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EDITORIALS

THE PURIFICATION AND SOFTENING OF WATER BY
PERMUTITE.

The advantages to be gained by the use of soft

water in steam raising and for many manufacturing

operations are now generally recognized. It is also
conceded that the presence of iron in water for dyeing,
printing, bleaching works and paper factories, is
very undesirable. In brewing, too, water containing
much iron is objectionable. Therefore, the applica-
tion of the product “ Permutite,”’ an artificial zeolite,
3510,.A1,0,(K,0.Na,0.Ca0).6H,0, for the® purpose
of removing certain constituents from water and
softening it, is of great interest to the chemist and
engineer.

The Permutit-Filter Co., of Berlin, was organized in
1909 for the purpose of exploiting the above-mentioned
artificial zeolite under the trade name ‘‘Permutite’”
(see Appelius, Chem. Rev. Fetl-Harz. Ind., 1909, p. 300).
This company devised also a process for softening water
and for relieving it of iron and manganese (English
Patent 26,074, Nov. g, 1910). A number of other for-
eign companies are now being organized for developing
these methods of water treatment. The ‘‘Permutite”’
process has been operated on a commercial scale at
Glogau for the removal of manganese from water.

R. Gans (Mitt. aus. d. Koenigl. Prufungsanst. f. Was-

serversorgung w. Abwasserbeseitigung zu Berlin, 1907, p.
8; Woch. f. Brau., 24, 270) found that the aluminate-sili-
cates exchanged their bases not only for alkalies and al-
kaline earths, but also for iron, manganese, lead, silver,
and presumably for all metals. He pointed out that a
filter of such material could be regenerated after use
by washing with alkali salts, by which the metals
separated from the water were redissolved. Accord-
ing to Gans, by fusing aluminum silicates with sodium
carbonate and sufficient quartz to decompose all the
carbonate, aluminate-silicates containing 12—-15 per
cent. Na,O are obtained which are excellent filtering
media. He stated that the soda content was of
the greatest importance, since it was found to re-
. place the bases present in the water. In one experi-
-ment conducted by Gans, well water which rapidly
became turbid in the air, owing to the separation of
iron, was filtered through a 10 cm. layer of calcium
aluminate, the water level falling 10 cm. per hour.
The whole of the iron was removed from the water
by the filter, from which it was afterwards dissolved
by washing with sodium chloride solution.

Gans also made experiments on the softening of
water for boiler-feed purposes. A hard water was
treated with sodium aluminate-silicate, which was
found to remove the lime and magnesia quantita-
tively, leaving only the alkali carbonates, sulphates
and chlorides, together with the small proportion of
silicates contained in the original water. He found
that if only three-fourths of the sodium of the sodium
aluminum silicate was replaceable, 4.5 lbs. of the
material would remove from 30 cu. ft. of water pos-

sessing a hardness of 20 degrees (German), all salts
capable of forming. boiler incrustation. Gans re-
ported (Chem. Ztg., 31, 355) that manganese could be
separated from water by filtration through a layer of
granular aluminum silicate, prepared by fusing clay
with an alkali carbonate, and adding to the fused mass
sufficient quartz to combine with almost the whole of
the alkali. After extracting the mass with water, the
silicate was obtained in a granular or flaky form. Re-
generation of foul filtering layers was found to be accom-
plished by washing with calcium chloride or calcium-
sodium chloride solution. Gans also reported that hy-
drated silicates, both natural and artificial, were capable
of withdrawing the bases from alkaline and neutral salt
solutions, and that potash and soda might be eliminated
from sugar juice by means of aluminun silicate (Z.
Ver. Deut. Zuckerind., 1907, p. 206). In German Patent
174,097, of January 12, 1903, issued to Gans, it is
pointed out that artificial zeolites or alkaline-earth
aluminate-silicates for the purification of molasses need
to be free from uncombined lime (see also French
Patent 374,525, February 11, 1907, of the J. D. Riedel
A.-G.; and United States Patent 943,535, December 4,
1909, of R. Gans, for the manufacture of hydrated
aluminum silicates).

In a patent issued to Gans in 1907 (English Patent
8232, April 9, 1907) the claim is made for the manufac-
ture of hydrated alumino-silicates, or artificial zeolites.
About this time Gans gave further evidence of the use-
fulness of aluminum silicates for improving water sup-
plies (. Gasbeleucht., so, 1026); he pointed out that
iron and manganese were removed completely by pass-
ing the water through a filter composed of calcium-

aluminum silicate; that a hard water could be softened

by filtration through sodium-aluminum silicate, the lat-
ter material also serving to remove any iron, manganese
and ammonia which might be present in the water; and
recommended that in supplies where the hardness was
due principally to calcium sulphate, the water be passed
successively through layers consisting of strontium-
aluminum silicate and calcium-aluminum silicate.

In 1908, Lithrig and Becker (Chem. Zig., 32, 514,
531) conducted experiments on the efficiency of the
‘‘Gans method”’ for removing manganese sulphate from
water by means of natural or artificial zeolites. They
found that similar results were obtained with the nat-
ural and artificial substances, but that the latter were
more active; that a given quantity of manganese sul-
phate was most effectively removed from dilute solution
made to filter slowly through a bed of the silicate;
that the presence of the salts of other bases in solu-
tion was unfavorable to the absorption of manganese;
and that by subsequent treatment of the silicate
with solutions of salts such as ammonium chloride,
in order to revivify it, the whole of the absorbed
manganese was not removed, but was found to be
present partly as hydrated peroxide, which, on a large
scale, tended to obstruct the filter beds.
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The patents granted to R. Gans and the J. D. Riedel
A.-G. in 1909 (French Patent 405,990, July 17, 1909;
English Patent 21,184, Sept. 16, 1909; and U. S. Patent
951,641, March 8, 1910) contain claims for a process for
removing iron and micro-organisms from water. It is
stated that the process consists in treating the water
with insoluble higher oxides of manganese with the
cooperation of natural or artificial zeolites (cf. German
Patents 145,797 and 154,792). The claim is made that
if a calcium-zeolite is treated with a solution of a man-
ganous salt, a manganese zeolite is formed, which, on
treatment with a solution of calcium permanganate,
yields a product consisting of the higher oxides of man-
ganese distributed in a fine state of division throughout
a calcium-zeolite. According to Gans (Chem. Ind., 32,
197), 450 kg. of calcium-zeolite were found to be changed,
by washing with manganous chloride solution, to man-
ganese-zeolite; treatment with a calcium manganate
solution converted the latter into calcium-zeolite again.
On filtering the water to be treated through this ma-
terial, the iron is said to be rapidly oxidized and re-
moved, and the bacteria and organic matter destroyed;
any manganese present in the water is also said to be
removed. In later patents to the same parties (French
Patent 409,006, Nov. 13, 1909; English Patent 26,842,
Nov. 18, 1909; and U. S. Patent 960,887, June 7, 1910),
_ the water to be softened is treated with barium, calcium
. or magnesium hydroxide, and sodium hydroxide or car-
bonate, according to the nature of the hardness, and
then filtered through a layer of a natural or artificial
zeolite.

‘When a water containing manganese salts in solution
is passed through a filtering bed composed of a zeolite
impregnated with higher oxides of manganese the man-
ganese is separated in the form of a mud. It was found
in practice as early as 19o7 that if this mud was not re-

moved from the filter, it eventually formed small porous -

particles which did not interfere with the filtering ca-
pacity of the bed, but, in fact, increased its efficacy with
regard to the removal of manganese’from water (see
German Patent 220,609, Oct. 28, 1908, of the ]. D.
Riedel A.-G). However, when revivification was
attempted—i:. e., on the bed containing manganese
mud—the manganese retained was found to be an ob-
struction to rapid filtration.

Natural stones, such as trass, phonolite, porphyry,
leucite, trachyte, sodalite, and mica, are also employed
in making filters through which the water to be treated
is passed. These minerals are used either directly,
if they have been hydrated naturally, or after they
have been treated with steam under pressure; but
we are not aware of their application in the place of
artificial zeolite.

Two investigations have recently been published on
“Permutite.” Anders (Woch. f. Brau., 28, 78) con-
ducted laboratory experiments with the product for the
softening of water. His results showed that ‘‘Permu-
tite'’ is applicable for the softening of feed-waters, but
not for mash-waters because it takes up sodium salts.
He found that a ‘“‘Permutite’ filter may be completely
regenerated by the use of a sodium chloride solution.
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Kolb (Chem. Zig., 35, 1393, 1410) also investigated the
application of ‘‘Permutite’” to the softening, as well as
thepurification, of water. Hemadeexperiments, bothby
shaking and by filtration, as to theinterchange occurring
between ‘‘Permutite’”’ and the chlorides of calcium,
magnesium, and potassium; and found that the soda of
the ‘‘Permutite’”’ was replaced by the bases of the salts
added in molecular proportions. He also ascertained
that the ‘“Permutite” could be regenerated by treat-

‘ing the used substance with sodium chloride, and

that iron and manganese, as well as the alkaline
earth metals, could be removed from solution. Kolb
stated that with a filter formed of ‘‘Permutite,”
complete softening of water could be effected, but the
water must not contain acid or suspended matter.
In the case of a muddy water, in addition to block-
ing the pores of the filter, the mud coated the grains
of the filtering material with inert matter and pre-
vented the desired chemical reactions. Kolb con-
sidered the regeneration of the ‘‘Permutite’”’ by a
solution of sodium chloride to be of industrial im-
portance, since it would enable the same filter to be
used for an indefinite period. According to his find-
ings, the richness of the treated water in sodium
salts is not detrimental to boiler-feed water.

It would seem that ‘‘ Permutite,”” to be of value for
technical uses, must be of a granular or leafy, easily
porous character, such as is obtained by melting to-
gether the constituents in definite proportions. The
amount of clay is calculated according to the amount
of bases. Gans considers that the composition of an
ideal zeolite, 2Si10,.A1,0,.Na,0.6H,0, should be ap-
proached. W. A. HamoR.

THE PAINT AND VARNISH INDUSTRY OF THE UNITED
STATES.

Up to ten years ago this industry was more or less
in an empirical state. Even the manufacture of dry
colors, such as chrome yellow, Prussian blue, chrome
green, etc., which are purely chemical colors—and
the reaction can be figured out molecularly—was
carried on by men who had what they thought were
secret formulas, and if more of one liquid than another
was added, no note was taken of it. The mixed
paint industry was also in a somewhat chaotic state,
but a few men came to the realization that white
lead was not the only pigment, and linseed oil and
turpentine not the only vehicles which could be used.
The mixed paint consumption to-day amounts to
eighty million gallons per year, and such materials
as barytes, blanc fixe, lithophone, sublimed white
lead. silica, etc., are now regarded as beneficial acces-
sories, rather than adulterants.

With the co-operation of the Department of Agri-
culture, such vehicles as soya bean and china wood
oils are receiving marked attention. China wood
oil is to-day such a necessity that the revolution in
China, which has brought the price of the oil up to
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$1.10 per gallon, has made it apparent that the paint
and varnish manufacturer must have it at any price.

The shortage in the crop of flaxseed has not produced
that tremendous market disturbance which was
feared two years ago, for many prominent chemists
have published methods for the use of Menhaden
fish oil, which in many respects has shown itself to
be at least as good as linseed oil.

The same condition has prevailed in the turpentine
market, for in March, 1911, when the price reached
$1.13 per gallon, the United States Navy decided
that for its work a good turpentine substitute made
from petroleum would answer its requirements,
and the government is now using thousands of gallons
of turpentine substitute for which it pays from twelve
to fifteen cents per gallon. As the Navy purchased
in 1910 about $70,000.00 worth of turpentine, this
innovation has had a tremendous effect on the turpen-
tine market, and the chances are it will never see such
an abnormally high price again.

There seems to be a difference of opinion, all over
the United States, regarding the materials to be used
for paint, for it is conceded that paint should be made
for the purpose for which it is intended, and should
not necessarily be made of the highest priced materials
which will produce that result. The Battleship Gray
which the Government has partially adopted for the
navy is made of 45 per cent. zinc oxide and 45 per
cent. barium sulphate, with the necessary tinting
material to produce the shade. A paint made of such
materials costs about 25 per cent. less than the lead
and zinc paints which were formerly wused. The
results showed that the zinc oxide and barium sulphate
paint dried with a harder film and was not affected
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by salt water as much as the lead paint formerly used.

A similar condition of affairs has developed in the
maintenance departments of the large railroads of
the United States, and they have come to realize
that no single pigment is as good.as a mixture of
pigments, and no single pigment is as good as a pig-
ment which contains a reinforcing material in limited
amounts.

The trend of opinion among paint manufacturers.
seems to be that they are more inclined to talk freely
than they have been heretofore. Twenty-five years
ago a paint manufacturer regarded a formula which
he had as a valuable secret, but chemists who have

‘made a specialty of the analyses of paints and their

syntheses have shown that the average pigment
mixed with oil, dryer and a volatile thinner is not
a difficult mixture to analyze, and many of the secrets
of the ignorant paint manufacturers have been ex-
posed for their own benefit. Instead of having
what they thought were valuable secrets, they had
in many instances only mediocre formulas, which
they improved when they saw what their competitors
were doing. :

Paint is so largely an engineering material that
a knowledge of its composition is not to be treated
lightly, and must not be regarded as an extravagance.
Paint for decorative purposes presents new problems.
The question of hygiene has entered so much into the
use of paint that the wall paper manufacturers in
England are now going into the manufacture of interior
wall paints because people want washable walls in
preference to those which harbor filth and germs.

MaximiLiaN TocH.

ORIGINAL

PAPERS

CARBON BRUSHES.
By W. R. WHITNEY.
Received January 24, 1912,

The object of this paper is to describe some experi-
ments which are being carried out with the view of
assisting in an improvement in the qualities of motor
and generator brushes, particularly of the carbon type.
It is well known that while there have been very many
improvements in all sorts of electrical apparatus
during the past twenty years, there has not been
a corresponding improvement in the quality of brushes,
at least in this country. It is a peculiar commercial
or manufacturing condition which all engineers will
recognizé when their attention is called to it—that
an electrical manufacturing company usually puts
upon its motors and generators all the legitimate
accessories of its own make which are possible, ex-
cepting the brushes, and forces the users to purchase
brushes from companies not necessarily in very close
touch with electrical requirements.

If the brush was as simple an article of manufacture
as the lag screw with which the apparatus is attached
to the floor, this would not be serious, but quite a
different condition exists. In fact, I think it is safe

to say that a poor carbon brush, or brush of a wrong
type, may render inoperative any kind of electrical
apparatus. When one considers the stoppage of a
long line of electric cars or the temporary shut-down
of a generating plant, because of defects in a brush,
one wonders that the demands have not already
made an art of brush-making. One finds, in fact,
that the production of this very essential, unobtrusive
little block of carbon has had hardly any study at all.

Every electrical machine is carefully designed in
detail as to size and shape of copper, iron and insula-
tion, all of which vary with each machine, but as
yet the important characteristics of a brush are not
included. in the design, although some one grade of
brush is expected to operate satisfactorily over a great
range of design. As long as this unfortunate condi-
tion exists, the best that can be hoped for is a brush
which will do fairly well for a large number of machines,
very well on a few and cause continuous trouble on
a small balance until investigation of the constants
of the particular machine, or its operating condition,
shows the need of a different type of brush.

The careful investigation now in progress leads
us to hope that the various characteristics of carbon
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brushes will soon be sufficiently understood, so that
before long the designers of dynamos and motors
will be enabled to use a brush exactly fitted to a par-
ticular design of machine, rather than a brush which
does fairly well on machines of that general size and
character.

Apparently the carbon brush was first made from
such stock as is used for arc lamp.electrodes and dry
cell carbons. It was mixed, molded and baked in
practically the same way, and the prices fixed on that
basis. We have experimented with the understanding
that a product might be producible which could bear
a ten-fold greater cost of production than ordinary

- carbon brushes, and it is probable that our present
- methods are not far from this condition.

In what we call the early days, the motor or generator
brush consisted of a brush of leaves of copper, and
this had to be treated with the best of care. It was
frequently cleaned and oiled and on some types of
machines gave much trouble. It was usually set
at an angle, so that the ends of the laminae bore upon
the commutator. Any reversal of direction of rota-
tion, as has frequently to take place in such apparatus
as railway motors, was out of the question with this
kind of brush. A block of solid copper bearing directly
upon the commutator on such machines causes arcing
and spattering of the metal, as there is a relatively
high current passing from one commutator segment
to the adjacent segment, through that part of the
brush which connects them. This was a reason
for laminae in the brush.

Our first experiments were taken up along the line
of previous methods of manufacture and attempts
were made to get at some sort of life tests and standards
of comparison. We tried to learn what a good brush
had to do and how long it might be expected to do
it. In lamp manufacture the testing is an art by it-
self. An incandescent lamp is made to burn a certain
time at a prefixed efficiency. We questioned whether
a carbon motor brush could be submitted to similar
life and quality tests. We recognized the importance
of learning, if possible, what physical properties or
constants for brushes would help in determining
quality for electrical uses. The art is undeveloped,
so that there is no considerable agreement between
engineers even on important points. For example,
it would be made clear by one engineer that a brush
must be much softer than copper, so as not to wear
away the commutator, and must not contain any
hard spots because these might take up metal from the
commutator. Against this was the equally powerful
argument that the brush must be harder, so as to cut
mica, and prevent the insulation finally protruding
above the copper, and for this reason, carborundum,
the hardest practical material, has been experimentally
introduced into brush material. That the contact
resistance should be relatively high and the body
resistance low, were also practical suggestions. In
order to operate systematically, we attempted to choose
properties or tests to which numerical values could
be attached. It was not assumed that all or even
any of these factors could be interpreted strictly in
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terms of brush quality, but some such system of co-
ordinating and comparing experimental products
seemed mnecessary. We would naturally welcome
suggestions leading to better tests. There were
finally adopted measurements of hardness, tensile
strength, density, electrical resistivity and such
mechanical tests as chip and fracture tests.

The hardness is determined by the Shore Sclere-
scope, which consists essentially of a diamond-pointed
weight which falls freely in a perpendicular glass
tube and, striking upon the brush, rebounds to a
height in the tube, which height is read from a scale.
In general, the harder the material, the higher will
be this rebound. In the case of brushes it distinguishes
qualities over a range of about seventy units and
is of considerable value in determining regularity of
product.

A brush as made for railway motors and containing
coke, graphite, lampblack, and binder carbon, if
properly baked and fired, would have a hardness
about so, while if .the firing be interrupted at say
500° C., its hardness value would be about 2o0. If
the coke and lampblack be omitted, while the binder
carbon is 3 per cent., and natural graphite be used,
the hardness value will fall to about 16, even after
firing for maximum hardness. In other words,
such brushes as find common use on electrical apparatus
may vary in hardness, depending upon the desired
use, from 15 to 75 units of hardness.

The tensile strength is determined by cutting from
the brush, held between steel guide plates, a definite
testing piece of the.carbon which can be held in the
grip of the strength-testing machine and which will
break at a point where the cross-section is exactly
one-quarter square inch. The break is produced
by the addition of shot at a definite rate to a pan
supported by the test sample. The strength is ex-
pressed in pounds per square inch section.

The density compared to water is calculated from the
weight of the brush and its physical dimensions.

The resistivity is determined by measuring the
voltage drop across contact points 1%/, inches apart,
which points bear heavily upon the brush when a
current is sent through the brush. Separate contacts
are used for the current. The accuracy of the measure-
ment is about 3 per cent. of itself.

Some sort of chipping test seemed desirable because
brushes in use often deteriorate and wear away,
due to flaking off of chips from the edges of the bearing
surface. This would be expected from the nature
of the impacts given a brush when it chatters on a
rough armature, revolving at high peripheral speed.
The chip test we have used consists in a clamp for
holding the brush firmly on a solid base or anvil,
and in a weight guided by perpendicular rods, which
weight falls from a fixed height and strikes the bearing
face of the brush repeatedly at the same point, about
a millimeter from the edge. The number of impacts
necessary to force off a chip is called the chip test.
This is quite surprisingly uniform for uniformly made
brushes. It is usually weighted so that a brush of
best quality will regularly chip after about ro impacts



244

of the weight when dropping from an increasing height
in steps of 1 centimeter each.

Additional qualitative tests have resulted from
comparison of product under different conditions.
For example, the fracture or appearance of the fresh
surface produced by breaking the brush across its
longer dimensions discloses very effectively any ir-
regularities produced by improper baking or pressing.
This cross-section should be quite homogeneous and
the fracture regularly conchoidal or square. No
shelves, cracks or angular markings will be disclosed
on breaking a well made brush. It is believed that
such internal irregularities represent weakened struc-
ture, that even miniature cracks might take up and
carry copper from the commutator and that breaking
of a brush in use may often be attributed to internal
cracks produced in the manufacture. Undoubtedly
a rough commutator or heavy pressure of the spring
of the brush-holder accounts for the breakage of many
brushes in use, but in our tests on operating machines
these variables are kept under control as much as
possible.

FiG. 1.

F16. 2.

