For You

To that end, buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  & C O .
N E W  Y O R K
CT f f l f  If 03 1 .  L U U I j

R A H W A Y ,  N . J .



U n f o r t u n a t e l y  t h e r e  h a v e  b e e n  v a c u u m  
d r y e r  i n s t a l l a t i o n s  w h i c h  w e r e  n o t  s u c 
c e s s f u l .  B u t  t h e y  w e r e  n o t  B .  F .  &  M .  
D r y e r s .  W e  c a n  s h o w  a  c l e a r  r e c o r d  o f  
s u c c e s s  f o r  o u r  d r y e r s .  O u r  r e c o r d  i n  
t h i s  r e s p e c t  i s  u n i q u e .  B .  F .  &  M .  
D r y e r s  h o l d  t h e  r e c o r d  f o r  S U C 
C E S S F U L  i n s t a l l a t i o n s .  B y  c h o o s i n g  
B .  F .  &  M .  a p p a r a t u s  y o u r  i n v e s t m e n t  
i s  s a f e g u a r d e d  b y  a  g u a r a n t e e  t h a t  m e a n s  
absolute s a f e t y .

B .  F .  &  M .  V a c u u m  D r u m  D r y e r s  a r e  
a n  e x a m p l e  o f  t h e  “ H i g h e s t  A t t a i n m e n t  
i n  V a c u u m  D r y e r s . ”  B .  F .  &  M .  D e s i g n  
o f f e r s  d i s t i n c t i v e  a d v a n t a g e s  i n c l u d i n g  
a n  i m p r o v e d  m e t h o d  o f  a p p l y i n g  l i q u i d

t o  t h e  d r u m ,  l a r g e  w o r k i n g  d r u m  a r e a ,  
a i r  -  f u r n a c e  m e t a l  d r u m ,  o n e  -  p i e c e  
c h a m b e r ,  a c c e s s i b i l i t y  o f  i n t e r i o r  f o r  
s c o u r i n g ,  i m p r o v e d  k n i f e  a n d  k n i f e  a d 
j u s t m e n t  d e v i c e ,  l a r g e  v a p o r  o p e n i n g s ,  
l a r g e  l i q u i d  s e a l e d  d u s t  c a t c h e r ,  l a r g e  
c o o l i n g  o r  h e a t i n g  c o i l s  a n d  a  m e t h o d  o f  
a s s e m b l i n g  a n d  t e s t i n g  w h i c h  i n s u r e s  
p e r f e c t  o p e r a t i o n  f o r  e v e r y  d r y e r .  T h e s e  
a n d  o t h e r  u n i q u e  a d v a n t a g e s  m a k e  
B .  F .  &  M . D r u m  D r y e r s u n a p p r o a c h a b l e  
f o r  e c o n o m y  i n  o p e r a t i o n  a n d  e x c e l l e n c e  
o f  p r o d u c t  m a n u f a c t u r e d .  I n v e s t i g a 
t i o n  w i l l  l e a d  y o u  t o  i n c o n t r o v e r t i b l e  
e v i d e n c e  o f  e v e r y  a s s e r t i o n  w e  m a k e .  
W e  b u i l d  d r y e r s  o f  v a r i o u s  t y p e s  f o r  
e v e r y  s e r v i c e .

T h e  f a c t  t h a t  w e  h a v e  o n e  o f  t h e  l a r g 
e s t  a n d  b e s t  f o u n d r i e s  i n  t h e  c o u n t r y  i s  
d i r e c t l y  d u e  t o  t h e  f a c t  t h a t  f o r  3 ' e a r s  w e  
h a v e  b e e n  r e c o g n i z e d  a s  h e a d q u a r t e r s  f o r  
t h e  h i g h e s t  q u a l i t y  c a s t i n g s .  O u r  p r o d 
u c t  b u i l t  o u r  b u s i n e s s .  F a c i l i t i e s  c o u n t  
h e a v i l y  w h e n  i t  c o m e s  t o  h a n d l i n g  2 0 0 -  
t o n  c a s t i n g s  i n v o l v i n g  p e r h a p s  6 0 0  t o n s  
o f  r i g g i n g  i n  p r e p a r i n g  t h e  m o l d s .  N o t  
o n l y  o u r  a b i l i t y  t o  h a n d l e  l a r g e  w o r k  i s  
o f  i n t e r e s t  t o  u s e r s  o f  c h e m i c a l  c a s t i n g s .  
T h e  q u a l i t y  o f  t h e  s m a l l e s t  a s  w e l l  a s  
t h a t  o f  t h e  l a r g e s t  c a s t i n g  w e  t u r n  o u t  i s  
s a f e g u a r d e d  a t  e v e r y  s t e p .  W e  k n o w  
e x a c t l y  h o w  m e t a l  s h o u l d  b e  t r e a t e d  f o r  a  
g i v e n  s e r v i c e ,  a n d  b y  m e a n s  o f  o u r

l a b o r a t o r y  a n d  m e t a l l u r g i c a l  s t a f f  w e  s e e  
t h a t  t h e  p r o p e r  t r e a t m e n t  i s  a c t u a l l y  
u s e d .  A  s y s t e m  o f  c o n t i n u o u s ,  i n t e r 
l o c k i n g  c h e c k s  a n d  c o u n t e r c h e c k s  e l i m i 
n a t e s  e v e r y  p o s s i b i l i t y  o f  d e f e c t  i n  t h e  
f i n i s h e d  p r o d u c t .  N o t  e v e n  a  d i m e n s i o n  
c a n  g o  w r o n g .