To illustrate this point, Figs. 1 and 2 are introduced.
No. 1 shows a typical case of an improperly baked
brush. The ingredients are the same as in 2, which
was pressed and baked with greater care. The
imperfections noted in 1 are produced by too rapid
heating. They are not discoverable in the brush
before breaking it. Neither of these is a squirted brush
(#. e., cut from a bar squirted through a die), both
having been pressed to the desired shape from the
powdered mixture.

The composition of the mixture from which the
brush is molded has been varied greatly to suit various
requirements, but, in general, it is made up of two
or more of the four elements: lampblack, finely ground
petroleum coke, graphite and some kind of tar or
petroleum pitch which serves as a binder.

The effect produced by each of these ingredients
is a different one; a suitable balance seems necessary
and varies with the use of the brush. A brush made
mostly of lampblack alone, with suitable binder,
would be dense and hard, but of poor conductivity,
and would cut copper badly. One made mostly
of graphite is usually too soft and on ungrooved com-
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mutators, wears away too rapidly. The mica between
the bars gradually protrudes and cuts the brush.
Its electrical resistance is very low. One made
mostly of coke is hard and of high resistance. It
usually cuts the copper badly. The petroleum coke
is used because of its uniformity and freedom from
mineral matter. It can readily be appreciated that
for some special purposes it may be well to incorporate
hard polishing material into a brush, as where much
mica has to be cut and where high conductivity and,
therefore, much graphite is desired. The accidental
grains of sand or such mineral impurities as often
occur in ordinary coke, on the other hand, are to
be carefully excluded.

It might seem that by using the above four forms
of carbon (for the pitch leaves a fourth form of carbon,
after the heat treatment), a satisfactory product
could be obtained, and it has become apparent that
the qualities may be varied over a wide range by
proper variation of material; but the requirements are
continually advancing, so that all sorts of experiments
in composition, such as adding sulphur, special oils,
etc., have been carried out. ] :

It may be stated as a general rule that except for
special conditions, the finer the state of subdivision -
of the brush ingredients, the hetter the quality of
the finished brush. We have found, after having
used ball mills, that the Raymond impact grinder
pulverizes coke and similar materials very perfectly.
We have found it desirable to grind not only the coke,
but also the mixture of all the ingredients, to insure
thorough mixing and a dense brush.

The finely divided materials, coke, lampblack and
graphite, are placed in a mechanical dough mixer
and a solution of the pitch in benzole is added and the
whole kneaded for several hours. The benzole is
then driven off by heat and the dried product, which
is quite hard, is reground to about 20o0-mesh; this
powder is compressed into brush form, in steel molds.

It was first thought that the best way to form the
brush was to squirt bars of the mixture by means of
an hydraulic press. These bars could then be cut
to desired length. So far as our work went along this
line, the product was not as satisfactory as when the
brushes were individually pressed. ~Experiments were
made in which various proportions of pitch binder
were used. The temperatures of ‘the press, mold
and brush material were carefully controlled; special
presses were built, etc., but irregularities often appeared
in the product. The tendency of the material to
flow unequally within itself during the passage through
the die seemed to be responsible for cleavage planes
and internal curved surfaces, which would often
not develop until the brush was completed by baking
and even then could be disclosed only by breaking
the brush. We do not mean to conclude that a satis-
factory brush cannot be made by squirting the hot
mixture through a die, as the reverse is probably
true, but for our purposes we finally adopted the
accurate weighing of the mixture for each individual
brush and the compression of this weighed material
to an exact size in a mold under such a high pressure
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that additional pressure produces no further change.
This pressure, for a standard railway motor brush,
is about 25,000 lbs. per square inch. Above this pres-
sure the quality is not appreciably affected; much
below it, inferior product results as shown by density,
resistance and strength. Marked effect is produced
by variation in the temperature at which the mixture
is pressed. For this reason care is taken to have the
pressing done at about 25° C.

The pressed brushes are then packed in cast iron
boxes, in lots of 10o—200, and covered with a liberal
layer of fine coke. A cast iron.cover which fits the
box well is then inserted and this, in turn, is covered
with coke dust. A pile of these boxes is shown in
Fig. 3. This box fits snugly into the electrically
heated muffle shown in Fig. 4.

Fi1c. 4.

Early in the investigation it became evident that
a large part of the irregularity of product, the shrinkage-
cracks, etc., were to be attributed to a too rapid rate
of rise of temperature during the early stages of heating
the pressed brush. The pitch, or binder, which on
its fractional distillation leaves the cementing carbon,
which in turn largely determines the hardness and
strength of the brush, is a mixture of organic compounds
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which liquefies .at moderate temperature (100° C.)
and rapidly evolves gases far below red heat. This
led us to test methods of electric heat, and the rate
of distillation of the volatile materials at gradually
rising temperature was determined. This work re-
sulted finally in the adoption of a very small type of
muffle, for commercial production, which had a capac-
ity for not over 200 brushes. It was heated by a
special resistance wire and the temperature con-
trolled by a thermo-element and resistance, so that
the rate of rise of the temperature on each lot of
brushes was about 5° C. per hour over a period of
about 100 hours. The distillation of the binder
under this treatment does not rupture or weaken the
brush.

When large volumes of brushes are heated or the
heating of small containers in a large furnace of usual
type is carried out, the brushes near the walls receive
a very different heat treatment from those near the
center of the furnace. This causes much irregularity
of product so that we still give all brushes the first
firing or baking in the small wire-wound and heat-
insulated muffles, of which No. 4 is an illustration.

FI1G. 'S.

Fig. 5 shows a double row of these muffles with
their control resistances. These latter enable the
operator to gradually raise the temperature in each
muffle. The rate of this rise is learned by means of
pyrometer couples inserted into the muffle. In this,
which is a preliminary heating only, the temperature
rises during 1oo hours to 500° C. In this process the
volatile products of distillation have been so slowly
eliminated from the brush that no striae, laminations,
splits or blisters are produced. The brush is now
bound together by a material largely carbon, but
still capable of further shrinkage, hardening and
decomposition by higher temperature.

After the preliminary heat at soo® C. the brushes
are unpacked and a series of tests show relatively
inferior qualities throughout, about as follows, for
one type of railway motor brushes:
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Hardness, - [ | Tensile strength, Resistance.

20 900 1bs. per sq. in. 0.043 ohm per inch cube

The material can still shrink greatly and improve
by a higher heat treatment. This is accomplished
in an ordinary porcelain kiln at about 1400° C., the
brushes being packed as before, though not in iron,
but in fire clay containers or saggers, the whole being
covered with coke dust and the cover carefully luted
on, The slightest carelessness in this protection
process causes a softening of the outer surface of the
brush, where a little combustion has removed the
binder-carbon. This binder-carbon is still combustible
in the presence of an excess of coke powder.

Owing to the severe requirements for railway motor
brushes, the work for a long time was devoted ex-
clusively to this field and there is probably still plenty
of improvement possible.

As the work has advanced, the refinements of re-
quirements have become more and more apparent,
and it is quite evident now that several different carbon
brush types are necessary to satisfy the requirements
for different types of machines. In case of this par-
ticular brush, however, it is worth attention that by
slight modifications in the process, such as fineness
of grinding, pressure on the hydraulic press, etc.,
the record of tests kept during the past 2 years shows
the following changes:

Hardness. Resistance, Tensile strength.
19095 v §2.3 0.00135 1800
1911500 Gas 58-60 0.00120 2700

Attempts were made to operate without change in
the components, as weighed out; all qualities have
improved through small refinements.

Development of the railway brush led to trying the
same product on other:types of electrical apparatus,
and it was at once evident that the general brush
requirements call for more than one kind of brush
and more than a single composition. Generator
brushes, while they do not meet the severe conditions
met by railway motor brushes and may therefore
be softer and of lower -physical tests, should have
high conductivity and should in use develop a polished
commutator without cutting or smutting the metal.
A fairly satisfactory type of generator brush may be
made almost entirely of ash-free graphite and binder-
carbon and will have approximately the following
values on test: Hardness, 35;resistance, 0.00078; tensile
strength, 2300; chip test, 6. It has been found that
a brush needs some lubrication qualities which are
difficult to express quantitatively. In the past it
has even been customary to treat some brushes with
oils, vaseline, etc., to give them this lubricating effect.
It has also been found possible to improve operation
of a commutator by using hard, strong, non-lubricating
brushes and to interpose in several of the brush-
holders a pure graphite brush, which serves to give
desired lubrication for the other brushes. This has
led to experiments on a combination brush, of which
a section is shown (Fig. 6). In thiscase, by a proper
selection of proportions of binder or pitch and the
mixture, it has become possible to gain the same
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F1G. 6.

shrinkage in the two widely different materials, a
hard brush body and a body largely composed of
graphite. A sort of laminated brush is thereby pro-
duced and if there were service demands for such
laminated brushes they could be produced.

RESEARCH LABORATORY, ‘,_ 4

GENERAL ELEcTRIC CO., Ao
SCHENECTADY. :

THE RELATION OF THE REFRACTIVE INDEX OF SODA
LIME GLASSES TO THEIR CHEMICAL
COMPOSITION.

By EpwIN WARD TILLOTSON, JR.

Through the researches® of Abbe, Schott, Winkel-
mann and others, it has been shown that many of the
physical constants of glasses may be roughly calcti-
lated, with the aid of empirical factors, from their
chemical composition. In all of those calculations
it was assumed that the constant of the glass was the
additive sum of the empirically determined constants
of the oxides present, and it was shown that these
empirical constants, since they must contain an ele-
ment characteristic of the manner in which the oxide
is combined in the glass, may be very different from
the constant of the corresponding pure oxide. No
data was presented for calculating the refractive
index, although, both from the scientific and indus-
trial standpoints, it is one of the most valua,ble of’
constants.

Many expressions for the relation of the refractxve
index to the density of a substance have been: de--
veloped, but only two have theoretical significance.

N~
The first of these, - d'} = K, was proposed? | by
Gladstone and Dale and t-h.e second, et X 2

2 Nevs 5 di o

was simultaneously and independently developed
by Lorenzs and Lorentz.¢+ In both of these expres-
sions K, the specific refractive power, is a constant.
which is supposedly independent of the temperature,
and which is defined by the chemical composition
and constitution of the substance. Many exceptions
to this rule occur, however, and the expression of
Gladstone and Dale fails completely when the vari-
1 “Jena Glass and its Scientific and Industrial Application,” Hovestadt.
2 Phil. Trans., 337, 1863.

3 Wied. Ann., 11, 70 (1880).
4 Ibed., 9, 641 (1880).
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ation of temperature is sufficient to produce a change
of state in the substance. Both expressions hold
fairly well, however, for- liquids and solutions. In
a solution or a homogeneous mixture of liquids,
which do not react to form a compound, the specific
refractive power is an additive function of the re-
spective refractivities of the compounds present and
may therefore be calculated as follows:

I< s PJK1_+ PJK2_+ pﬂK3+

I00 100 100

in which p,, p, ps etc., are the percentages in which
the several compounds are present, and K,, K, K,
. etc., are their respective specific refractivities.

Very few attempts have been made to apply this
relation to glasses or to pure silicates. Larsen* has
shown by some very accurate measurements on care-
fully prepared silicates that the specific refractive
power is additive within limits of error in case of
mixtures of calcium and magnesium metasilicates,
and of albite and anorthite. both in the vitreous and the
crystalline form. A marked difference, however, occurs
in the values of the specific, refractive power for the
vitreous and crystalline compounds of like composition.

This paper is an account of an investigation on the
refractive index and the specific refractive power of
some soda lime glasses for the purpose of obtaining
data, whereby these refractive indices might be cal-
culated from their composition with a fair degree of
accuracy. The glasses were prepared from pure
sodium carbonate, pure calcium carbonate and a
high grade of glass sand which analyzed 98.5% SiO,,
the remainder being chiefly aluminum oxide and
moisture. The ingredients were carefully weighed
out, well mixed and finally fused in clay crucibles
in an oxidizing atmosphere of a gas furnace. When
the glass was ‘‘plain’ it was poured out on cold iron
plates and, after annealing, was broken into small
fragments. The refractive index for white light was
measured with the aid of an Abbé refractometer using
selected fragments of the glass which presented a
smooth, flat surface of the original plate. With a
little care in selecting plane fragments of the glass,
the values of the refractive index for successive plates
usually agreed to within two or three units in the
third decimal place, and the average of a number of
readings was finally taken.

It is evident that, in the procedure as set forth,
there are several chances for error. The glass could
not be obtained free from striae in one or even two
fusions when clay crucibles were employed, owing to
the solvent action of the glass on the crucible; and the
melts were stirred very little, therefore, in order that
as few impurities as possible should be introduced.
It is improbable that the lack of homogeneity, as
shown by striae, introduced a very marked error,
since the refractive indices of succecssive preparations?
of the same glass, measured on carefully ground and
polished plates, agreed to within two units in the third
decimal place. That this is within the limit of error

1 Am. J. Sci., 28, 263 (1909).
2 Unpublished data.
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for glass prepared in clay crucibles is shown by the
fact that, even in the manufacture of optical glass,
which must possess homogeneity to the highest de-
gree, it is customary’ to find a difference in a large
plate amounting to several units in the fourth decimal
place and not uncommon to find a difference of one
unit in the third decimal place, and also by the fact
that manufacturers cannot vouch? for the refractive
index of a crown glass to within two units, or for a
flint glass to within six or eight units in the third
decimal place. The errors arising from preparation
and from optical measurements are therefore probably
small in comparison to those introduced into the
values of the specific refractivities by thé use of the
calculated densities. It has been shown in a pre-
vious paper3 that the densities of many glasses may
be calculated with a moderate degree of accuracy,
from the chemical composition. The average error
in these computed densities was about one per cent.,
but occasionally amounted to two per cent. An
error of one per cent. in the density produces an error
in the refractive index, when it is about 1.5, of five
units in the third decimal place, and about one unit
in the second place when it is 1.6. In the specific
refractivity (Lorenz and Lorentz), one per cent.
error in the density introduces an error of from o.0005—
o.ooro. It is also possible that an additional error
was introduced in the composition of the glasses.
No analyses of the glasses were made, but the com-
position was assumed to correspond to that of the
“batch.” This error is doubtless small in comparison
with other errors since Kultascheff+ has shown that,
although the loss on heating pure sodium metasilicate
may amount to 4%, as the percentage of calcium
silicate increases the loss rapidly decreases and be-
comes negligible; and Day and Allens apparently
did not observe any noticeable volatilization in the
synthesis of feldspar. :

The results which were obtained are given in Table
I. The first four columns of this table show the com-
position of the glasses, which correspond to mixtures
ranging from Na,0.3Si0, to Ca0.Si0,. In the fifth
column are given the densities as calculateds from
the composition; in the sixth, the observed refractive
index for white light; and in the seventh, the values
of K which were calculated from Gladstone and Dale’s
formula.

When these values for K are plotted in a system,
in which the ordinates represent the composition
and the abscissas the specific refractivities, as shown
in Fig. 1, it becomes evident that they form two
straight lines which intersect at a point corresponding
to a glass of the composition 2Na,0.3Ca0.9Si0,.
This break in the curve, therefore, indicates the ex-
istence of a compound at this point. It is especially
significant since both Kultascheff? and Wallace® have

1 Zscholke, Zeit. fiir Instrumentenk, 29, 286.

2 Hovestadt, loc. cif., p. 18.

3 Tillotson, THIS JOURNAL, 3, 897 (1911).

4 Z. anorg. chem., 36, 187 (1903).

5 *‘The Isomorphism and Thermal Properties of the Feldspars.”
¢ Hovestadt, loc. cit. Tillotson, loc, cit.

7 Z. anorg. Chem., 35, 187 (1903).

8 Ibid., 63, 1 (1909).
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CaSiOsg mol.  SiOa Ca0O. NazO. D
Per cent.  Per cent, Per cent. Per cent. calc.
00 74 .45 0.00 25.55 2.37 1
10 73.60 2.50 23.90 2.395 1
20 72.32 5.18 22.50 2.42 1
30 70.85 8.25 20.90 2.45 1
40 69.30 11.70 19.00 2.48 1
50 67 .40 15.60 17.00 2.52 1
50 67 .40 15.60 17.00 2.52 1
60 65.20 20.20 14,60 2.57 1
70 62.75 25.35 11.90 2.63 1
80 59.60 31.80 8.60 2.705 1
80 59.60 31.80 8.60 2,705 1
100 51.85 48.15 2.92 1

1 ~=Npa=—Larsen, loc ¢cit.

observed that in mixtures of sodium and calcium
metasilicates: a maximum melting point is reached
at the composition 2Na,0.3Ca0.55i10,. In column 8

L

L1

o 7 76 a3 P Cao bio,

Ho,0 3514 90 a0 1 J0 ° ¥ ’ 00
“e 5

Avuest by > 70D

(Table I) are given the specific refractivities, as indi-
cated by the two straight lines in Fig. 1; column o,
the refractive index computed from columns 5 and 8;
and column 1o, the difference between the calculated
and observed values of the refractive index.

In Table II are shown similar data for these same
glasses, calculated from the formula of Lorentz and
Lorenz, and in Fig. 2 the graphic relation of the spe-
cific refractivities to the composition. It will be
noticed that the same break is observed in the re-
fractive curve as shown by the full lines in Fig. 11

TanLe II.
CnSiOg
mol,
Per D N K’ K’ ‘N N
cent.  cale. obs, obs. cale. cale,  calc.-obs.
o0 2,37 1.500 0.1241 0.12422 1.5006 +0.0006
10 2,395 1.506 0.12406 0.12389 1.5054 —0.0006
20 - 2,42  1.5115 0.1239 0.12349 1.5110 —0.0005
30 2.4 1.5172 0.12351 0.12361 1.5176 +-0.0004
40 248 1.524 0.12338 0.12346 1.5244 +0.0004
S04-2.32 1.5334 0.12329 0.12323 11,5333 —0.0001
S0 2082 1.530 0.12260 0,12323° 1.5333 +0.0033
60 2.§7 1.5432 0.12272 0.12300 1.5450 +0.0018
70 2.63 1.559 0.12277 0.12270 1.5586 —0.0004
S0 2.705 1.580 0.12305 0.12236 1.5761 —0.0039
S0 2.705 1.579 0.12298 0.12236 1.5761 —0.0035
100 2.92 1.628' 0.12155 0.12150 1.6276 -—0.0004
2,437 1.5096 0.12300 0.12291 1.5093 —0.0003

This break is, however, less marked than in the case
shown i Fig. 1, and all of the specific refractivities
may, for convenience, be considered to lie upon a
single straight line indicated by the dotted line in the
fisure. This behavior of the N2 formula, that of
minimizing the effects of compounds on the specific
refractivity, makes it possible to calculate the specific
refractivities directly from the percentage composi-

! Npa Larsen, Joc e,

2 S0 77,79 : Can, 8.5%: Naz0D, 13.8%.
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TanLe 1.

N K K N N
obs. obs. calc. calc. calc.-obs.
.5000 0.2110 0.2110 1.5000 0.0000
.5060 0.21127 0.2111 1.5055 —0.0005
5115 0.21137 0.21118 1.5111 —0.0004
.5172 0.21110 0.21125 1.5175 -+0.0003
.5240 0.21129 0.21135 1.52410 +0.0001
.5334 0.21166 0.2115 1.5330 —0.0004
.5300 0.21032 0.2115 1.5330 +0.0030
.5432 0.21137 0.2116 1.5438 +0.0006
©5590 0.21254 0.2127 1.5594 +0.0004
. 5800 0.21442 0.2142 1.5794 —0.0006
.5796 0.21436 0.2142 1.5794 ~—0.0002
.6281 0.21517 0.2178 1.6307 +0.0027

tion of the glass. Since the specific refractivity is,

within the limits of error, linear, it may be computed

by means of the following equation:

= PK, L P:Kz <k P:Ks'
100 100 100

K etc.

in which P,, P,, P;, etc., are the percentages of the
oxides, and K,, K,, K, etc., are the empirically de-
termined specific refractivities of the oxides. For

soda lime glasses these are as follows:

0.1220
0.1210
0.1302

Columns 5 and 6 of Table II show the specific re-
fractivities and refractive indices as calculated by
the aid of these factors and column 7 the difference
between the calculated and observed values of the
refractive index. Not only are the computed values
for the glasses given above sufficiently accurate for
many kinds of work, but the last glass in Table II
shows that the refractive index of glasses richer in
silica, may also be calculated with equal accuracy.

Although, in employing this method for estimating
the refractive index, no consideration is taken of the
compounds which may be formed, yet it is theoretic-
ally correct up to the point where the compound is
found, and is applicable to the majority of soda lime
glasses; for these rarely contain as large a proportion

8
i—nu
3 L""'ﬁ‘ﬁ ~-bL..
Kase 3 2
3 5 T
e o g RerH R
o = 7 36 36 5 s £ 5 % Caanio,
oo % a2 T so » 30 20 o )

Pceetoy e 4
of lime as the ratio 2Na,0.3Ca0.xSI0, calls for, and
they therefore lie to the left (Figs. 1 and 11) of the
break in the specific refractivity curve, and in the
region for which the factors, given above, furnish
the most satisfactory agreement. It must be remem-
bered, however, that the factors employed represent
not the true specific refractivity of the pure oxide,
but the true refractivity modified by the nature of
the silicate which is formed and also by the inexact
values of the density which is employed in the cal-
culations. This is well illustrated in Table III, in
which are shown therefractive indices of several oxides,
together with the density observed, the density em-'
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ployed in the computations and the specific refrac-
tivities calculated from them, together with the fac-
tors given above.

TABLE III.
D D X X K3,
N. obs. calc, obs. cale.?

" Quartz...... 1.54721 2.6521 0.11961! 0.1380

SiOgiTrydymitc.. 1.4830! 2.3131} 2.3 4 0.12319' 0.1240 {0.1220
Fused Quartz 1.4590! 2.2131 0.123541 0.1188 ]

1.8320' 3.316' 4.1  0.13266! 0.1073 0.1210

SUMMARY.

1. A series of soda lime glasses have been made
and their refractive indices measured.

2. The existence of a double silicate of the type
2Na,0.3Ca0.245i0,, which is doubtless the double
metasilicate, described by Kultascheff and Wallace,
has been made evident.

3. The specific refractivities of these glasses, com-
puted with the aid of the calculated densities, are
additive from pure sodium silicate up to the composi-
tion in which the molecular proportion of soda to lime
istoieiial :

4. Factors have been derived by means of which
the specific refractivity of soda lime glasses may be
calculated. These are for the formula of Lorentz
and Lorenz: Si0,, 1220; Ca0O, 1210; Na,O, o.1302.

UNIVERSITY OF KANSAS,
LAWRENCE, KANSAS.

A NEW METHOD FOR THE DETERMINATION OF
VANADIUM.
By D. J. DEMOREST.
Received September 25, 1911.

The following method for the determination of vana-
dium in steel depends upon the selective oxidation of
ferrous sulfate in the presence of vanadyl sulfate by
means of manganese dioxide. The vanadyl sulfate
is then titrated by adding an excess of permanganate,
the excess permanganate being titrated by sodium
arsenite.

This differential oxidizing action apparently con-
tradicts the results of J. R. Cain,* who found that
both iron and vanadium are oxidized, but the rea-
sons for this discrepancy are shown in the note which
follows on page 256.

The manganese dioxide should be sufficiently fine
to pass through a 200-mesh sieve, and yet should set-
tle in a beaker of water in 30 seconds.

The process in detail is as follows: In a 500 cec.
flask a two-gram sample of the steel or iron is dis-
solved in a mixture of 30 cc. of water and 12 cc. con-
centrated H,SO, with application of heat. Then one
cc. of HNO, (sp. gr. 1.42) is added cautiously to
oxidize the iron and the solution is boiled for a few
minutes to remove the nitrous fumes. Then the
solution is diluted with 30 cc. of water and a strong
solution of KMnO, is added to completely oxidize
all carbon, etc., and the solution is boiled. If the per-

1 Larsen, loc. cil.

2 Using Lorentz and Lorenz formula and “D cale.”
3 Factors used in computing specific refractivities.
4 THiS JOURNAL, 3, 476 (1911).
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manganate or the resulting MnO, should disappear,
not enough permanganate has been used, and more
should be added. Now ferrous sulfate is added to
reduce the MnO,, HMnO,, H,CrO,, and H,VO,, etc.,
and the solution is again boiled to remove any possi-
ble nitrous fumes. Then pure distilled water is added
to make the volume about 250 cc., N/ro KMnO,
added until the solution is pink, and the solution
cooled to tap water temperature. Ferrous sulfate
solution is added until all reducible compounds in-
cluding chromic and vanadic acids are reduced. Only
enough ferrous sulfate should be added to be certain
that there is a decided excess present. A solution,
one cc. of which equals about o.or gram of iron,
is the one used. Now about one gram of C. P. MnO,
is added and the solution shaken vigorously. After
two minutes a drop is tested with ferricyanide on a
white plate to see if the iron is completely oxidized.
It generally takes from four to six minutes. At the
end of each minute the solution is tested for ferrous
iron until none is present and the shaking is continued
for about one-half minute longer. It should be noted
that a bluish color will always be obtained in the pres-
ence of vanadyl sulfate after the test drop has stood
for a few seconds. The end should be tal;:en when
the test does not show blue immediately. The blue
color which forms after a few seconds, even when
there is no ferrous iron present, is due to the reduc-
tion of ferri- to ferrocyanide by the vanadyl sulfate.
One can become familiar with this end by adding a
drop of ferric sulfate containing vanadyl sulfate to a
drop of ferricyanide on a white plate.

The MnO, oxidizes the ferrous sulfate to ferric
sulfate, but does not oxidize the vanadyl sulfate
[V,0,(S0,);]. Then the MnO, is filtered off on an
asbestos mat, using suction. From a burette a stand-
ard solution of KMnO, is added until a pink tinge
is present in the solution, and one cc. more is added.
and after one minute the excess permanganate is
titrated with Na,AsO, solution. The end point is very
sharp. If at this point the operator is not satisfied
with this titration, the excess arsenite may be oxid-
ized with KMnO,, ferrous sulfate again added, then
oxidized with MnO, as before, and the titration re-
peated, thus giving a check on the titration. A blank
determination must be run on a vanadium-free steel,
and the result deducted. The blank generally amounts
to about 0.00075 gram V. The time required is about
one-half hour and the results are very satisfactory.
In fact the accuracy is about that of a phosphorus
determination. ‘

The vanadium steel standard furnished by the
Bureau of Standards was analyzed by the above method.
The result of the Bureau chemists is 0.0143 per cent.
V and the average of the codperating chemists is
o.15 per cent. V. The writer obtains the following
results, the average beingo. 143 per cent.:

0.140 0.138
0.147 0.147
0.143 0.143

To further test the method, two-gram samples of
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vanadium-free steel with the addition of ferro-vana-
dium containing o0.00684 gram of vanadium were
analyzed. The results were o0.00680 and o.00690
gram V.’ Another sample with o0.0342 gram V was
analyzed, and o0.03432 gram V was found.

To test the effect of chromium on the method,
the Bureau of Standards’ sample above mentioned
was analyzed with the addition of o.100 gram Cr.
The results were o.143 per cent. and o.143 per cent.
V, showing that chromium has no effect on the vana-
dium results. Scores of other determinations have
been made, proving the accuracy of the method.

The KMnO, solution used equals o.ocor gram iron
per cc., and the arsenite solution has the same strength.
‘This makes the KMnO, equal o.oocogr7 gram vana-
‘diun per cc. The arsenite solution}is made by dis-
solving about 2.25 grams As,0O; in Na,CO, solution
and diluting to 2,000 cc.
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A RAPID METHOD FOR THF DETERMINATION OF VANA-
DIUM IN STEELS, ORES, ETC., BASED ON ITS QUANTI-
TATIVE INCLUSION BY THE PHOSPHO-

‘ MOLYBDATE PRECIPITATE.
By J. R. Camx axp J. C. HOSTETTER.
Received December 27, 1911,
I. INTRODUCTION.

The fact that vanadium is carried down with am-
monium phosphomolybdate when the latter is pre-
cipitated in solutions of the former has long been
known. Likewise, the fact that the precipitate so
obtained has different properties from the normal
phosphomolybdate has been mentioned by several
authors. The orange to brick-red color of this vana-
dium-bearing § precipitate is quite different from the
color of the normal ammonium phosphomolybdate,
called from its color the “‘vellow precipitate.’”” Brearley
and Ibbotson® mention the increased solubility
in dilute nitric acid of the vanadium-bearing pre-
cipitate over the normal precipitate, and give some
conditions to lessen precipitation of vanadium with
phosphorus in steel analysis. The phenomenon has
usually been studied with regard to the determination
of phosphorus in the presence of vanadium, since the
precipitation of vanadium with ammonium phos-
phomolybdate mterferes with an exact determination
of phosphorus by the ordinary methods. Especially
is this true in steel analysis. The possibility of easily
separating vanadium from iron by thic method has,
we believe, never been studied before. The present
research was undertaken in order to decide whether
or not vanadium could be completely precipitated
with phosphoric acid, and, if so, to learn if it could
be determined quantitatively.

2. PRELIMINARY CONDITIONS FOR PRECIPITATING THE

VANADIUM.

The necessary ratio of phosphoric acid to vanadic
acid for complete precipitation of the latter was in-
1 *The Analysis of Steel Works Materials,” 1902, p. 165.
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vestigated qualitatively by following the change
in color of the phosphomolybdate precipitated with
increasing additions of phosphoric acid. A nitric
acid solution of a vanadium-free steel was prepared;
to this was added a known amount of vanadium from
a carefully standardized ammonium vanadate solu-
tion. To equal volumes of the steel solution so pre-
pared were added gradually increasing volumes of
a roughly standardized sodium phosphate solution,
and the phosphoric acid was precipitated by the molyb-

‘date reagent, observing the conditions for this pre-

cipitation usually given in texts on steel analysis.
With small amounts of phosphoric acid the precipitate
was of a deep orange color, which became progressively
lighter as the phosphorus increased, finally approach-
ing the color of the normal or vanadium-free phos-
phomolybdate when relatively very large amounts
of phosphoric acid were added. The filtrates were
treated by precipitating a further small amount
of phosphoric acid, and judging by the color of the
precipitate whether or not precipitation was complete
the first time. The color of the precipitate proved
to be a very delicate qualitative criterion, and very
soon it was possible in this manner to fix with fair
accuracy the ratio of phosphoric acid to vanadic
acid in order to. carry down all the vanadium with
one precipitation. As methods for the quantitative
determination of the vanadium were developed this
ratio was determined with greater accuracy. The
mechanism of the precipitation and the question
of this ratio are subjects that will be described in more
detail in another paper. It is sufficient for the present
purpose to say there is a co-precipitation of vanadium
under the above general conditions, which can be
controlled accurately enough to make the precipitation
uniformly quantitative. The conditions will be de-
tailed later.

Other questions affecting the probable accuracy
of the determination were (1) the solubility of the
vanadium-bearing precipitate in the usual washing
solutions, and (2) the optimum temperature for
precipitation. As to the solubility of the precipitate,
it was soon found that the presence of vanadium
caused marked changes in the solubility of ammonium
phosphomolybdate. It was noticed that when the
precipitate dissolved to any extent in the washing
solutions these were strongly colored, usually having
a straw or orange tint. It was thus possible to de-
cide this question qualitatively, and Table I gives
some of the results obtained. It will be seen that
acid ammonium sulfate and ammonium nitrate solu-
tions are best adapted for washing the yellow pre-
cipitate. Incidentally, the marked solubility in di-
lute solutions of potassium nitrate and of nitric acid
is of interest, for these are the wash solutions recom-
mended by some authorities for use when determining
phosphorus in steel. It is evident that such use may
occasion errors in' the phosphorus determination if
vanadium is present in appreciable amount. It
seems probable that the solubilities vary considerably
with the proportion of vanadium present in the pre-
cipitates.



April, 1912

TABLE I.—ORDER OF SOLUBILITY OF VANADIUM-BEARING PRECIPITATE! IN
VARIOUS SOLVENTS AT ROOM TEMPERATURE.

Solvent. Concentration. Color of solution.

Ammonium acid sulfate®....... Colorless

o nitratel T Saturated solution 5

2 e R B ST 10 per cent. &

o sulfatefs s ot 50 & Faint yellow
Nitriciacid sl e S0 )

S SR e TR 25 &
Ammonium sulfate............ 30 285

& nitratelTion sut it 1 % Color increases regu-

o chloride: i vin i 1 o L larly down the

5 sulfate BT o 10 2 series, showing in-
Sulfuric/acidii st st 50 4 creasing solubility
A o S S S R SR D RO 0
Ammonium molybdate (neut.) . 1 o
Potassium nitrate............. 1 ! g

P sulfated Sl TSRS 1 et ]
Nitriciacidd iy s, 1 £ { Deep yellow (com-
Sodium sulfate3............... 1 plete solution).
Ammonium molybdate (neut.)®. 10

The optimum temperature for precipitation in this
connection is governed largely by considerations affect-
ing the physical properties of the precipitate and the
speed of precipitation. Accordingly, our precipita-
tions are made from solutions brought to boiling before
addition of the precipitant,” thus securing a rapidly
settling precipitate readily filtered by suction. Cer-
tain theoretical reasons, to be considered at another
time, likewise demand a precipitation at this high
temperature. Brearley and Ibbotson4 also have shown
that more vanadium is precipitated at high than at
low temperatures. ; :

After having assured ourselves qualitatively that
vanadium is completely precipitated by the phos-
phomolybdate precipitate obtained wunder proper
conditions, a study was made of methods for determin-
ing the vanadium thus precipitated.

3. SEPARATING THE VANADIC ACID FROM THE MOLYBDIC
ACID.

In view of the easy volatility of molybdic acid,
it was at first thought practicable to heat the pre-
cipitate over a blast lamp until all the molybdenum
had been driven off. It was found that nearly all
the molybdenum could be volatilized, but there are
too many difficulties encountered to make the method
reliable. There is much danger of mechanical loss
where the relative amount of vanadium is small;
moreover, at the temperature required for rapid
volatilization, the vanadium pentoxide . remaining
behind fuses and creeps over the side of the boat
or crucible used as a container, a fact previously
noted by Gibbs.s Further, there is usually a slight
reduction of molybdenum to a lower oxide which
does not volatilize readily. However, this method
of handling the precipitate has some merits, par-
ticularly if one wants visual confirmation of the pres-
ence of vanadium in a sample of material. The char-
acteristic . appearance of fused vanadium pentoxide
is easily distinguished in the residue after ignition,
even though some of the lower (blue) oxide of molyb-
denum is present. Of course, this precipitate can be

1 Containing approximately 0.4 per cent. vanadium.

2 See p. 250. :

2 0.5 gram of precipitate dissolves in less than 20 cc. of the solvent.
4 Loc. ctt., p. 165.

5 Am. Chem. J., B, 371 (1883-1884).
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taken up by fusion with sodium carbonate and pre-
cipitated by mercurous nitrate or in any other manner
desired. Usually it is accompanied by some iron
oxide. We consider that the method is sub-
ject to too many irregularities and is too difficult of
manipulation for technical work. Moreover, it is
much slower than other procedures to be described
later. We found that Truchot’ had also proposed
and made use of the volatility of molybdic acid to
separate it from small amounts of vanadium co-
precipitated with molybdenum, when electrolyzing
ammoniacal solutions of molybdates and vanadates.

A very much simpler and shorter method has been
devised by us for separating the vanadium in pure
form from the phosphomolybdate precipitate. The
latter is suspended in a small amount of hot water,
and dilute ammonia added drop by drop, with vigorous
shaking, until everything is in solution. The solution
is heated until all but a trace of ammonia is expelled.
The success of the operation depends on the presence
of a very small amount of free ammonia at this stage.
If too much ammonia is present, the precipitate
subsequently obtained on adding mercurous solution
carries down some molybdenum. On the other hand,
enough ammonia must be present to form a sufficient
volume of amido precipitate to bring down the va-
nadium. One or two trials will enable the operator
to decide as to the proper excess. When the right
amount of ammonia is present, the solution is filtered,
if necessary, and enough mercurous nitrate solution
is added to it to give an appreciable acid reaction
with litmus paper.? Usually a voluminous black
precipitate separates on shaking; if it does not form
and settle rapidly, the solution is heated until it does.
The precipitate is washed by decantation two or three
times with water containing 1 per cent. mercurous
nitrate, and is finally transferred to the filter and washed
there two or three times more. Filter and contents
are transferred to a porcelain crucible, the filter
paper burned off, and the mercury volatilized. The
vanadium remains partly as vanadic pentoxide,
partly as lower oxides and is accompanied by rel-
atively very little molybdenum. The latter may be
precipitated, if desired, by hydrogen sulfide (after
the vanadium has been dissolved out of the crucible
with concentrated sulfuric acid and the solution
diluted) leaving a pure vanadium solution. If the
vanadium pentoxide is dissolved out of the crucible
with concentrated sulfuric acid, the intense brown
or orange color, characterizing such solutions of
vanadium pentoxide is very characteristic; if blue
or green tints (due to lower oxides of molybdenum
and vanadium) are present, these disappear on the
addition of a trace of nitric acid, and evaporation
until dense strong fumes appear.

We have not used this method for obtaining quanti-
tative separations of vanadium, although it would
probably be successful if the filtrates were treated
a second or third time, and the precipitates com-
bined. However, by far the greater portion of the
vanadium is obtained at first.

1 Ann. chim. anal., T, 165-7 (1902).
2 Caused by the hydrolysis of the mercurous nitrate solution.
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The principal use we have made of these methods,
as stated above, has been for the purpose of actually
isolating the vanadium where there could be the
slightest doubt as to its being present at all. In this
manner, we believe, the value of the method, from
a purely scientific standpoint, is increased. For
technical or practical purposes it is never necessary
to separate the vanadium from the molybdic and
phosphoric acids in order to determine it accurately.

THE VANADIC
DIOXIDE.

4. REDUCTION OF ACID BY SULFUR

Edgar's method: of reduction by sulfur dioxide
was next tried, with the idea of reducing the vanadium
to the tetravalent stage without affecting the molyb-
denum; the tetravalent vanadium could then be
titrated against permanganate, as usual. Edgar
found that by properly adjusting the acidity (sul-
furic acid) of his solution and its molybdenum con-
centration, the differential reduction could be made
with ease. Our results are confirmatory, but un-
fortunately the method is limited in its application
to the present problem because of the effect of the
presence of iron occluded by the large amount of
ammonium phosphomolybdate sometimes required.
This iron is sometimes present in relatively large
quantities and of course is wholly or in part reduced
by the sulfur dioxide. It is difficult, too, to com-
pletely eliminate this impurity from the precipitate
without unduly prolonging the process. Solution
of the precipitate, followed by reprecipitation, helps
If the precipitate is dissolved in ammonia,
‘a clear solution is obtained, even if considerable iron
is present; the latter reveals its presence by imparting
a dark color to the otherwise colorless solution. If,
however, the precipitate is dissolved in sodium hy-
droxide, a large proportion of the iron separates and
the precipitation can be made nearly complete by
boiling the solution until all the ammonia of con-
stitution of the yellow precipitate is expelled.

We made a number of fairly accurate determina-
tions of vanadium in the presence of iron and chromium
by precipitating the vanadium with phosphomolyb-
date, dissolving the precipitate in ammonia, acidifying
.with sulfuric acid to a 15 per cent. acidity, followed
by sulfur dioxide reduction and permanganate titra-
tion. In most of the determinations it was necessary
to get rid of the iron contaminating the phosphomolyb-
date by dissolving the latter in sodium hydroxide
solution and filtering off the ferric hydroxide, as above.
It was found that chromium in the trivalent condi-
tion did not affect the determination of vanadium
at all.

A series of determinations by this method now
gave the necessary data for accurately fixing the
ratio of phosphorus to vanadium to secure complete
precipitation. It was established that ten times as
much phosphorus as there is vanadium to be determined
would insure complete precipitation of all the vanadium
and allow a sufficient margin of safety for variation
from suspected composition. We have used this

1 Am. J. Sci., [4] 25, 332 (1908). See also Gibbs: Loc. cif.
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ratio in all subsequent determinations. Of course,
where the vanadium content of a sample is not known
within sufficiently close limits, it is necessary to make
two or more phosphomolybdate precipitations, testing
each for vanadium. However, this is about what
one has to do with any method when working on
unknown materials.

The method of reducing the vanadium by sulfur
dioxide and titrating against permanganate having
proved, in our opinion, too long and uncertain for
technical use, other methods were tried.

5. COLORIMETRIC DETERMINATION OF THE VANADIC
ACID.

Gregory's colorimetric method,* depending on the
colors developed in strong sulfuric acid solutions
of vanadium and strychnine, seemed promising,
inasmuch as the phosphomolybdate is so soluble
in concentrated sulfuric acid. We found by pre-
liminary tests that the associated molybdenum has
no appreciable effect on the strychnine, so far as
color development is concerned. However, iron does,
and this is to be expected from Allen’s statement
of the cause of the color:? “On treating a cold solu-
tion of strychnine in concentrated sulfuric acid with
an oxidizing agent of almost any kind a rich purple-
blue coloration is developed. This changes more
or less rapidly through purple and:crimson to a bright
cherry-red tint, which is somewhat persistent.”
From this it was evident that ferric iron must be
absent and probable that the vanadium must be in the
pentavalent state. We confirmed the latter by trials
of concentrated sulfuric acid solutions of V,0,, which
gave no color with strychnine. This is an important
point, for we found that strong sulfuric acid solutions
of vanadium pentoxide are very prone to go over to
the quadrivalent state, when of course they develop
no color with strychnine.- With sulfuric acid solutions -
of the phosphomolybdate precipitate containing vana-
dium it is easy to follow this change by the change
of color in the solution. Initially there is a straw
or orange color,3 apparently due to the presence of
acid vanadates or polyacids,# which is probably
closely proportional to the amount of wvanadium
present, but after a few minutes’ evaporation to
strong sulfur trioxide fumes, and with low vanadium
content, the solution becomes either colorless or a
pale blue. We observed the same phenomenon with
concentrated sulfuric acid solutions of vanadium
pentoxide. At first the reduction was thought to
be due to organic matter present in the sulfuric acid,
but further experiments with larger amounts of vana-
dium showed too much reduction to be accounted
for in this way. For instance, in one experiment 8
mg. of vanadium as pentoxide dissolved in 15-—20 cc.
of sulfuric acid were fumed in a carefully covered
flask for four or five hours, at the end of which time

1 Chem. News, 100, 221,

2 “Commercial Organic Analysis,” Vol. 111, 2nd Ed., Pt. II, p. 368.