E v i d e n c e  o f  t h e  q u a l i t y  o f  o u r  c h e m i c a l  
c a s t i n g s  i s  s e e n  i n  t h e  f a c t  t h a t  u s e r s  
r e p o r t  f r o m  3  t o  5  t i m e s  t h e  s e r v i c e  f r o m  
o u r s  a s  c o m p a r e d  w i t h  t h o s e  p r o c u r a b l e  
a n y w h e r e  e l s e  i n  t h e  U .  S .  o r  a b r o a d .

Y o u  b u y  s e r v i c e ,  n o t  m e r e l y  m e t a l  
w h e n  y o u  b u y  B .  F .  &  M .  C h e m i c a l  
C a s t i n g s .

Buffalo Foun d ry  Machine Company, B u ffa lo ,  N .  Y .
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J. P. DEVINE
428 Brisbane Bldg.

VACUUM DRYING AND
Vacuum Drum Dryers

The Patented Vacuum Drum Dryer is especially 
adapted for the drying of Dyewood and Tannin extracts, 
albuminous substances, milk, eggs, vegetable and meat extracts 
and other food products.

The apparatus is equipped with patented device to pre
vent solution coming in contact with ends of drum or any 
portion of heating surface not in contact with scrapers; and 
other auxiliaries to prevent frothing and to insure a rapid and 
uniform drying without risk of spoiling or deteriorating the 
m aterial being dried.

The advantages of the Vacuum Drum Dryer are automatic 
and continuous D rying; superiority of dried product by reason 
of rapidity of drying at low temperature and absence of air 
impurities; freedom from dust and elimination of danger to 
health of employees and destruction of property; a minimum 
cost of operation, including labor; the combination of evapora
tion and final drying in one operation.

Capacity and quality of dried product imitated, but never 
equalled.

Vacuum Rotary Dryer
R otary  Vacuum Drying Apparatus for Granular sub

stances, Starch, Dextrine, Cereals, Brewery and Distillery 
Grains, Fish Guano, by-products of chemical manufacture, etc.

Concentric with the steam jacketed shell is a  revolving 
inside drum, heated by live or exhaust steam with stirring 
blades attached. The m aterial being dried between inside 
drum and outside cylinder, every particle comes into close 
contact periodically with the heating surfaces and thereby 
effecting a very thorough and even drying process.

B y  means of a  Special Device, small samples m ay be taken 
from time to time, without breaking vacuum. The dried 
material is discharged by its own gravity  into sacks or a con
veyor. I f  large quantities are to be dried continuous charging 
and discharging can be accomplished by a special automatic 
device.

The Apparatus is manufactured in a variety of sizes to 
meet every requirement.
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‘ EVAPORATING APPARATUS
Vacuum Chamber Dryers
Our Vacuum Chamber Dryer is adapted for Aniline and 

other Dyes, Effervescent Salts and other chemical and pharma
ceutical preparations and extracts, milk, chocolate and bis
cuits, Rubber and materials used in compounding, Fruit, 
Incandescent Mantles, Artificial Boards, etc.

Materials which are difficult to dry or cannot be dried in 
the atmosphere without decomposition have all moisture 
removed in a very short time without the least danger of im
pairing their character by overheating; if hot water be used, 
the evaporation of moisture contained in the materials takes 
place at as low a temperature as 6 3° F .

The consumption of steam is reduced to a minimum: as a 
rule 1.2 lbs. of steam suffices to evaporate 1 lb. of water. This 
includes m otive power for Vacuum Pump, provided the ex
haust is used for heating the chamber.

The Apparatus is manufactured in a great variety of sizes 
to meet every requirement.

Vacuum Safety Dryer
Passburg Safety Vacuum Drying Apparatus has been 

especially designed for Smokeless Powder, Fulminate of 
Mercury, Gun Cotton and other Explosives.

The Apparatus is provided with an Expansion Chamber to 
receive, in case of explosion, the expanding gases and thereby 
destroy their destructive power. The advantages of this 
Apparatus are: The Drying time is reduced to a fraction of 
that required by othermethods; the solvents, notwithstanding 
rapidity of drying, are thoroughly eliminated; complete 
recovery of the solvent in closed vessels; the quality of the 
explosives is superior, more powerful and keeps better.

This Apparatus and System  has been adopted by various 
Governments and by the leading private establishments in 
this country and Europe.