3 Some work has been done here toward making this color the basis
of a colorimetric method for vanadium.

4 Gmelin-Kraut, ‘‘Handb. d. Anorg. Ch.,” 7th Auf.,, Vol. III, Pt. 2,
p. 89.
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reduction was practically complete. We found that
Prandtl* had already investigated this matter and
concluded that under these conditions there is a dis-
sociation of the vanadium pentoxide in analogy to
the behavior of chromic anhydride dissolved in con-
centrated sulfuric acid. This behavior was the op-
posite of what we had expected, after having read
the work of Koppel and Behrendt,? who found the
reverse = action  taking place. Possibly there is an
equilibrium between the two sets of reactions. This
complication is very troublesome when attempting
to prepare the sulfuric acid solution of the vanadium-
bearing phosphomolybdate for colorimetric estimation
by strychnine. As stated above, with small amounts
of vanadium (for which we had expected the color-
imetric method to be very useful), the reduction or
dissociation takes place completely in a few minutes
after the precipitate is dissolved in sulfuric acid.
Such a solution treated at once with strychnine
either gives no color, or a much less intense color
than corresponds to the actual amount of vanadium
present. On the other hand, if the attempt is made
to reoxidize the vanadium to the pentavalent stage,
this must be accomplished under difficult conditions,
for no excess of the oxidizer must be left in the solu-
tion (inasmuch as this would give a color with the
strychnine), nor must the solution be heated unduly
long in attempting, for instance, to destroy or drive
off the excess of oxidizer, for as soon as the excess
disappears the vanadium goes quickly to the quadri-
valent stage. Thus, while it was easy to oxidize
the vanadium with a minute quantity of nitric acid,
we could never be sure that the excess had been
driven off and at the same time no vanadium had been
reduced. We attempted to find an oxidizing agent
that would oxidize the vanadium without affecting
the strychnine and found that bismuthate would
do so under very special sets of conditions, but there
were complications attending its use, such as clouding
of solutions in the colorimeter, occasional unexplained
development of color in blanks, etc., that led us to
abandon its use altogether. Besides the uncertainties
and complications occasioned by solution in concen-
trated sulfuric acid already mentioned, which neces-
sitate oxidation with reagents liable to cause high
results if used (or low ones if not used), and those
arising from the presence of iron with the phospho-
molybdate, necessitating reprecipitation, there is
also the possible accidental introduction of organic
matter at various stages where reduction of vanadium
might occur, and the troublesome manipulation of
concentrated sulfuric acid in the colorimeter. The
colorimetric method of determining vanadium in the
precipitate at first appealed to us because of its ap-
parent simplicity and wide range of application,
but the results of an extended series of determinations
lead us, for the present, at least, to abandon these
views.

6. REDUCTION OF THE VANADIUM BY HYDROGEN PEROXIDE

(a) General.—In attempting to find a suitable

1 Gmelin-Kraut, **Handb. d. anorg, Ch.,” 7th Auf., Vol. III, Pt. 2, p. 87.
2 Zischr. anorg. Chem., 35, 156 (1903).
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oxidizer for preparing the vanadium solutions for
colorimetric determination, we tried hydrogen per-
oxide, and were thus led to the discovery of the re-
action which is made the basis of the method we have
finally adopted for determining vanadium in the
phosphomolybdate precipitates. Much to our sur-
prise, the peroxide, used in concentrated sulfuric
acid solutions, acted as a reducing instead of an oxidiz-
ing agent, so that by its use we were able to easily
reduce the vanadium quantitatively to the tetra-
valent stage. Moreover, we found by careful tests
that the associated iron and molybdenum were never
affected. We found that solid peroxides could also
be used, but hydrogen peroxide is to be preferred,
in general. The details of the reaction will
be given fully in another paper and stated here
only in so far as they apply to the method of analysis.
To carry out the reduction, all that is necessary is
to dissolve the phosphomolybdate-vanadium pre-
cipitate in‘concentrated sulfuric acid (filtration having
been made on asbestos), add a few drops of nitric acid,
fume strongly for two or three minutes, remove from
the hot plate, allow to cool, and add hydrogen peroxide
in very small quantities, with vigorous shaking after
each addition, until the solution takes on a deep brown
color (due to action on the molybdate); this always
disappears on heating, and is followed by the clear
green or blue color (depending on the ratio of V to
Mo) of vanadyl vanadium. The flask is replaced
on the hot plate and the solution fumed for a few min-
utes, after which it is cooled, diluted and titrated
against permanganate. The whole operation is
extremely simple, the end-point very good, and as
our data show, the results are very accurate.

(b) The Method.—For steels containing vanadium,
chromium, nickel, titanium, manganese, molybdenum,
singly or in combination, dissolve an amount of drill-
ings estimated to contain 2 to 10 mg. of vanadium
in nitric acid (sp. gr. 1.135), boil till free from fumes,
oxidize with permanganate solution, dissolve the
manganese peroxide in sodium sulfite solution, and
boil till free from fumes. In other words, prepare
the solution exactly as for a phosphorus determina-
tion, examining any insoluble for vanadium. Nearly
neutralize with ammonium hydroxide (o.96) and
add an amount of sodium phosphate solution con-
taining at least ten times as much phosphorus
as there is vanadium present. Bring the solution
to boiling, remove from the plate and add at once the
usual necessary excess of the molybdate reagent to pre-

cipitate the amount of phosphoric acid added. Agi-

tate for a minute or so, when it will be found that the
precipitate settles rapidly. Filter the supernatant
liquid by suction through an asbestos filter, and wash
three times by decantation with hot acid ammonium
sulfate solution, pouring the washing liquid through
the filter. The last wash solution should be decanted
off as completely as possible from the precipitate
in the flask and the filter should be sucked dry. The
rubber stopper carrying the filter is now fitted to a
small, dry bottle, and hot, concentrated sulfuric acid
is poured on the filter to dissolve the small amount
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of ' precipitate thereon. This dissolves quickly and
the solution is drawn through by suction into
the bottle. The contents of the bottle are trans-
_ ferred to the flask in which precipitation was made,
and the bottle is washed once with concentrated
sulfuric acid, the washings being added to the flask.
For every 10 mg. of phosphorus present a final
volume of 5 to 8 cc. of concentrated sulfuric acid is
necessary. The contents of the flask are heated until
solution takes place, a few drops of nitric acid (z:25)
added and, when fumes are coming off strongly,
the flask is removed from the plate and the vanadium
" reduced by successive small additions of hydrogen
peroxide as above described. Replace on the hot
plate, fume for four or five minutes, cover the flask,
cool, dilute so as to secure an acidity of one part to
five by volume, and titrate at a temperature of 70°
to 80° C. against o.or N permanganate. The con-
dition as to acidity and temperature must be closely
observed in order to secure a satisfactory end-point.

For steels of the above classes containing tungsten,
the only change necessary is to dissolve in aqua
regia, dilute with hot water, filter off the tungstic
acid, nearly neutralize with ammonium hydroxide,
and add 1o grams solid ammonium nitrate for every
100 cc. of the final volume* before precipitating as
above described. If desired, the tungstic acid on
the filter may be dissolved in a small amount of
sodium hydroxide solution (free from vanadium),
acidified with nitric acid and tested for vanadium
by hydrogen peroxide. We have not found vanadium
here, and accordingly make no provision for its de-
termination.

(¢) Solutions Necessary.—Nitric acid of sp. gr.
1.135. Useizo—23 ce. for each gram of drillings to
be dissolved.

Potassium permanganate for oxidations: 15 grams
per liter,

Sodium sulfite: 50 grams per liter.
of sulfurous acid may be substituted.

Sodium phosphate:
liter. One cc. contains approximately 10 mg. of
phosphorus and will precipitate 1 mg. of vanadium.
The solution may be standardized by evaporating
a definite volume to dryness, igniting the residue and
weighing the Na,P,0, so formed.?

Molybdate reagent: Make up according to the
usual formula; 1 cc. will contain o.05 to 0.06 gram
MoO,. For every mg. of phosphorus to be precipi-
tated use at least 2 cc. of molybdate reagent. This
ratio is used, however, only when precipitating large
amounts of phosphorus. When precipitating small
quantities of phosphorus so cc. of molybdate solu-
tion is the minimum volume used.

Acid ammonium sulfate: To 1000 cc. of water add
15 cc. ammonium hydroxide (o.go) and 23 cc. of sul-
furic acid (x.84).3 Use at a temperature of 80° C.

Potassium permanganate, o.or N: Standardize
against sodium oxalate, or, empirically, against

1 Bureau of Chemistry, Bull. 107 (Revised), p. 3.

2 Baxter, Am. Chem. J., 28, p. 301 (1902).

3 Blair, *'The Chemical Analysis of Iron,” 7th Ed., p. 97.
1 Bur. Stand., Circular 26, 2nd Ed., p. 10. :

A solution
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a steel in which the vanadium has been accurately
determined by other methods.

Peroxide: Hydrogen peroxide, 3 per cent.
have made our reagent with ‘‘Perhydrol.”’
oxygen' also proved satisfactory.

Table II shows a few of the very large number
(in all nearly 400) of determinations made by us to
be sure that the method is reliable. Nos. 16 and iy
of Table IT are of interest as showing the delicacy of
the method. As a matter of fact the vanadium can
just as easily be concentrated from 30 or even 100
grams of steel or iron, so that excessively small per-

We
l(Di-

TABLE II.—RESULTS OBTAINED BY THE PEROXIDE REDUCTION METHOD.!

Amount Cr v
of pres- P pres- v V203
sample. ent. added. ent. found. found.
No. Grams. Mg, Mg. Mg. Mg. Per cent.
1 1 45 12 1.11 1.17
2 1 180 20 1.92 1.91
3 1 135 35 3.19 3.26
4 1 90 45 4.52 4.60
5 1 45 60 6.38 6.49
6 1 225 © 100 10.64 10.73
7 1 50 10 1.02 1.16
8 1l 100 25 2.54 2.58
9 1 150 40 4.06 4.15
10 1 200 50 5.08 5.07
118 1 250 60 6.08 6.18
12 1 S50 80 8.13 8.40
13 1 100 90 9.12 9.42
14 1 150 100 10.15 10.22
152 5 19 0.995
16 20 20 1.00 15028
17 20 19 1.11 1.24
18 1 25 2.66 2515
19 2 19 1.07 0.078
20 10 39 3.41 0.05
21 10 19 0.66 0.01
22 10 19 0.81 0.012

centages can be detected and determined with ease.
Nos. 19, 20, 21 and 22 of the same table show the
application to other materials, the results on the
titaniferous magnetite ore being of special interest.

If the expected content of vanadium in a sample
is not known accurately enough for adding the neces-
sary excess of phosphoric acid, two or more precipi-
tations may be necessary.

We have found the arrangement shown in Fig.
1 useful for handling the concentrated sulfuric acid;
it is much more convenient to use than a reagent
bottle. It stands on a large sheet of glass. Also,
the funnel with glass stopper shown in Fig. 2 is useful
but not necessary. It is made by sealing a carbon
filter to the inlet tube of a thick-walled glass wash-
bottle, the latter being used as a suction filter flask.

1 Except as otherwise indicated, the solutions used for these deter-
minations were made by adding chromium and vanadium to the nitric
acid solution of a vanadium and chromium-free steel in the proportions
indicated in the table. The vanadium was added from an ammonium
vanadate solution, which was standardized by reducing with sulfur dioxide
and titrating against permanganate; the chromium was added from a chrome-
alum solution, the chromium content being calculated from the amount
of salt weighed out.

Nos. 1 to 6, and 15 to 22, inclusive, reduced with magnesium peroxide.

Nos. 7 to 14, inclusive, reduced with hydrogen peroxide.

.2 No. 15, B, S. Chrome-tungsten Steel Standard No. 30 (in prepara-
tion). (V found = 0.02 per cent.; not determined by any other method.)

. No. 18 contained 23 mg. of titanium as titanium sulfate.

No. 19, B. S. Magnetite Ore Standard, No. 29.

No. 20, B. S. Manganese Ore Standard, No. 25.

No. 21, B. S. Sibley, Ore Standard, No. 27.

No. 22, B. S. Crescent Ore Standard, No. 26.
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If rubber stoppers are used, they should be good sound
ones, so that pieces of rubber cannot drop into the
concentrated sulfuric acid solutions.

The largest amount of vanadium determined in
Table V (10 mg., or 1 per 'cent. on a one-gram sample)
gives about as large a volume of precipitate as it is
convenient to handle. We have precipitated and

determined accurately as much as 27 mg. of vanadium,

using the 1o to 1 ratio of phosphorus, but the manipu-
lation in such cases becomes inconvenient. .This
is about the only serious limitation placed on the
method, making it necessary, when dealing with
large amounts of vanadium, to precipitate from an
aliquot corresponding to a relatively small sample.
For steels, alloys, ores, rocks, etc., containing from

FiG. 1.

traces up to 5 or 6 per cent. of vanadium the method,
we believe, can be used wherever phosphorus can be
precipitated as phosphomolybdate from solutions
of these materials.

- 7. NOTES AND PRECAUTIONS.

- The presence of vanadium in the phosphomolybdate
precipitate is shown by the yellow to orange color
of the cold, concentrated sulfuric acid solution of the
precipitate, o.o05 mg. vanadium showing a perceptible
color in a volume of 25 cc.

In carrying out the peroxide reductions it is neces-
sary to use a flask instead of an open dish or beaker.
If the latter is used there is reduction of the molyb-
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denum where the strong solution acid ‘‘creeps’’ up
along the sides of the vessel, the reduction showing
by the development of an intense blue coloration.

If, after the addition of peroxide and subsequent
heating, the vanadium is not reduced, it is probably
due to traces of nitric acid in the solution, which may
be removed by further fum-
ing; the treatment with perox-
ide should then be repeated.
In this connection we may
note that nitrous fumes readily
oxidize tetravalent vanadium
and hence the reductions
should be carried out in an
atmosphere free from such
fumes. After the reduction,
it is advisable to cover the
flask with a watch glass while
the solution is cooling in order
to prevent accidental intro-
duction of organic matter.

If the final titration is
carried out in acid of greater
concentration than 1—2 by
volume, the end-point is
rendered uncertain because of
the deep yellow color which
the pentavalent . vanadium,
formed during the titration,
gives with strong sulfuric
acid. We recommend a dilution of 1—35, in which the
end-point is very sharp.

The time required for making a determination is
worthy of note. Working with a vanadium steel,
the sample was weighed out, dissolved and pre-
cipitated in 1o minutes, the precipitate washed and
dissolved in sulfuric acid in ¢ minutes more, while the
reduction and titration required a further 12 minutes,
giving the completed determination in approximately
*/, hour. By operating on a large number of samples
at one time, the determination can be made as rapid,
if not more so, than that of phosphorus in steels.
We have frequently completed 20 determinations in
less than 7 hours, even while giving much attention
to uncompleted details. With these worked out. the
method should allow the completion of twice as many
determinations in a day.

Manganese ores are readily decomposed with hy-
drogen peroxide in the presence of nitric acid. This
solution is very well adapted for the determination of
vanadium; the insoluble should also be tested.

‘When precipitating vanadium from a solution
containing hydrochloric acid and, in general, when the
volume of the solution is very great we recommend
the addition of 1o grams of solid ammonium nitrate
for every 100 cc. of solution.

Fi1a. 2.

8. SUMMARY.

(x) It was found that vanadic acid may be quan-
titatively precipitated by ammonium phosphomolyb-
date.

(2) The vanadium-bearing phosphomolybdate shows



256

different solubility relations compared with the normal
phosphomolybdate, with respect to the usual washing
solutions used in determining phosphorus.

(3) Conditions are given for quantitatively pre-
cipitating vanadic acid when in solution alone, or
accompanied by a variety of other elements, by means
of ammonium phosphomolybdate.

(4) In order to determine quantitatively the
vanadicacid so/precipitated, (a) the possibility of
freeing it from the accompanying molybdic acid was
investigated.

(b) Conditions for reducing it without reducing the
associated molybdic acid were developed.

(¢) A method for reducing it by hydrogen, and
other peroxides and titrating it against permanganate
was elaborated.

(5) The method (¢) was applied to a variety of steels,
to iron ores, manganese ores, and to synthetic mix-
tures, in all of which the vanadium was determined
with great accuracy.

BUREAU OF STANDARDS,
‘WasHINGTON, D. C.

A NEW METHOD FOR THE DETERMINATION OF
VANADIUM; AN EXPLANATION.
By J. R. CaiNy AND D. J. DEMOREST.
Received January 25, 1912.

The discrepancy in results obtained by us when
using manganese dioxide, as mentioned in the paper
on “A New Method for the Determination of Vana-
dium,’”’ page 249, led us to seek the cause. We ex-
changed samples of manganese dioxide and each found
that the other’s reagent behaved as stated in our re-
spective papers. However, it was noted by Mr.
Cain that Mr. Demorest’s dioxide, which oxidized
differentially, was much coarser than the manganese
dioxide which the former had used, and which oxid-
ized both the lower oxides of vanadium and iron.
Upon grinding the coarse manganese dioxide very
fine he found that it oxidized both iron and vanadium
oxides as his own preparation had done. On the
other hand, Mr. Demorest succeeded in separating
a coarse portion from the manganese dioxide used by
Mr. Cain which oxidized differentially.

Thus, the discrepancy is evidently due to a differ-
ence, in the two cases, of the velocities of the reac-
tions:

(r) V,0, + MnO, = MnO + V,O,
(2) FeO + MnO, = Fe,0; + MnO

Mr. Demorest’s reagent had a degree of fineness
such that in the brief period of treatment the velocity
of reaction (1) was inappreciable and reaction (2)
was completed; whereas with material of the fineness
used by Mr. Cain both reactions went to completion.
The securing of such different results merely by chang-
ing the size of the grain of the reacting solid seems a
matter worthy of further investigation.
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THE RAPID DETERMINATION OF VANADIUM IN STEEL.
By FRANK GARRATT. ;
Received Dec. 20, 1911.

The writer has for some time used the following
modification of Johnson's method® for determining
vanadium in steel. Johnson’s procedure is adhered
to in all respects, except that the oxidation of the
chromium and vanadium in hot, dilute sulfuric acid
with potassium permanganate is omitted. With
this omission the method is extremely simple and,
briefly, is as follows:

Dissolve 2 grams of steel in about 50 cc. of dilute
sulfuric acid; when solution is complete, oxidize the
iron, and tungsten if present, by adding about 35 cc.
of concentrated nitric acid to the hot solution. Boil
until nitrous fumes are expelled, or in the case of
tungsten steels, until the separated tungstic acid is
of a pure yellow color. Dilute the solution to about
150 cc., filter if tungstic acid 'is present, and cool to
room temperature. Dilute to about 350 cc. in a
suitable beaker, add a little ferrous sulfate solution,
and obtain the old rose shade with permanganate.
Add the potassium ferricyanide indicator, and titrate
at once with standard ferrous ammonium sulfate
solution for the vanadium value.

As pointed out by Johnson, blanks must be run on
steels of similar composition, and consistent end-
points adhered to in the titrations. Asoutlined above,
the determination, even in the case of tungsten steels,
If tungsten is
absent the filtration may, of course, be omitted, thus
shortening the operation.

If chromium is not to be determined, there is no
reason, of course, for its oxidation. As a matter of
fact, without this oxidation the blanks seem to be
smaller and more uniform. Carbonaceous matter
does not seem to interfere in the subsequent titration.

The writer thinks that Johnson’s scheme of adding
the ferricyanide indicator to the solution to be ti-
trated, gives the most practical method yet offered
for the technical determination of vanadium in steel.
Blair’'s method,”? with proper precautions, leaves
nothing to be desired in the way of accuracy, but it
consumes too much time and care for a busy works
laboratory. Cain’s methods is, of course, much shorter
but it does not offer the advantages in regard to sim-
plicity and rapidity that Johnson’s method possesses.
Blair’s and Cain’s methods may well be considered
desirable for standardizations and umpire determi-
nations, but Johnson’s method seems to be the one for
routine work. If the procedure described herewith
is adopted, the determination of vanadium is much
simplified, and takes its place with the rapid methods
for determining carbon, phosphorus, manganese, etc.
Certainly the laboratory doing routine work on vana-
dium steels need not worry about its determination.

The following table gives some results obtained by
this rapid modification. Some of the steels con-
tained no chromium, while others varied from o.go-
6.00 per cent. The presence of chromium offers

1 «“Chemical Analysis of Special Steels, etc.,” p. 8.
2 J. Am. Chem. Soc., 30, 1229,
3 THIS JOURNAL, 3, 476.
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no complications, however, simply increasing the
blank to be deducted from the ferrous ammonium

sulfate used in the final titration.

Per cent. V.

Per cent. V. Difference
By Blair’'s Added as by by rapid
No. method. NH,VO;. rapid method. method.
1 0.14 0.15 +0.01
2 0.25 0.25 none
3 0.47 0.45 —0.02
4 0.64 0.65 +0.01
5 0.89 0.88 —0.01
6 1.13 1.13 none
7 1.27 1.29 +0.02
8 1.31 1.31 none
9 1.37 Fioi 1537 none
10 4.67 4.68 +0.01
11 0.15 0.16 +0.01
12 0.50 0.50 none
13 1.00 0.99 —0.01
14 1.00 0.98 —0.02

FIRTH STERLING STEEL COMPANY,
McKEESPORT, PA.

THE DIRECT DETERMINATION OF SMALL AMOUNTS
OF PLATINUM IN ORES AND BULLION.!

By FREDERIC P. DEWEY.

By the old method of determining platinum in ores
and bullion, the silver-alloy first obtained in the regu-
lar course of assay is parted in strong sulphuric acid
and the residual metal weighed. This is realloyed
with silver by a second cupellation and parted in
nitric acid, the residual metal being again weighed.
Any difference shown between the two weighings is
" assuthed to be, and is called, platinum. Sometimes
it is so, and if any considerable amount of platinum
be present, there will be a decided difference between
the two weighings; but a slight difference is no real
evidence whatever of the presence of platinum. On
the-other hand, the second weight may equal or pos-
sibly exceed the first, even when traces of platinum
are present. Again, other members of the platinum
group may go into solution in nitric acid more or
less. If present, these would be called platinum
and escape detection. The method does not provide
any direct tests whatever as to the presence or ab-
sence of platinum. It is often indecisive and some-
times gives erroncous results. It is, therefore, quite
unsatisfactory.

Being called upon many times to determine platinum,
in a wide variety of materials, particularly when present
in very small amounts, I have realized the disadvan-
tages and defects of this old method.

In an article on the solubility of gold in nitric acid,?
I have briefly outlined a method of gathering a little
gold out of a solution containing much silver, which
furnishes the basis of an excellent method for the
direct and absolute determination of small amounts
of platinum and has the added advantage that the
metal weighed may be subjected to suitable tests,

1 Presented at the New York meeting of the American Institute of
Mining Engineers, February, 1912, and published in the Bulletin of the

American Institute of Mining Engineers, April, 1912, Serial No. 64.
2 J. Am. Chem. Soc., 31, 323 (1910).
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to deterinine that it really is platinum, and to reveal
the presence of other members of the platinum group.
In the regular course of assaying for the precious
metals, gold is parted from silver by dissolving the
silver in nitric acid. If platinum be present in small
amounts only, it will readily go into solution in the
nitric acid. If now a limited amount of hydrogen
sulphide be ddded to the solution from parting, any
platinum present will be precipitated as sulphide,
along with some silver sulphide. On filtering off
the precipitate (which generally is sufficiently washed
by the operations necessary to transfer it from the
precipitating dish to the filter), the moist filter is
transferred to a small porcelain crucible, dried at a
low heat, and burned off by gentle ignition. This
transforms the sulphide precipitate into a metallic
sponge, which is wrapped in a small piece of thin lead
foil and cupelled. The resulting bead is then parted
in strong sulphuric acid, when the platinum will be
left as a dark residue, generally collected in spongy
form, even when minute in quantity. This sponge,
after reboiling in fresh acid, if necessary, is suitably
washed by decantation, annealed, and weighed.

Generally, the final metal speaks for itself as being
platinum, but, if there should be any doubt, it may
be dissolved in a drop or two of aqua regia and gently
evaporated. The solution obtained may be tested
with potassium iodide, or a few small crystals of
ammonium chloride may be added, when the char-
acteristic precipitate will show itself. As a further
test this may be filtered off and gently ignited to
produce spongy platinum. If the amount of the
final metal be considerable, the platinum may be
determined by the double-chloride method. Any
decided difference shown would indicate the presence
of other members of the platinum group, for which
direct test could then be made.

For precipitating the platinum and the necessary
silver from the parting-solution, a very dilute solution
of hydrogen sulphide should be used. One part of
a strong solution should be diluted to from 1o0-20
parts with water. If the solution of silver nitrate be
strongly acid, it should be largely diluted, or it may,
first be evaporated and then diluted. The very
dilute hydrogen sulphide solution should be added
very slowly to the silver nitrate solution with con-
stant stirring. The solution is, of course, at once
darkened, but there should be no immediate separa-
tion of a visible precipitate. The solution should be
stirred occasionally, and in about 2 hrs. flocks of
precipitate should appear. It may be filtered in
from 3—4 hrs., but it is a good plan to let it stand
over night if possible. :

The amount of hydrogen sulphide required depcnds
of course, upon the amount of platinum present. If
this should be roughly known or suspected, the amount
used should generally be enough to precipitate the
platinum and from three to five times as much silver.
On an entirely unknown ore, I should at first use 1
cc. of strong hydrogen sulphide solution diluted to
15 cc., and reserve the filtrate from the sulphides for
retreatment, if necessary. On an unknown bullion
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I should use 2 cc. of strong solution diluted to 3o cc.,
partly because bullions are liable to carry much more
platinum than any ordinary ore, and partly because
the volume of the silver nitrate solution from parfing
the gold must necessarily be larger. If, however,
it is known that minute amounts of platinum are
present, it is still necessary to use sufficient hydrogen
sulphide to give a silver bead large enough to handle
comfortably. For this reason I seldom use less than
the equivalent of 1 cc. of strong hydrogen sulphide
solution. i

It may happen that the final metal shows the yellow
color of gold, due to the fact that exceedingly fine
float-gold passed over in decanting the solution of
silver nitrate from the gold. In such a case the metal
must be realloyed with silver and the treatment
repeated. When the proportion of gold to silver
in the metal being parted is so small that the gold
separates in a very finely divided state, it will often
save trouble to filter the silver-nitrate solution, to
separate any float-gold, before adding the hydrogen
sulphide.

This method has been used with the utmost satis-
faction in determining very minute amounts of plati-
num in various silver-products directly. Much of
our silver coinage, for instance, will show a few tenths
of a milligram of platinum in roo g. of coin. Recently
I examined samples from two purchases of fine silver.
Very large samples were dissolved in nitric acid.
The acid in portions was poured upon the samples
and allowed to act at a gentle heat until exhausted.
Finally, a small amount of residual silver was removed
from the solution and dissolved in a small amount
of fresh acid, the solution being then united with the
main solution, and the whole evaporated nearly to
dryness. It was then diluted to about 250 cc. and
5 cc. of strong hydrogen sulphide solution diluted to
50 cc. was poured in with constant stirring.

This operation concentrated the gold and platinum
of the silver into a small amount of sulphide precipi-
tate. This precipitate was filtered off, roasted, and
cupelled. The resulting bead was parted in nitric
acid, and the gold determined. The silver nitrate
solution was treated with dilute hydrogen sulphide
solution, equivalent to about 1 cc. of strong solution,
and the platinum parted from the silver by strong
sulphuric acid. ;

These two samples yielded the following results:

Silver taken. Gold found.  Platinum found.
N_o, Gram. Milligram. Milligram.
) RN S S 122.32 0.28 0.67
¥ B SRe A 125.47 0.12 0.18

In case we have a material containing a considerable
amount of platinum, the well known fact that plati-
num alloyed with silver is not entirely soluble in nitric
acid must be considered. In such a case the gold
from the first parting in nitric acid must be alloyed
with silver and parted in nitric acid a second, or even
a third time, before proceeding to precipitate the
platinum from the parting solutions with hydrogen
sulphide. : SEh
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It is also very satisfactory to use the general method
of gathering gold in a precipitate of silver sulphide
in determining minute quantities of gold in high-
grade silver, such as that produced by electrolytic re-
fining. It is comparatively easy to gather the gold
from very large samples of silver, up to roo g. or more,
into a decigram of silver, and then part by nitric acid
as usual.

Probably this method of precipitating a noble
metal in solution, or removing it from suspension
in a liquid, by adding hydrogen sulphide in the pres-
ence of silver in the solution, could be used to advan-
tage in determining gold in metallic copper and
similar materials.

LABORATORY, UNITED STATES MINT BUREAU,
‘WasHiNGTON, D. C.

THE DETERMINATION OF MOISTURE IN COALS.
By E. H. ARCHIBALD AND J. N. LAWRENCE.
Received Feb. 7, 1912,

According to the official method for the determina-
tion of moisture in coal, the sample should be heated
for one hour, preferably in a double-walled toluene
bath, at a temperature of 104-7°, the loss in weight
of the sample being taken as the moisture. It is of
course recognized by many that the result does not
necessarily represent the true moisture, but the mag-
nitude of the error that may be made by following

‘these directions does not seem to be appreciated.

The following experiments were undertaken for the
purpose of comparing the quantity of moisture which
might be found according to the official method, °
with that which may be taken as representing the
true moisture and thus ascertaining the magnitude
of the errors which might be caused by oxidation of
the coal, and evolution of gases at different tempera-
tures, and the retention of the moisture by certain
coals, which, being very porous, hold the water very
tenaciously.

The work that has been done upon occluded gases
in coal has a direct bearing upon this problem. Ob-
viously, the more gas given off during heating, other
things being equal, the larger the error which will
be made. That carbon dioxide, oxygen, methane,
nitrogen, carbon monoxide and ethane are evolved
from peats and coals when heated, has been shown
by Websky,* VonMeyer,? Thomas,? and a number
of other investigators.

Parr and Baker* have' shown that when coal is
first mined it evolves hydrocarbons, chiefly methane,
quite rapidly; but after a period of four months
scarcely any methane is given off. Their data also

‘show that carbon dioxide is evolved especially at a

high temperature, and that oxygen is continually
absorbed. g
Porter and Ovitzs found that some coals dried in

the air at 115° C. lose appreciable amounts of carbon

1 J. prakt. Chem., 92, 76 (1864).

2 Ibid., 5, 144 (1872).

3 J. Chem. Soc., 13, 793 (1875).

4 Unsv. of Ill. Eng. Exp. Station, Bull, 32. ¢

5 J. Am. Chem. Soc., 30, 1486 (1908).
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dioxide, and a great many take up oxygen. These
authors have also shown that the coal absorbs oxygen
without forming carbon dioxide.

E. E. Somermeier* has called attention to the
fact that lignitic coals give up their moisture more
slowly than harder coals.

Kent? has suggested heating the coal in an atmos-
phere of nitrogen, absorbing the moisture given off
by means of calcium chloride, and determining the
increase in weight of this drying agent, which should
represent the true moisture.

N. W. Lords3 notes that when finely ground samples
of Illinois and Indiana coals were heated for different
lengths of time, in different amounts, and under
different conditions, practically all the moisture was
expelled in the first thirty minutes; further that the
change in weight represented not only the loss of
moisture, but included any change due to oxidation,
or other cause. :

The recent work done by Porter and Ovitz4 dealing
with the subject in hand is most interesting. They
were especially concerned with the volatile matter
evolved from the coal at temperatures between 400°
and 1100°. They also conducted a series of experi-
ments for the purpose of weighing directly the mois-
ture driven off from the coal at 105° when heated in
a current of dry air or in nitrogen. The gaseous
products were as far as possible collected and weighed.
Their results show that a slight amount of carbon
dioxide is produced by drying the Illinois and Wy-
oming coals at 105° but only slight traces of hydro-
carbons or carbon monoxide. Their experiments
* further showed that oxidation of the coal occurred
to the extent of o.4-0.59%, the amount of moisture
obtained by absorptions in calcium chloride being
greater, in almost every case, than the moisture
determined by the official method.

The particular purpose of our work was to show
the effects of heating the coal at different tempera-
tures, for different lengths of time, and the extent
to which a soft coal must be heated in order to expel
the moisture. 'As will be shown below, the greatest
error made in the determination of the moisture,
by the official method, is likely to be due, not to
oxidation or evolution of gases, but to the different
rates at which moisture is expelled from different
«coals.

In the first set of experiments the coal was placed
in a tube and heated in a stream of air free from
moisture and carbon dioxide. After passing over
the coal, this stream. of air was led to tubes containing
anhydrous calcium chloride.

The attempt was made to determine the amount
-of hydrocarbons given off, but this was not entirely
successful. We can say, however, that the amount
is exceedingly small below 110°; there seemed to be
appreciable amounts at 120°.

After heating for an hour, or two hours, the tube
containing the coal was weighed, giving the change

1 J. Am. Chem. Soc., 28, 1630.

2 “Steam Boiler Economy,’” by Wm. Xent, p. 351.
3 U. S. Geol. Survey Bull. 323, p. 18.

4 J. Am. Chem. Soc., 30, 1485 (1908).
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in weight of the coal. Also, the calcium chloride
tube was weighed giving the moisture driven out of
the coal. The difference between the latter value
and the gain or loss in the weight of the coal tube
should give the value of the change due to oxidation,
evolution of gases and such causes.

If gas was evolved along with the expelled water
and some constituent of the coal oxidized at the
same time, the change in weight will be negative or
positive as the first two effects or the latter are the
greater. :

In making the weighings, glass tares were used,
of very nearly the same volume and surface area,
and containing the same amount of substance as the
tubes to be weighed. The weights were carefully
compared among themselves, and all corrections
applied. The balance used was a long arm Becker
which gave very constant results.

Blank tests were run frequently in order to assure
ourselves that the air or nitrogen used was free from
moisture, carbon dioxide, oxygen or any harmful im-
purity. These tests always gave very satisfactory
results.

The experimental work may be classified as follows:

(x) The experiments with bituminous coal heated
in a current of air.

(2) The experiments with bituminous coal heated
in a current of nitrogen.

(3) The: experiments with anthracite heated in a
current of air.

(4) The experiments with anthracite heated in a
current of nitrogen.

In the case of the first set of experiments the coal
was heated at four different temperatures, viz., 75°,
100°110° and 120° starting with a fresh sample of coal
for each temperature. FEach sample was heated one
hour, then weighed, heated two hours and again
weighed ; while in the case of a few samples the heating
was continued for two hours and then for one hour.
At each of these intervals the change in weight of the
coal and the true moisture given off was determined,
as well as the unsaturated hydrocarbons evolved,
if any. The data obtained are shown in Table I,
expressed as percentages of the original weight of
the coal. A gain in weight is indicated by the letter
G. A loss in weight by L. These letters are in-
serted only when the result is different from that
indicated by the heading of the column.

The results show that at 75° the loss in weight
of the coal corresponds very closely to the moisture
expelled from the coal; that an appreciable amount
of moisture remained in the coal after the first
hour of heating; that practically no unsaturated hydro-
carbons were detected.

At 100° the moisture weighed was o.19%, greater
than the loss in weight of the coal during the first
hour. The coal gained instead of losing in weight
during the second and third hours. This shows con-
siderable oxidation as it is enough to cause not only
this increase in weight but to make up for the loss
due to the evolution of any gases, which must have
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75° »
1 1.43 0.14 1.46 . 0.17
2 1.56 0.09 1.56 0.08
3 1.45 0.12 1.46 0.20
Aver. 1.48 0.12 1.60 1.49 0.15 1.64
100°.
1 1.66 G0.02 1.84 0.14
2 1.55 G O0.05 1.74
3 67 GO0.05 1.89 0.07
Aver. 1.63 GO0.04 1.59 15825550310 1592
110°,
1 1.65 GO0.09 1.89 0.12
2 1.73 G 0.05 1.84 0.04
3 1.65 G0.09 1.85 0.13
Aver. 1.68 GO0.08 1.60 1.86 0.10 1.96
120°.
1 1.75 G O0.16 2.01 0.22 0.09 0.22
2 1.72 G O0.16 12985-0,19 0.09 0.07
3 1.70 G 0.06 1587510719 0.04 0.22
Aver. 1:72° G 0.13 1.59 1595550520480271 5552007420517,
taken place to some extent. Our method failed to

detect any unsaturated hydrocarbons.

At 110° the moisture weighed was o.189%, greater

than the loss in weight of the coal. The gain in
weight of the coal during the second and third hours
is greater than at 100° showing more oxidation.
Another point worth noting is that an appreciable
amount of the moisture remains in the coal after
the first hour's heating at this temperature.

The results at 120° show the moisture weighed to
be o.239% greater than the loss in weight of the coal
during the first hour. The oxidation during the sec-
ond and third hours is appreciably more than for
100° at this temperature, and we have an appreciable
amount of hydrocarbons evolved, but this is much
more marked during the second and third hours.

The amount of moisture given off during the second
and third hours is considerable, being about 109% of
the total moisture. If we wish to obtain some idea
of the oxidation we must add to the difference be-
tween the moisture weighed and the loss in weight
of the coal (0.569%) the weight of unsaturated hydro-
carbons found (0.17%) giving o0.73% of the weight
of the coal, a value which must be low, as we know
other gases, as well as hydrocarbons, are given off.

The results obtained by heating the coal for the
fourth and fifth hours, and again for the sixth, may
be briefly summarized. The coal tube continues
to gain in weight, but the gain is much less than for
the second and third hours. A small amount of
hydrocarbons appears to be given off at 110° The
moisture weighed is almost negligible even at 75°.
All that can be driven off at this temperature dis-
appears during the first three hours.

It would appear therefore from these experiments
with the soft coal that in the determination of mois-
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ture as usually carried cut, a considerable amount
of moisture is left in the coal—at least 109, of the
total moisture. If however the temperature is raised
until this moisture is expelled, an appreciable amount
of hydrocarbons in addition to other gases will be
driven off. Oxidation of some constituents of the
coal takes place causing an increase in weight, which
may be estimated at about 0.809, of the weight of
the coal.

‘We pass now to the results obtained by heating
the coal in a current of dry nitrogen. The nitrogen
was prepared by passing air through ammonia water
and then over heated copper. The results are tabu-
lated as in the previous experiments.

TABLE II.
: : e Moisture 'Y+ Unsatd. hydro-
Loss in weight A g weighed. =5 carbons.
———— R —— .gu —_——
e u =Y 7 A
oA e
133 o= (o o
; B sy fre P ; =
s A MR e S R e e e
Z i) L o g g8 o9
g9 7} y g9 5] X g9
- = a — P —E 51 —r =1 [
a = =1 g:‘i % o -‘-;5 b o
4 - & < Rl S = SR &
7525
1 1.63 0.13 1.40 0.06
2 1.58 0.08 1.44 0.20
3 1.61 0.10 1.42 0.18
Aver. 1.61 0.10 1571 1.42 0.15 1.57
100°.
1 1393 0.01 1.74 0.18
2 1.89 0.08 1.76 0.06
3 1.87 0.03 1.74 0.14
Aver. 1.90 0.04 1.94 1.75 0.13 1.88
110°.
1 1.99 GO0.05 1.8¢ 0.04
2 1.87 G 0.03 1.82 0.14
3 1.92 1.84 0.09
Aver. 1.93 G 0.03 1.90 1.83 0.09 ) B e P2 s
120°.
1 1.94 GO0.01 1.90  0.23 0.10 0.36
2 1.93 G 0.03 1.90 0.03 0.10 0.22
3 1.89 G O0.01 1.84 0.09 0.00 0.03
Aver. 1.92 G 0.02 1.90 1.88 0.12 2.00 0.07 0.20
At 75° the loss in weight of the coal was 0.14%,

greater than the moisture weighed. A separate test
made showed that o0.089, of carbon dixoide was.
evolved from this coal when heated.

The results for 100° show that the loss in weight
of the coal during the first hour’s heating was greater-
by o0.15% than the moisture weighed. During the
second and third hours’ heating, however, the mois-
ture weighed is greater then the loss in weight of the-
coal.  This suggests the synthesis of some water from
the hydrogen and oxygen in the ooal. An appreciable:
amount of moisture is left in the coal after the first.
hour's heating.

The results for 110° show the same variations.
as those for 100° The moisture weighed is still
less than the loss in weight of the coal, but the dif-
ference is now very small. At 120° the total mois-
ture weighed for three hours is slightly greater than
the loss in weight of the coal. Doubtless an ap-
preciable amount of gas must have been driven off;
in fact the amount of heavy hydrocarbons is large
enough to be detected. Oxidation must have taken.
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place to a considerable extent. Water is still retained
after an hour of heating.

If we assume that the difference between the loss
in weight of the coal when heated in nitrogen, and
when heated in air, represents the oxidation, we can
express the oxidation for the first hour in percentage
values of the moisture; as follows:

TasLe III.
Per cent.
T R s o R G D OGS 8.72
A L] 00 0 O A Seare s e sy S ver] 14.84
L B e R B M SO S O b 13.44
A ] 20 e S s 10.26

The moisture in the bituminous coal was also de-
termined at the different temperatures in the official
way, viz., by heating one-gram samples in platinum
crucibles for one hour. THe results follow:

TaBLE IV.

Moisture,
official method.
——————+————  Total “moisture weighed”

No. I. No. II. from Table I.
Temp. Per cent. Per cent. Per cent.
755 1.12 1.07 1.64
100° 0.95 1701 1392
110° 1.32 1.39 1.96
120° 1.25 1229 2.15

The true moisture in the coal is therefore greater
than the moisture found by the official method by
409, of the total moisture. .

It appears from Tables I-IV that the moisture
determination, as usually carried out, is in error from
several causes: firstly, as shown in Table III, the value
is too small by 149, of the moisture, due to an increase
in weight of the coal, caused probably by oxidation,
which is far from being balanced by the loss of oc-
cluded gases; and secondly, due to the water that
still remains in the coal, which, considering Table IV,
amounts to about 269, of the total moisture; the
two errors combined amount to 409, of the true
moisture.

We now come to the experiments with the an-
thracite coal. In the first place, we will consider
the results obtained by heating the coal in dry air.

TasLE V.
2 Moisture W Carbon
Loss in weight. w5 weighed. g dioxide.
———— PO il < —_—
o g w3 e T4 o &
= = e g =) g =] 4
9 3= o go [
% A Xty sard R Lt Sy
= <o OE g o g =)
I g g0 ) b g0 L : g9
s & Shegnd e Ry e ey -y
S 2 RS o et Ak 5@ 5 IR
z & « = Sl = - ]
1 2.60 0.07 2.63 0.07 T 0.23 none
2 2.57 0.07 2.65 2.64 0.10 2.72 No determina-
tion.*
1 2.60 0.03 2.62 2 0.16 none
2 2.67 0.03 2.67 2.70 19 2.8 0.14 0.07
1 2.64 0.04 2.64 0.31 0.15 0.07
2 .2.63 0.03 2.67 2.63 0.13 2.8 0.18  none
1 2.73 Go0.11 Sietatenint=: 2 4 02 0.11 0.16 0.11
2 2.73 GO0.06 2.65 2.66 0.05 2.72 0.26 mnone

* Tare was broken during the run.
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The carbon dioxide was determined for all the fol-
lowing experiments by, absorbing the gas in potassium
hydroxide solution. The further determination of
the hydrocarbons was not attempted. As heretofore
the results are percentage values of the original weight
of coal. ;

Tt is noted that in the case of both coals the moisture
weighed is greater than the loss in weight of the coal.
The water is much more easily expelled from the
anthracite coal, as itis almost entirely driven off during
the first hour of heating, while with the soft coal
this was not the case.

The next series of results was obtained by heating
the anthracite coal in an atmosphere of nitrogen.

TABLE VI.
=t Moisture &
Loss in weight. = g weighed. 4
e T g e =<
- E A -
ot g g o
g 2 i bt S 08
B o8
G T - o Fe 2y
o s nY s oo
s BES T g S ek o
Z 50 o =9 BN
o H Sy =z El Sy By
= e IS = - & =
752 Cs
1 2.77 0.02 2.48 0.05
2.77 0.01 2.41 0.06
3 2.74 0.0 241, 2.45 0.00 2.47
100° C.
1 2.84 0.03 2.31 0.00
2 2.77 0.04 2.51 0.00
3 2.79 0.10 2.83 2.35 0.00 2.39
110° C.
1 2.81 2.64
2 2.76 2.61
3 2.86 2.81 2.64 2.62
120° C.
1 2.85 Gatats ST 2.54
2 2.83 Salins 2.45
3 2.83 2.84 2.53 2:51

The moisture weighed is appreciably less than the
loss in weight of the coal. The difference is about
0.31%, while the carbon dioxide given off according
to the previous experiments was o.23%. The dif-
ference between these values, or 0.089%,, represents
roughly the unidentified gases.

As was the case when the coal was heated in air,
practically all the moisture is driven off during the
first hour of heating. The amount of this moisture
is almost the same for 75° as for 120°.

The analysis of the anthracite according to the
official method gave the following results:

TABLE VII.
Moisture by official
methéd. Total “moisture
e e weighed”
No. I. No. II. from Table V.
Temp. Per cent. Per cent. Per cent.
75° 2.37 2.40 2.72
100° 2.30 2.37 2.87
110° 2.39 242 2.88
120° 2.40 2.40 2,72

The moisture as found by the official method is
here only from 159% to 20% less than the moisture
weighed. .

The bituminous coal and the anthracite were both
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analyzed for iron, sulfur, volatile matter and ash.

The results follow:
TasLe VIII.

Bituminous coal. Anthracite.
Exp. I. Expslls i RBxpalat = Exp. 116
Constituent. Per cent. Per cent. Per cent. Per cent.
IrOn. . cieeeninsnans 0.65 0.55 0.48 0.58
Sulfuriss s e 1.02 1.07 1.15 1.18
Vol. matter........ 32.49 31.80 5.77 6.13
Ashy e v s 6.83 6.74 8.37 8.34

We see from these experiments that the greater

oxidation in the case of soft coal could scarcely be

due to the greater amounts of iron and sulfur present,
as” these constituents are present to almost an equal
amount in the two cases. Rather, the greater oxi-
dation must be due to the fact that the moisture is
not so rapidly expelled from the soft coal.

The curves shown}in Figs. A and B serve to indicate
very clearly the general character of the results. The
temperatures are plotted as abscissae and the per
cent. of moisture as ordinates. The curves of Fig.
A represent the results for the bituminous coal, those
of Fig. B the results for the anthracite. The total
decrease in weight of the coal during the first three
hours, which is shown in curve I of Fig. A is practi-

—
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i
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/80
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/50
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iy A
cally the same for all the different temperatures,
the curve being practically a straight line. Curve II
shows the gradual increase .in moisture given off by
the coal as the temperature rises. Here too we have
practically a straight line. Curve III represents the
variation in the weight of the bituminous coal when
heated for three hours at the different temperatures,
in nitrogen. For temperatures above 100° the weight
is constant. This curve lies throughout its whole
length far above Curve I, showing the effect of oxida-
tion when the coal is heated in air.. The relation of
the amount of moisture given off to the temperature
when the coal is heated in nitrogen is set forth by
Curve IV. The upper portion of the curve lies a little
below Curve II. This could be accounted for by
assuming the synthesis of a small amount of water
from the oxygen of the air and hydrogen present
in the coal. §

The curves for the anthracite (Fig. B) resemble
in some respects those for the bituminous coal.
Curve I, showing the relationship between the

R

change in weight of the coal and the temperature at

which it is heated (in a current of air), is a straight
line, as in the case of the soft coal. The total mois-
ture given off by the coal when heated in air shows
a maximum at about 105° (Curve II). From Curve
III we see that there is a continual loss in weight of

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

April, 1912

the coal when heated in nitrogen, but this is not
much greater for 120° than for 75° Curve IV show-
ing the moisture weighed at the different temperatures
is more difficult to draw than the others as the results
are not as regular. Obviously the result for 100° is
worthless. However, for the sake of completeness
the points are indicated.

The above considerations show that the errors
made in the determination of moisture by the official
method are much more serious in the case of bitumi-
nous coal than for anthracite. The determination
being of little value in the former case, as at present
carried out, we suggest that for this class of coals the
method be modified, and that the coals be heated in
a current of dry air at a temperature of at least 110°,
the moisture given off being weighed directly after
absorbing it by anhydrous granular calcium chloride.
The results for one coal would then be comparable
with those of another while at present this is not the
case.

SUMMARY.

We may briefly summarize our results as follows:
(x) When the determination of moisture in coals
is carried out according to the official method, the
result is much lower than it should be, the error

2.90
2.80,
2.70 r
260
2.50)

240
755 100° 170°

Fig. B
amounting in the case of some bituminous coals to
409, of the true moisture.

(2) The oxidation of iron or sulfur or both, and
the non-expulsion of a considerable part of the water
which probably accounts for the largest errors here
involved, are much greater in the case of bituminous
coal than with anthracite: due on the one hand to
the moisture remaining in contact with the coal at a
high temperature for a much longer time, and further
to the more porous nature of the softer coal.

(3) It was suggested that for bituminous coals the
method be modified and that the coal be heated in a
current of dry air at a temperature of at least 110°,
the moisture given off being weighed directly, after
absorbing it in anhydrous calcium chloride.

CHEMICAL LABORATORY,
SYRACUSE UNIVERSITY.
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A METHOD FOR THE UTILIZATION OF LEAD FURNACE:
FUME.
By L. S. HUGHES.
Received Dec. 18, 1911,

A large item of expense in the operation of lead.
smelting plants is the treatment of furnace fume.
Where the so-called “open-hearth’” furnaces are em-
ployed this by-product frequently amounts to more
than twenty per cent. of the total ore charge and
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carries approximately that proportion of the original
metallic values.

Ordinarily, ‘‘open-hearth’” furnaces are arranged
in a single battery below a common flue which re-
ceives the fume from all the furnaces. This flue
delivers into a series of collecting chambers in which
the furnace dusts and ashes are deposited. The fan

which supplies the necessary draft is placed beyond -

these chambers and the fume proper is forced by its
exhaust into a cloth filter system of the bag room type
which retains the solid fume and filters it from the
furnace "gases. From the filter bags the fume falls
into a closed brick chamber and is allowed to accumu-
late there until it is several feet in depth. The pile
is then set on fire and slowly smolders until the
sulfide and carbonaceous ingredients are oxidized.
This burning occupies several days and in order to
avoid interruption of the furnace operation several
independent filter systems are used so that any one
may be cut off whenever it is necessary to burn the
fume therein. When it is finished the fume is con-
verted into a whitish cinder of approximately the
following composition.

Per cent,
Lead sulfate......... G T O S ST AL 55
Lead monoxide 44
Zinc oxide....... 1
Rerric oxXid el oI e o a ettt e St i ot el St traces

If a sufficient settling system has been employed
between the furnaces and the bag room there will
be no more than traces of the non-volatile constit-
uents of the furnace charge.

Hitherto no better means of disposing of the burned
fume has been devised than that of using it as a
smelting material: most commonly by reduction in
a blast furnace, but occasionally in an open-hearth
furnace. Attempts have been made to use the un-
burned fume as a pigment and there is a small market
for it in the paint trade, but its variable color and
certain difficulties in its manipulation sharply limit
the demand and the total tonnage thus consumed
is too small to affect the problem.

The remarkable freedom of the fume from non-
volatile impurities and the fact that it represents a
mixture of almost absolutely pure oxidized lead com-
pounds after burning, presented it as a promising
raw material for conversion into lead compounds,
but the problem proved by no means easy of solution.

An examination of the literature disclosed several
processes devised for the conversion of ledd sulfate
into other compounds in the wet way. Some of
these were manifestly worthless from a commercial
standpoint as the inventors had proceeded with a
reckless disregard of the cost of reagents: others,
which appeared to be conceived in a spirit of prac-
ticality, were carefully checked experimentally.

While it was desired to find a plan which would
yield a product of lead oxide or hydrate, compounds
not only merchantable per se, but readily convertible
by ordinary processes into an indefinite number of
compounds, methods for the direct conversion of
the sulfate or sulfate-codtaining mixture into com-
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pounds of special desirability, such as the chromates,
were included in the list of possibly available methods.

Prior methods proved disappointing in every
instance, and in some cases a most grievous discrep-
ancy developed between the facts, as revealed by
experiment, and the statements published. Even
where the methods had been the basis for patents,
instances were found which strongly indicated that
the claimants had neglected empirical verification
of their ideas. ;

Attempts were made to convert the pulverized
cinder directly into lead chromate by treatment
with a soluble chromate, but the products proved
of unsatisfactory composition through the persis-
tence of a portion of the lead sulfate and in all cases
were of unsatisfactory color and tinctorial strength.

Digestion with sodium hydrate and carbonate as
a preliminary step gave but slightly better results
as it proved practically impossible to convert all the
lead sulfate present. :

As the amount of residual sulfate appeared larger
when a coarsely pulverized cinder was employed, a
microscopic examination of the digested fume was
made, and this showed plainly that the residual sul-
fate was encysted by crusts of hydrate, the complex
‘particles having much the structure of a nut with a
kernel of unchanged sulfate and a shell of hydrate.
This observation naturally suggested trituration as
a means of effecting complete conversion and the
employment of a closed ball mill entirely obviated
this difficulty, conversion being rapidly and com-
pletely accomplished.

Up to this point little attention had been paid to
the amount of reagents employed but for commercial
application it was manifestly necessary that the treat-
ment be systematized and the chemicals reduced to
the minimum amount. ‘Soda lye” had been se-
lected as the most generally desirable reagent for
decomposition of the lead sulfate, both because of
its low cost and because by adding it in dry form its
heat of solution within the mill obviated any necessity
for the employment of extraneous heat to accelerate
reaction. In order to obtain a sufficiently high tem-
perature and also to yield a sodium hydrate solution
of sufficient concentration the water was propor-
tionately reduced. A mechanical difficulty appeared
in the first test: the solution of sodium sulfate re-
sultant from the decomposition was supersaturated
and the crystals of sodium sulfate interlaced the paste
of lead hydrate converting the entire mass into a
tough, coherent cake which had to be broken out of
the mill by hand. From a practical standpoint it
was impossible to remove it by solution of the sodium
sulfate by treatment with water, for the cake was
almost impermeable by water. It was noted that
this solidifying action did not take place so long as
the mill was in motion, but immediately after it came
to rest the setting occurred. Repeated efforts were
made to introduce water immediately after grinding
had stopped, but in every instance the ‘‘setting’”’ had
taken place. .

The solution of this difficulty was effected by intro-
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ducing a new pattern in double cone ball-mills which
permitted of the introduction of water and washing
out of the charge without stopping the mill. The
body of the mill was of the familiar type employed
in horizontal mills, but the outlet was made consid-
erably wider than the charging hole so that when the
level of water within the mill was raised it would
overflow at the outlet only. This proved of the
greatest convenience and value in operating. After
conversion was completed a jet of water was turned
into the charging hole and the rotation of the mill
continued, The hydrate in the form of an impalpable
sludge was, of course, kept continually stirred up
and was rapidly floated through the outlet into a
washing vat. This water-floating action had the
additional advantage that by no possibility could
any portion of the charge escape from the mill before
it was reduced to extreme fineness.

Washing was effected by decantation and the hydrate
was then ready for conversion into other compounds.

For conversion into chromate it was dropped from
the washing vat into a large percipitating vat and
‘treated with the theoretical amount of acetic or
nitric acid required for its conversion into a basic
salt; water was added and the necessary solution
of an alkaline chromate or bichromate. The extreme

cactivity of the hydrate enabled the conversion to
be effected without heating and with no more than
the theoretical amount of acid.

For the production of oxides the hydrate
pumped into a filter press and the cakes furnaced
without previous drying. 3

It was found possible to produce a good lead arsenate
at a considerably lower cost than obtains with present
processes by mixing the freshly made hydrate with a
solution of arsenic acid obtained by oxidation of arse-
nious anhydride with nitric acid, and boiling. The reac-
tion was a little slow but the product most satisfactory.

Other instances of easily obtainable compounds might
be cited but the possibilities of lead hydrate are manifest.

While the method offers absolutely nothing new
from a chemical standpoint, it promises to have a
very considerable influence upon the lead pigment
business on account of the great economy over present
methods which it entails. The degree of saving
effected by using a by-product such as ‘‘blue fume®
and thus saving both the smelting cost of producing
pig lead and the additional cost of furnacing the pig
lead to litharge and pulverizing the litharge is ap-
parent from the following tables:

The cost of producing chrome by present methods
ranies somewhat according to the market rates for
litharge, acetic acid, nitric acid and sodium bichro-
mate; the following fisures represent usual costs in
manufactunng on a large scale:

Cost per Ot
69 pounds BUBampe sl S8 Gt s v et n s s a3 T
A3 35 poends S8 acetic aad st I3 .. Saea 1.3
48 poends Sodim Dichromate aR 332 Civiaanaane - 2,33
d R G R S R NI R N o 0.23
AV Sl el U L T Sl v A N TR S e ke 0.03
Dahages and paIEng. . vavanas BN AW SRR R 0.23
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To this must be added freight and selling expense.

These figures are based on good practice without"
waste. Most manufacturers compute their cost of
production at from $8.50-$8.75. For small pro-
ducers who have to buy in small lots and at higher
prices the cost is much higher.

COST OF PRODUCING CHROME UNDER NEW PROCESS.

Using the same basis of prices as before, the cost
per cwt, is:

11 pounds caustic 50da 8t 2 Covvvnvrvranarsennns $0.22
80 pounds burned fume at 234 c..ovviiiiiiann 2.00
29 pounds 56% aceticacid at 324 Covvvvrannnnnn 1.38
46 pounds sodium bichromate at 5% c....o.. ... 2553
o e O S OB B A A I DL D OO 0.25
Vater and:fitel R o el e e shetsrats 0.05
Packages and packing. ... . oo vl 0.25

$6.68

To this must be added freight and selling expense.

It will be observed that less acid is used than in
the former statement. This is because of the much
greater reactivity of lead hydrate as compared with
litharge. The burned fume is valueless except as a
smelting material: its value is therefore the value of
the metal which can be recovered from it, less the
smelting cost and freight.

A METHOD FOR TESTING OUT PROBLEMS IN ACID
PHOSPHATE MANUFACTURE.*
By F. B. PORTER,
Received Jan. 12, 1912,

The process of manufacturing acid phosphate is,
like many other factory processes, very hard to carry
out on a laboratory scale. The writer has at various
times made attempts to.do this on 1000 or more
grams of rock dust.

It has so far been practically impossible to stir
sufficiently and control the temperature well enough
with the limited apparatus available to get satis-
factory results. :

This being the case we recently devised the plan
of using the quantities of acid and rock required to
make 2 grams of finished acid phosphate, stirring
them together with a stirring rod in a test tube and
using the entire product for the insoluble test.

The following is the method in detail: Weigh
1.100 grams of rock dust into a 5”7 X s/,” test tube,
add the quantity of acid required from a small bore
1 cc. Mohr's pipette, allowing the pipette to run
empty and draining for a definite length of time
(z minute).

The acid required and used is determined by ti-
trating amounts delivered in the same way with half-
normal alkali.

Stir the acid and rock together for 3 minutes, being
careful to see that the dust is all wetted by the acid
m the first half-minute of the stirming perniod. The
test tubes thus prepared, without removing the stir-

1 Presented at the forty-Hfth meeting, Amernican Chemical Society,
Washington, December, 1911,
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ring rod, are then held at any temperature for any
time desired.

The resulting acid phosphate is transferred to a
g cm. filter paper with water and the citrate-insoluble
phosphoric acid determined by the Official Method.
Page 3, Bull. 107, Rev. Bureau of Chem.

At first this method gave occasional erratic results
but with practice and care we are now able to get
results agreeing practically within the limit of error
of the citrate-insoluble method. The results used
in this kind of work are averages of three and in
most cases four separate analyses. In this way
accurate reliable results are obtained.

This method has many advantages over one using
larger quantities of rock. Three of these are:

1st. Large numbers of tests can be carried out
with inexpensive apparatus common to every lab-
oratory.

2nd. The temperature at which the tests are held
can be easily and accurately controlled.

3rd. A large number of these tests can be made
in the time required for one by any other method
known to the writer.

LABORATORY, SWIFT FERTILIZER WORKS,
ATLANTA, GaA. \

ON THE DETERMINATION OF CARBON DIOXIDE IN
SOILS.
By LEoN T. BOWSER.
Received October 26, 1911.

Up to a comparatively recent time no method had
been so thoroughly tried out as to be considered a
reliable one for small amounts of carbon dioxide in
soils. In 1908, the Association of Official Agricultural
Chemists took up the matter of testing the applica-
bility of the Knorr method, and in 1909 a still larger
amount of codperative work was done. The results
of the work will presently be presented in tabular
form.

The method outlined in the author’s previous paper?
having been found to yield good results with materials
containing a large percentage of carbon dioxide, it
' remained to be seen whether it would be as satisfactory
in cases where the percentage is small. Asa preliminary,
two determinations were made in a sort of artificial
soil containing a known amount of carbon dioxide.
A very pure sea sand was ignited for some time to
remove all organic matter and decompose such calcium
carbonate as might be present from finely divided
particles of sea shells‘and other carbonate materials.
This was cooled, and to a weighed portion was added
enough analyzed CaCO, to give exactly o.o5 per cent.
CO,. A blank determination was first made on the
water, reagents, and freshly ignited sand; then two
determinations were carried out on the artificial soil.
The blank first found was deducted from the titration
results, and CO, calculated from the difference. The
determinations gave o.043 and o0.048 per cent. CO,,
an average of 0.0455 as against the o.o5 per cent.
actually present, which seemed very satisfactory.

1 TH1S JOURNAL, 4, 203-205 (March, 1912),
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There was available a considerable quantity of each
of the two samples for the 19og A. O. A. C. soil work,
and as the average of results from a large number
of independent workers is likely to be somewhere
near the truth, it was thought that here was an un-
usually good opportunity to compare the two methods.
Four determinations were accordingly made on each

" of the two soils, under conditions parallel to those

used by the A. O. A. C. workers, and the results are
presented in Table I, accompanied by the Association
results on the same, ;

TABLE 1.
J Soil 1.
Knorr method. Analyst, Volu-
~ metric
13 2 3. 4, S; 6. T4 method.
0.070 0.085 0.072 0.092 0.092 0.080 0.074 0.080
0.073 0.082 0.073 0.085 0.074 0.080 0,077
0.065 0.075 0.085 0.080 0.075
0.072 0.082 0.080 0.084
0.068 01085 il
0.073 e
Av. 0.070 0.083 0.073 0.092 0.086 0.079 0.077 0.079
General av. 0.078
Soil 2.
Analyst.
12 2. 3. 4. S 6. 74
0.027 0.027 0.023 0.027 0.027 0.036 0.026 0.026
0.028 0.035 0.021 0.027 0.036 0.025 0.031
0.031 0.028 0.023 0.030 0.030 0.031
0.024 0.035 0.020 0.026
0.027 0.022
Av. 0.027 0.031 0:022 0.027 0.028 0.034 0.025 0.028
General ay. 0.028
Comparison of Averages.
Soil 1, Soil 2.
AT O=ASC il et 0,078 0,028
Volumetricisites et 0.079 0.028

The averages given in the Association report are:
No. 1, 0.081 per cent.; No. 2, o.027 per cent. CO,,
but these include only the results of the first five
analysts, the latter two reporting too late to be in-
cluded. For the present work all of the results are
considered, increasing the probability that the aver-
ages are near the truth. The agreement between
these revised averages and the ones obtained by the
volumetric method is remarkably close, and shows
that the latter is thoroughly reliable. On the score
of consistent results, the volumetric method is superior
to the gravimetric. Thus on Soil 1 the A. O. A. C.
results range from o.065 to o0.092, a variation of o.027
per cent., while the volumetric results range from
0.075 to 0.084, a variation of o.co9 per cent., or just
one-third of the former. On Soil 2, the A. O. A. C..
results run from o.0z0 to o0.036, a variation of o.016
per cent., as against 0.026 to o.031, a variation of
o.005 per cent. for the volumetric, which, as with
Soil 1, is practically one-third as great a difference.

The method followed was as outlined in the pre-
ceding paper,* and in each case 10 grams of soil were
taken. Soils containing o.1 per cent. or less of CO,
require for titration an acid of strength not exceeding
N /50, since when stronger acids are used the evolved .
CO, is equivalent to but a fraction of one cc., and too

1 THis JOURNAL, 4, 203.
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great an error is thus introduced. Occasion may
even arise where a centinormal acid is demanded,
although the writer has never encountered such a case.
Even with N/50 acid a considerable amount of care
is necessary in observing end points, and the use of
comparison solutions is advisable.

There are many ways in which this method seems
especially adapted to soil work. Thus boiling the
sample in the flask does not cause even the slightest
bumping, and the evolved gas comes off smoothly
‘and uniformly. Also, the vigorous boiling possible
in this form of apparatus insures a thorough and
constant stirring up of the sample, with consequent
complete decomposition of the carbonates. One
precaution which must be carefully observed, however,
is in regard to the degree of heat applied to the flask
at first. Just as the contents are about to begin
ebullition there is a tendency to froth, and the flame
should be turned down low for a moment until the
solution is in full boiling.

A curious fact has been noted by several analysts
in connection with the amount of a soil sample which
should be introduced into the decomposing flask;
results with 10 grams of soil are almost invariably
higher than those with larger amounts. This is
illustrated in Table I1, where three independent analysts
have obtained results decidedly similar.

TABLE II.
Soil 1. Soil 2.
50 }5 10 50 40 20 10
gms. gms. gms. gms, gms. gms. gms.

Analyst 600U 0.065 0.021 5 e

Analyst 7 iViaSads ZE505 s 0.025 0.0225
ACOTANCTAVES e 201078 Lalaei® 02028
L. T, BOwser, .. - 0.061 0.079 0.025 0.028

An investigation into the causes of this behavior
might yield results of considerable value.

Judging from the results secured, the titration
method is apparently superior to the procedures
now in use for the determination of carbon dioxide
in soils. It ‘s far more accurate, the manipulation
simpler, results more uniform, and the apparatus
itself not in the least fragile. These advantages,
coupled with the fact that there are very few pre-
cautions to be observed, should make it of great service
in the analysis of soils.

In conclusion, the writer desires to acknowledge
his indebtedness for many favors to Mr. J. W. Ames,
of the Ohio Agricultural Experiment Station, Mr.
W. F. Pate, formerly of the same place, and Dr.
A. M. Peter, of the Kentucky Station.

THE PHENOMENON OF THE APPARENT DISAPPEARANCE
OF THE HIGHER BOILING PHENOLS IN
CREOSOTED WOOD AND ITS
EXPLANATION.
By SaMmuEeL CaBorT.
3 Received January 18, 1912,
One of the mysteries of the chemistry of wood
preservation is the apparent disappearance of the
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phenols from timber impregnated with coal tar creo-
sote. The generally accepted explanation has been
that carbolic acid and the cresols are volatile and
soluble. Most authorities have been content with
this explanation. From the logic of the fact, however,
it does not seem to cover the more complex members
of the series. Some of those found in creosote are
non-volatile without decomposition under ordinary
pressure and have been carried over into the distillate
by the oil. These phenols are also less soluble than
the bases which are found in old treated timber.
In an earlier article it has been shown that the phenols
are, if anything, less subject to evaporation than the
oil fraction in which they are contained.

The only solution to their apparent disappearance
would seem to be that they have been so altered in
the process of time that they no longer can be found
by the regular method of analysis. In accordance
with this theory, experiments were conducted with
a view of following and detecting the changes in the
phenols of a high-boiling oil on exposure to the air.

First, the freshly distilled oil containing 7.2 per
cent. of tar acid was exposed. It changed with con-
siderable rapidity from a clear reddish color to a
brownish black. The same oil with the phenols
removed changed very slightly. :

On extracting the tar acids from the blackened oil
in the ordinary way with dilute caustic soda, it became
much lighter in color and a black tarry layer separated
out between the oily and aqueous liquids. This
tarry substance was insoluble in benzole and only
very slightly soluble in water, though readily so in
acetone.

On weighing the phenols and tarry matter the
results showed phenols, 6.77 per cent.; tarry matter,
o.47 per cent. The original freshly distilled clear
oil when shaken with caustic soda precipitated no
tarry material.

In the next tests some high-boiling tar acids were
exposed on a watch glass for six months. The original
phenols were entirely soluble in benzole. Those
that had been exposed to the air, however, were
only partially so, though readily soluble in acetone.:
A portion of that soluble in benzole was re-exposed
for a period of two months. Again it became partially
insoluble. The rest was analyzed for phenols in
the usual way. It precipitated a tarry layer with
caustic soda equal to 539% of its weight; the remaining
47 per cent. were recovered from the acidified liquid.
The tarry products from both these experiments
had a sharp acid taste much stronger than that of
the oil. This tarry substance is curious in its behavior.
A portion of it, while insoluble in caustic soda solu-
tion is soluble in water, resembling in this respect
a soap. After the water-soluble portion has been
washed out, some of the remainder becomes soluble
again in the original oil or benzole. This can be
partially, though not completely reprecipitated by
the alkali. The remainder which is insoluble in either
water or benzole is not changed in this respect by
neutralizing with acid.

It would appear from these facts that the phenols
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go through three stages of oxidation: (1) To a prod-
uct insoluble in a 1o per cent. alkali solution, but
soluble as an alkali salt in water.
oxidized to a product which will form a salt with
an alkali, but hydrolyzes on dilution; in other words,
stable only in an excess of caustic soda. (3) The
end product with a very slight affinity for caustic
"soda, probably held in solution in the oil only by the
unchanged and partially changed phenols. The origi-
nal tarry matter on being heated cokes very easily,
losing only about 15 per. cent. of its weight.

The methods used to extract the oil from impreg-
nated timber for analysis have been, so far as I have

been able to find out, to treat (1) with benzole, (2) with

toluole, (3) with ether, and (4) with absolute alcohol.
It will be noted that the first three methods could

not extract the final oxidation product of the phenols,

whereas the last one could. Nevertheless, the ex-
tract from the last method would show only a trace
of phenols by the ordinary test because the common
practice of distilling the oil before analysis would
coke or decompose the oxidized phenols.

An extraction was made of some chips from the
surface of a creosoted tie which had been in the ground
from 1879 to 1906 and exposed to the air from then
until 191x. Twenty grams of this wood completely
extracted with benzole gave 0.78 gram of oil. This
was redissolved in benzole and extracted with caustic

soda. It gave a trace of phenols and o.o14 gram of
tarry matter, or about 1.8 per cent. on the oil. The
wood was then extracted with acetone. It gave

0.63 gram of a black, pitchy mass, a small portion
of which was soluble in ether, but the whole readily
soluble in absolute alcohol. It was slightly soluble
in caustic soda, giving a yellowish coloration and a
distinct, pyridine smell. It was sharp to the taste,
resembling coal tar. On heating, it gave off a small
amount of pungent gas, the remainder turning to coke.

This acetone extract probably contained some
phenolic and basic products and some oxidized hydro-
carbons, and a slight amount of resin dissolved from
the wood. ;

The above experiments seem to show that the higher
coal tar phenols will not volatilize, from creosoted
wood, but remain as more complex oxidation prod-
ucts insoluble and non-volatile in character and
presumably with good antiseptic qualities, though
whether these have been impaired or improved by
the change is yet to be determined. At any rate,
these oxidized phenols would seem to have to a con-
siderable degree the three properties of prime im-
portance in a wood preservative, namely, non-vola-
tility, antiseptic qualities and insolubility.

LABORATORY,
SAMUEL CapoT, INC.,
BOSTON.

THE FLUIDITY OF FISH OIL MIXTURES AS AN
ADDITIVE PROPERTY.
By GEORGE F. WHITE.
Received December 4, 1911,
The increasing adulteration of vegetable oils by
fish oils as well as the substitution of one fish oil by

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

(2) Being further-

267

another, has called forth many attempts to detect
such practices in recent years. In many instances
the chemical properties of the two oils so closely
approximate each other that the ordinary commercial
methods of analysis fail to distinguish either in a
mixture of the two. Thus, it is known that dogfish
liver oil may be offered as a substitute for cod liver

.oil without danger of discovery. especially when the

oils are refined. Ordinary cod oil, used to a large
extent for such purposes as currying, frequently con-
sists of nothing but dogfish, shark, hake, or polluck
oil. Menhaden oil is often used to replace whale
and cod oils.

In order to definitely establish the fact that a cer-
tain sample of oil is a mixture, a great number of
tests must be made, and, of course, these are of value
only as they are accurate enough to detect small
amounts of one oil in the other. A great quantity
of data has been published on the viscosity of oils,
from which many conflicting and erroneous conclu-
sions have been drawn with respect to the connection
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between .this physical property and the composition
of the oil investigated. Thus Kessler and Mathiason,*
in a paper “On the Interpolation Method of Oil
Analysis,” in discussing the properties of oil mixtures,
state that ‘‘neither the viscosity nor the fluidity
of such solutions are necessarily additive, even though
there is no evidence to indicate that either chemical
or molecular compounds are formed.” This state-
ment is directly contrary to the views of Bingham?
who believes that the fluidity of a mixture of two
liquids, which do not react chemically with each other,
is the sum of the partial fluidities of the components.

The object of this investigation was to test the
above theory by mixing various fish oils with each
other in definite proportions by weight and studying

1 THis JOURNAL, 3, 66 (1911). !
2 Z. physik. Chem., 66 1 (1909).
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any relations between composition and viscosity
or fluidity ‘which might become evident.

The correct relationship between viscosity and
composition can be established only by use of a vis-
cosimeter which shall be accurate to at least one
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per cent. The various instruments in use have been

criticized in previous articles’ and it is not necessary
at this time to review their faults. The viscosimeters
devised by Thorpe and Rodger,? by Bingham and

‘White,? and the modification of these latter described -

by the author of this articlet all seem well suited to
the problem mentioned, as they all give results which
probably may be relied upon as having less than
o.2 per cent. error. The viscosimeter used in a study
of the viscosity of fish oils recently describeds was
used to measure the viscosity of the fish oil mixtures,
since the time reauired for a determination (from
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- two to six minutes) was the most favorable for accurate
work.

The whale and white cod liver oils, which were
taken for use in this investigation, were commercial
samples, while the menhaden and dogfish (Mustelus

1 Biochem. Z., 3T, 482 (1911); TH1S JOURNAL, 4, 106 (1912).
2 Phil, Trans., 1854, 307 (1894).

3 J. Am. Chem. Soc., 83, 1257 (1911).

4 See Note 2.

3 Th1S JOURNAL, 4, 106-107 (1912).
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canis) liver oils were extracted from fish obtained
at Woods Hole according to the previously described
method. The mixtures were made up by weight
and allowed to stand at least twenty-four hours before
analysis, to secure complete homogeneity. Following
is a table giving a few of the common constants ob-
tained, the saponification and acid numbers being
expressed as the number of milligrams of potassium
hydroxide required for one gram of oil.

TasLE I.

Oil. Cod livcr.! ‘Whale, Menhaden. Dogfish liver.
Todine No. (Hiibl)...,. 142.60 156.60 128.10 135.90
Saponification No...... 185.80 192.80 16.26 193.00
A cid INORGIRT SRy i 1.82 6.60 6.83 0.94

In the tables below are given the results of viscosity
determinations expressed in absolute units, together
with the fluidity calculated from the average viscosity.
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Specific-gravity determinations of the pure oils were
made in a pycnometer, no measurements being taken
on the mixtures as the densities of these are nearly
enough additive to allow proper calculation of the

small kinetic energy correction in the following

il

formula, used to obtain the viscosity values
mript  vd
8ul 8ril

7 is the viscosity, ! the length and 7 the radius of the
capillary tube, d the density of the oil, and v the volume
of oil passing through the tube; p is the pressure to
which the oil is subjected, and ¢ is the time of flow.

. : TABLE II.—Cop_LIVER OIL.
Viscosity.
Temp.
Degrees. Rt.limb. L.limb. [ Av. Fluidity. Sp. gr.
30 0.3886 0.3882 0.3884 2.575 0.9277
S0 0.2001 0.2005 0.2003 4.992 0.9149
70 0.1187 0.1189 0.1188 8.396 0.9008
90 0.07862 0.07882 0.07872 12.710 0.8900
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TABLE III.—DoGFisH Liver OIL. TABLE VIII (Continued).
Viscosity. Viscosity.
Temp. ¢ Temp. ‘
Degrees. Rt.limb. L.limb. Av. Fluidity. Sp. gr. Degrees. Rt. limb, L. limb. Av. Fluidity.
30 0.4319  0.4319  0.4319 2.315 0.9185 25 Per cent. Whale.
50 0.2133  0.2138  0.2136 4.682 0.9057 30 0.3777 0.3777 0.3777 2.648
70 0.1262  0.1259  0.1261 7.931 0.8932 50 0.1944 0.1946 0.1945 5.141
90 0.08272 0.08293  0.08283 12.080 0.8796 70 0.1156 0.1157 0.1157 8.643
90 0.07754 0.07754 0.07754 12.000
TABLE IV.—MENHADEN OIL. 50 Per cent. Whale.
30 0.6012  0.6025  0.6019 1.661 0.9371 30 0.3686 03689 0:3688 2.711
50 0.2936  0.2938  ©0.2935 3.407 0.9234 50 0.1898 0:1894 0.1896 S5.274
70 0.1683  0.1683  0.1683 5.945 0.9097 70 0.1134 0:1131 0.1133 8.827
90 0.1097  0.1096  0.1097 9.107 0.8965 90 0.07495 (ks £ 0.07493 13340
' A 4 75 Per cent. Whale.
TABLE V.—WHALE OIL. 30 0.3598 0.3596 0.3597 2.780
30 0.3493 0.3477 0.3485 2.869 0.9192 fo kil D159 S e
70 0.1120 0.1115 0.1118 8.945
50 0.1819  0.1824  0.1822 5.489 0.9063 G ST oid7ize 5 G e
70 0.1103  0.1099  0.1101 9.090 0.8912 5 : 3
90 0.07243  0.07238  0.07241 13.810 0.8782

Temp.
Degrees.

30
50
70
90

TABLE VI.—MENHADEN-COD LIVER OIL MIXTURES.

Viscosity.
Rt. limb. L. limb, Av.

1 Per cent. Menhaden.
0.3904 0.3900 0.3902
0.2006 0.2008 0.2007
0.1199 0.1198 0.1199
0.07878 0.07895 0.07887

25 Per cent. Menhaden. ¢
0.4284 0.4300 0.4292
0.2223 0.2223 0.2223
0.1295 0.1297 0.1296
0.08429 0.08429 0.08429

50 Per cent. Menhaden.
0.4765 0.4760 0.4763
0.2394 0.2398 0.2392
0.1405 0.1405 0.1405
0.09118 0.09126 0.09122

75 Per cent. Menhaden.
0.5331 0.5358 0.5344
0.2657 0.2646 0.2652
0.1535 0.1532 - 0.1534
0.09959 0.09943 0.09951

Fluidity.

2.563
4.983
8.340
12.680

2.330
4.482
7.716
11.860

2.099
4.181
7.117
10.960

1.871
3.771
6.519
10.050

TABLE VII.—DOGFISH LIVER-COD L1VER OIL MIXTURES.

Temp,
Degrees.

Temp.
Degrees.

30
50
70
90

Viscosity.
Rt. limb. L. limb. Av.
1 Per cent. Dogfish.
0.3893 0.3903 0.3898
0.2004 0.2005 0.2005
0.1188 0.1188 0.1188
0.07904 0.07879 0.07892
25 Per cent. Dogfish.
0.3995 0.3996 0.3996
0.2037 0.2033 0.2035
0.1209 0.1211 0.1210
0.08000 0.08022 0.08011
50 Per cent. Dogfish.
0.4075 0.4090 0.4082
0.2060 0.2059 0.2060,
0.1249 0.1247 0.1248
0.08114 0.08132 0.08123
75 Per cent. Dogfish.
0.4187 0.4203 0.4195
0.2099 0.2101 0.2100
0.1227 0.1224 0.1226
0.08146 0.08156 0.08151

e

Fluidity.

.569
.987
417
670

—
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480

N 0N

—

450
.854
013
310

N 00 N

R RS
ISR
o
Y

=

TaBLe VIII.—WHALE-Cop LiVER OIL MIXTURES.

Viscosity.
Rt. limb. L. limb. Av.
1 Per cent. Whale.
0.3883 0.3852 0.3868
0.1995 0.1994 0.1995
0.1189 0.1187 0.1188
0.07855 0.07845 0.07850

Fluidity.

2.585
5.013
8.417
12.740

The results are shown graphically in Figs. 1—5.
In Figs. 1—4, fluidities of the oils are plotted as ordi-
nates against composition of the mixtures as abscissas,
the abscissas reading in percentages of cod oil; the
four plots are taken from the fluidity readings at
30°, 50° 70°, and go°, respectively.

The fluidity curves are seen to be linear, and con-
sequently it must be concluded that the fluidities
of these oil mixtures are strictly additive over the
range of temperature studied. According to what
has been said, this confirms in a striking manner
Bingham’s fluidity hypothesis, which requires the
above relationship between fluidity and composition
in non-associated liquids. It has been indicated in
a previous article that these oils are slightly associated,
the fluidity-temperature curve not being a straight
line; but the deviation from a linear function is very
slight. and scarcely to be taken into consideration in
this connection. Therefore, if the fluidity of a mix-
ture of two oils is measured, and that of the constitu-
ents is known, the composition of the mixture may be
calculated. It has been shown? that the viscosity
of these oils is characteristic and fairly constant if
the different samples of oil are obtained under similar
conditions; fluidity data should then add to the knowl-
edge desired, regarding the detection of adulteration
in oils. Of course, taken alone, the fluidity would
hardly be of great value in detecting any such adultera-
tion, but when considered along with the results of
other tests simultaneously applied, it furnishes addi-
tional evidence concerning the character of the oil
studied.

The mixtures of one part of one oil to ninety-nine
of the other were made up to test the accuracy and
delicacy of the method. The introduction of this
one per cent. of oil was readily detected by the vis-
cosimeter used, and ' the fluidity of these mixtures
was found to conform to the additive relationship.

Since the fluidities are found to be additive, the
viscosity should be a hyperbolic function of the com-
position. The relation between the viscosity and the
composition is shown graphically in Fig. 5, the tem-
perature being 30°. The curve for the menhaden-cod
mixtures deviates markedly from a straight line, that
for the dogfish-cod mixtures less so, while the viscosity

1 THIS JOURNAL, 4, 109 (1912).
20bid.
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of the whale-cod mixtures presents a linear function.
The menhaden oil has a viscosity which varies from that
of the cod to the greatest extent of any of the oils, and
we should expect that curve to evidence the greatest
curvature. These facts coincide with the following
mathematical deduction of the relation between
fluidity and composition suggested by Bingham.

Since the fluidity is a linear function of the compo-
sition, this may be expressed by the formula

Q=0 11(9; = 0% (1)
where ¢ represents the fluidity of the mixture, g,
and ¢, that of the two components, the latter being
supposed to be the more fluid, and x the percentage
of the latter in the mixture. The corresponding
viscosity equation is

1/n = ¢ + (9, — 91)x,
where ¢, and ¢, are constants and 7 and x are variable,

or
I

N ; (2)
9; (9, — 9%
The curvature is therefore
2(0ii=— o)) [0 k{0, — ‘?l)x] )

" ‘[‘[‘?1 (9 == 9)%]t + (9, ==9)2 }

By differentiating this curvature in respect to the
-concentration x, and equating to zero, we obtain
the concentration where the curvature of the viscosity
curve is a maximum to be

/
‘P e ‘?1
Substituting this value in equation (3), one obtains
the amount of curvature where the curvature is a
maximum to be

keE ©)

It follows, therefore, as a necessary consequence of
the assumption that fluidities are additive that:
1. The curvature obtained by plotting viscosities
is greatest when the difference between the fluidities,
1. e., 9, — ¢,, is large, and becomes zero when ¢, — ¢, =
o [cp. equation (5)].

2. The curvature obtained by plottmg viscosities
must continually decrease as the concentration in-
creases unless the square root of ¢, — o, is greater
than g, in which case the point of greatest curvature
will be found at some positive concentration [cp.
equation (4)].

3. Mathematically considered the curvature is de-
pendent only upon the difference in the fluidities of
the components, 7. ¢., 9, — ¢, and not upon ¢, [cp.
equation (3)], but since we can only realize positive
values of x, it follows that for a given value of ¢, — o,
the curvature at any concentration will be greatest
when ¢, is very small.

That the curvature is greatest when the fluidities
are quite unequal has already been noted by observers.*

1 Thorpe and Rodger, J. Chem. Soc. (London), 71,361 (1896). Bmzhm‘n.
Am. Chem. J., 35, 195 (1906).
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That the curvature is greatest when the viscosities
are great has also been observed in the measurements
of the viscosity of undercooled* and other very viscous
liquids. It has caused some bewilderment, but we
believe that the cause of this peculiarity has never
before been given. The conclusion that the curvature
is not uniform, is also clearly shown in the case of
very viscous liquids. It is not shown very well by
the curves which are given in this paper because the
fluidities. of the components *are not sufficiently un-
equal.
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In conclusion, it is possible that the fluidities and
viscosities of oil mixtures may be simultaneously
additive, but it seems to be a perfectly general rule
that the fluidity is invariably a linear function of the
composition so long as there is no marked action be-
tween the components. :

I wish to express my gratitude to Dr. Eugene C.
Bingham for valuable suggestions with regard to this
investigation.

LABORATORIES OF RicHMOND COLLEGE,

RicuMonD, VA, and U. S. BUREAU OF FISHERIES, o
Woops HOLE, MASS.

COMPARATIVE VALUE OF IRRIGATED AND DRY-
FARMING WHEAT FOR FLOUR PRODUCTION.
By ROBERT STEWART AND C. T. HIRST.
Received Nov. 10, 1911.

The Chemical Department of the Utah Experiment
Station has been conducting investigations during
the past eight years regarding the milling, chemical
and baking characteristics of different varieties of
wheat grown under irrigated and dry-farming con-
ditions. A great many varieties of wheat have been

1 Tammann, Z. physik. Chem., 28, 17 (1898).
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investigated, many of which were imported from
different sections of the country. The dry-farming
varieties of wheat have been grown on the several
experimental dry farms, while the irrigated varieties
have been grown on the irrigated farm located in the
Cache Valley at Greenville.

In 1908, a preliminary report of these investigations
was published.r Some very important results were
obtained.
were characterized by a low moisture and a high
protein content. The fact that dry-farming wheats
have a low moisture content is important. A dif-
ference of one per cent. in moisture in a large con-
signment of wheat renders the wheat having the
lower moisture content of higher intrinsic value.
It was found that the protein content of the flour
produced from the durum varieties of wheat was
17.64 per cent. The protein content of the flour
produced from the common bread varieties of wheat
was found to be 16.79 per cent., whilg -the protein
content of the flour produced from irrigated wheat
was found to be 13.34 per cent., thus clearly indi-
cating the higher protein content of the flour pro-
duced from dry-farm wheats. It was found, however,
that in many cases the millers were unable to pro-
duce good flour, from the baker’s point of view, from
the wheat they obtained from the farmers. These
investigations showed that this was due to two causes:
first, the most common variety of wheat grown in
the state, the Gold Coin, contained the lowest pro-
tein content of any of the varieties of wheat tested;
second, the farmers were not united on any one par-
ticular variety of wheat or any few varieties, but
each farmer was governed in his choice of the variety
by his own personal inclinations, irrespective of the
quality of wheat grown. The work clearly demon-
strated the necessity of uniting on one or two varieties
of wheat to be grown by the farmers for bread-making
purposes, and it also clearly demonstrated the ne-
cessity of uniting upon the variety of wheat having
a high protein content, good chemical, milling and
baking characteristics.

Since the publication of thisbulletin, the work has been
_ continued and the summarized results obtained by the
three-year investigations, 19o7—8—9g, are given herewith.

The summarized results for the yield of milling
products of spring and winter dry-farming and irri-
gated wheat during the years 19o7-8-¢9 are recorded
in Table 1.

TABLE L—SUMMARIZED RESULTS FOR YIELD OF MILLING PRODUCTS.
R1SULTS RECORDED AS PER CENT. OF DRY WEIGHT.

e
T
)
e T i "
A8
) e e = = 177} =
Irrigated wheat, 25" water..... 10 4.008 68.08 23.39 8.52 —0.01
Irrigated wheat, 15" water..... 10 4.065 69,24 22.94 8.10 +40.28
No irrigation?. i o i 10. 3,569 67.88 24.75" 7.11° —0.26
Winter dry-farm wheat...... 136 3.004 69.21 22.45 8.31 —0.03
Spring dry-farm wheat.... ... 17 3.106 66.09 20.95 12.13 -—0.83

1 Stewart and Greaves, Bull. 103, Utah Experiment Station.

2 Wheat grown on irrigated land but receiving no irrigation water
during the growing season; used as a check on application of varying
amounts of water.
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The weight per 100 kernels of the irrigated wheat
is greater than that of either the spring or winter
dry-farming wheat. The yield of flour, bran and
shorts shows nothing characteristic for the wheats
grown under different conditions.

The results obtained for the moisture content of
the flour, wheat, shorts, and bran are brought to-

“gether in Table II. ;

TABLE II.—SUMMARIZED RESULTS FOR MOISTURE IN FLOUR, WHEAT,
SHORTS AND BRAN.

Bran.

Tests, Flour. Wheat. Shorts.
Irrigated wheat, 25 inches water.... 10 10.41 8.46 9.41 8.54
Irrigated wheat, 15 inches water. . 10 10.41 8.50 9.36 8.36
Norrigation st e, 10 10.43 8.44 9.35 7.68
Winter dry-farm wheat.......... 136 9.89 8.11°°9.23 % 8.74
Spring dry-farm wheat........... 19 10.29 8.12° 9:85  8.75
The moisture content is low in every case. The

moisture content of the irrigated wheat is higher
than. that of the dry-farm wheat. The moisture
content of the bran is practically the same as that
of the wheat. The moisture content of the flour is
about two per cent. higher than that of the wheat,
while that of the shorts is about one per cent. higher
than the wheat.

The results for the protein content of flour, wheat,
shorts and bran are brought together in Table III.

III.—SUMMARIZED RESULTS FOR PROTEIN IN FLOUR, WHEAT,
SHORTS AND BRAN.

TABLE

Tests. Flour. Wheat. Shorts. Bran.
Irrigated wheat, 25 inches water. . 10 12.63 14,00 16.40 18.87
Irrigated wheat, 15 inches water. . 100 12.92 14.35° 16.89 18.66
Norrigationssa vl SRt 10 13.62 15.45 17.67 19.32
Winter dry-farm wheat.......... 136 14,64 15.76 18.27 20.87
Spring dry-farm wheat........... 19 15.74 16 .85 19.17 20.39

It is thus seen that the lowest protein content is
found in the irrigated wheat. This has been pre-
viously observed at this experiment station.® The
result obtained for the same varieties of wheat grown
on the same land but receiving no irrigation water
clearly indicates that the decrease in protein is due
to the influence of the water and not to differences
in varieties grown on irrigated and dry-farming land.
This difference is also observed in the flour, bran and
shorts. It is manifest to a greater degree, however,
in the flour when the yield is taken into consideration.
The difference in the amount of water applied to the
plots receiving 25” and 15” of water is not sufficient
to make any marked difference in the amount of
protein in the wheat, flour, bran and shorts, although
a slight difference is noted. The difference between
the protein content of wheat which had received 23
inches of irrigation water and the spring dry-farm
wheat is 2.85, the difference in the protein content
of the flour produced from these wheats 3.11, while
that of the shorts and bran is 2.77 and 1.42 per cent.,
respectively.

The summarized results obtained for the chemical
composition of the flour produced from spring, winter
and irrigated grain are recorded in Table IV.

1 Widtsoe, Bull. 80, Utah Experiment Station.
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TABLE IV.—SUMMARIZED RESULTS FOR CHEMICAL COMPOSITION OF FLOUR.

; S
b E & SE
8 s = .
% 2 12 374 2 %
g © g i o £5 4
b = &~ - =] [ <
Irrigated wheat, :
25 water oLl 10 10.41 12,63 34.05 11.72 2073:1490:578
Irrigated wheat,
15Uweterss uiael0 10.41 125924232155 11.63 2.79:1 0.544
No irrigation.... 10 10.43 135625235718 12.58 - 2.79:1 0.552
Winter dry-farm 136 9.89 14 .64 40.14 14.14 2:85:1:° 0.529
Spring dry-farm 18  10.29 15,74 44.12 15.32 2.86:1 0.689

The flour produced from the winter dry-farm
wheat has a slightly lower moisture content than
the flour produced from the other kinds of wheat.
The protein content of the flour produced from the
wheat receiving the greatest amount of irrigation
water is 3.11 per cent. lower than that produced from
spring dry-farm wheat and 2.01 per cent. lower than
that produced from dry-farm winter wheat. In case
of the irrigated varieties of wheat, as the amount
of water applied decreases, the protein content in-
creases. The protein content of the flour produced
from wheat which received no irrigation water is
one per cent. greater than that produced from wheat
receiving an application of 25 inches notwithstanding
the fact that the seed wheat in both cases was the
same and the non-irrigated wheat was grown on land
which had been irrigated in previous years. The moist-
and dry-gluten content of the flour produced from the
irrigated wheat is considerably lower than that pro-
duced from either spring or winter dry-farm wheat.

The summarized results for the bread-making value
of the flour produced from spring, winter dry-farm
grains and the irrigated grains are recorded in Table V.

TABLE V.—SUMMARIZED RESULTS FOR BREAD-MAKING VALUE.

. ey i
o o0 o3
. = Woe O P
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Irrigated  wheat,
25 water.i.. .. 10 204 104 1:16.4 474 1605 1512751
Irrigated  wheat,
15U wateritol. 10 185 105 1:14.3 475 1630 1:126.2
Noirrigation...... 105 7204 5109 =12 1551 4 479 16550 121215
Winter dry-farm. 108 195 104 1:13.3 474 1681 1:114.8
Spring dry-farm, .. 11 7227 124  1:14.4 494 1841 * 1:117.0

The ratio of protein to volume of water added is
marrower in case of the dry-farm grains. The volume
of loaf made from dry-farm flour is slightly greater
than that produced from irrigated flour. The ratio
of protein to volume of loaf is narrower in the dry-
farm flour than in the irrigated flour.

The investigations extending over a period of eight
years clearly demonstrate the fact that the dry-farm
grains in Utah are characterized by a low moisture
content and a high protein content. They also
clearly indicate that the protein content of the dry-
farm wheats is higher than the protein content of
the wheat on irrigated farms.

CHEMICAL LABORATORY,
UTAH EXPERIMENT STATION,
LocaN, Utan.
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THE INFLUENCE OF CARBON UPON NITRIFICATION.
By H. W. CLARK AND GEORGE O. ADAMS.
Received November 24, 1911,
During the past twenty-three years many experi-
ments have been made at the Lawrence Experiment

~ Station of the Massachusetts State Board of Health

to determine the effect upon nitrification of an excess
of a number of substances which may occur naturally
in sewage or may at times find their way into it. The
substances previously studied—the results in regard
to which have been given in the various reports of
the Station and especially in that of 19o8—-have
been albumen, peptone, ammonium chloride and
sodium carbonate, sulfuric acid, saltpeter, common
salt, sugar, soap, urine, free oxygen, phenol, mercuric
chloride, formalin, arsenic, naphthalene, sulfides, bleach-
ing powder and copper sulfate. As stated in the con-
clusions of the summary of this work in the report
of 1908, ‘“‘the experiments illustrate the adaptability
of the nitrifying body to the conditions imposed and
establish another fundamental law of sewage puri-
fication that if nitrification is to continue in the pres-
ence of an excess of any substance, the filter must
become slowly accustomed to the presence of that
substance by application of it in gradually increasing
amounts; that when once accustomed to considerable
amounts of any substance, the process of nitrification
will proceed unimpaired.” It, of course, follows,
however, that a great excess of any substance inimical

- to nitrification will prevent nitrification.

In the various investigations necessitated by the
work of the State Board of Health, many experiments
have been carried on in regard to the purification of
mill wastes by filtration, many of these wastes con-
taining large amounts of carbonaceous and small
amounts of nitrogenous matter. It appeared from
this work that at times with many of these wastes
and at all times with some of them, good purification
and a satisfactory effluent could be obtained when
nitrates were not found in the effluents of the filters
operated. Studies of this phenomenon appeared
to show that whether nitrification occurred or not
depended upon the relation of the amount of car-
bonaceous to nitrogenous matter present in the liquid
or waste undergoing treatment; that is to say, nitri-
fication could apparently proceed when the amount
of nitrogen was represented by x and carbon by 1ox
but would be eliminated when the carbon was increased
to 12 or 15x. In order to make a thorough investi-
gation of this subject, certain experimental filters
were put into operation early in the year 1gro and
the work has continued until the present time (Sep-
tember, 1911). The method has been to apply to
the sand filters used, Lawrence sewage freed from
matter in suspension to which has been added some
body rich in: carbon. Practically all the carbon and
nitrogen applied has been in solution and by this
means surface clogging and storage of organic matter
in the filters has been prevented.

The bodies added to the different filters with the
sewage, have been sugar, molasses, butyric acid,
alcohol and filtered wool-scouring waste, and these
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filters have been operated generally at a rate of 50,000
gallons per acre daily. Careful and frequent determina-
tions of the relation between the carbon and the nitro-
gen in the liquid applied have been made and also
frequent analyses of the effluent from each filter.
The carbon values were calculated in the case of
sugar, alcohol and butyric acid, the composition of
which was known, and in the case of molasses the
approximate composition of which could be calcu-
lated. The carbon content of the sewage used and
of the filtered wool-scourings were calculated from
data obtained from other experiments upon the re-
lation between loss on ignition and carbon.* While
it is not feasible to present in this article the full data
in regard to this investigation, the data in regard to
the operation of several filters are given beyond to
show the general method followed and the results
obtained. In all, twenty filters have been operated.
In the operation of the filters the carbon-containing
bodies have generally been added in slowly increasing
amounts, while the nitrogen applied has been kept
constant. During thg period when the ratio of carbon
to nitrogen has remained low, active nitrification has
occurred in each filter and high nitrates have been
presentt in their effluents. When nitrification has been
checked by the large amounts of carbon applied,
each filter has been continued in operation long enough
to prove conclusively that nitrification would not
again become active until the ratio of carbon to nitro-
gen was considerably reduced and also long enough
to prove that good purification continued without
nitrifying conditions. in the filter. In all instances
several duplicate experiments with the same carbon-
aceous substance were made in order to prevent
errors in our work and conclusions. Experiments
were also made showing that when nitrification had
been checked, but not entirely stopped by the carbon,
it would be re-established by increasing the amount
of nitrogen in the liquid applied and keeping the
carbon constant, this, of course, reducing the ratio
of carbon to nitrogen. It was also found that when
ammonium chloride was added to the sewage, nitri-

fication was not checked by carbonaceous bodies

even when added in very large amounts.

The main results of these experiments can be sum-
marized as follows:

When sugar was added in such amounts that the
applied liquid contained less than 50 parts of carbon,
nitrification was stopped in three separate experi-
ments when the average carbon to nitrogen ratio
was 13, 14 and 15. When the ratio was 11.6, 1I.I
and 11.0, nitrification was not seriously checked.
When nitrogen as NH,Cl was added, nitrification
took place even when 200 parts of carbon as sugar
was present in the applied liquid, and the ratio of
carbon to nitrogen was 10.8. When molasses was
added with the sewage, nitrification was stopped
when the average carbon to nitrogen ratio was above
12, but active when this ratio was 1o and 1x. With
butyric acid, nitrification was not seriously impeded
when the average carbon to nitrogen ratio varied

1°THIS JOURNAL, 3, 738.
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between 13 and 16, but was prevented when the
carbon to nitrogen’ ratio was 27. When nitrogen as
NH,Cl was added with the butyric acid, nitrification
took place even when acid equivalent to 200 parts
carbon was present, the ratio of carbon to nitrogen
being 14.0. With alcohol, nitrification was active
when the average carbon to nitrogen ratio was 13 and

.13.8, but was stopped when the average ratio was
15 and 16.

When nitrogen as NH,Cl was added with
the alcohol, goo parts of alcohol equal to 160 parts
carbon could be applied to the filter and nitrification
remain active, the carbon to nitrogen ratio under
these conditions being 12.2. With filtered wool-
scouring waste diluted with water, nitrification con-
tinued as long as the carbon to nitrogen ratio was
below 14, the carbon running up to 3350 parts per
100,000 but was stopped when the carbon to nitrogen
ratio was increased to 17 by the addition of sugar.

Data in regard to three of these filters follow, and
it will be noticed that even when nitrification ceased
and the filters continued in operation, the amount
of free and albuminoid ammonia present in the effluents
of these filters was little, if any, greater than when
nitrification was active. This occurred although
the same amount of nitrogenous matter was being
applied as when nitrification was active.

As stated in the beginning of this article, these
results are similar to those obtained frequently with
mill wastes and occasionally with domestic sewage
and show that purification can take place in certain

- filters under the conditions imposed by the addition

of large amounts of carbonaceous matter even although
nitrification in the filter ceases. This purification
without nitrification is due to certain bacteria which
are active under conditions which prevent nitrifica-
tion but cause chemical actions which break down
organic matter and result in the setting free of car-
bon dioxide and nitrogen. It is distinctly dif.crent
from the action sometimes occurring in contact filters
where the nitrates formed do not appear in the effluent,
as in such filters further oxidation of organic matter
is accomplished within the filter by the use of the
oxygen of these nitrates and their consequent reduc-

tion. The intense activity of the filter in changing
FILTER RECEIVING SEWAGE TO WHICH MOLASSES WAS ACriD. ANALYSES
AT INTERVALS.
(Parts per 100,000.)

Free ammonia: .

Applied liquid........ 4.30 2.28 3.03 2525 2.40

Effluent from filter..... 0.188 0.14 0.15 0.27 0.27
Albuminoid ammonia:

Applied liquid........ 0.33 0.31 0.39 0.39 0.42

Effluent from filter.... 0.026 0.036 0.04 0.042 0.046
Oxygen consumed:

Applied liquid........ 12.14 16.99 19.10 23.80 23.80

Effluent from filter.... 0.22 0.26 0.35 0.31 -0.39
Kjeldahl nitrogen: .

Applied liquid........ 0.67 0.76 0.76 0.85 0.84
Nitrogen as nitrites:

Effluent from filter.... 0.0016 0.0014 0.0012  0.0004 0.0002
Nitrogen as nitrates:

Effluent from filter.... 2.52 2.18 2.01 0.84 0.10
Total carbon:

Applied liquid........ 34.8 50.4 55.5 68.5 68.5
Ratio C/N:

Applied liquid........ 8.3 16.1 17.0 24.4 24.3
Per ccnt.‘applied nitrogen :

in effluent. o oo oot 65.0 75.0 68.0 39.0 15.0
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carbonaceous matter to the gaseous form, and its
liberation and disappearance in this way, is strikingly
shown by the oxygen-consumed results of the applied
liquid and effluent. The loss of nitrogen by its libera-
tion can be seen by the figures showing the percentage
of that applied appearing in each effluent during
different periods of operation of each filter.

FILTER RECEIVING

SEWAGE TO WHICH BUTYRIC ACID WAS ADDED.
ANALYSES AT INTERVALS.
(Parts per 100,000).

Free ammonia;:
Applied liquid.... 3.03 3,03, 2.70 2.98 2.98 2.98 2.98
Effluent from filter 0.22 0.12 0.18 0.088 0.17 0.148 0.13
Albuminoid ammonia:
Applied liquid.... 0.25 0.25 0.20 0.25 0.27 0.27 0.27
Effluent from filter 0.028 0.02 0.014 0.036 0.036 0.038 0.044
Oxygen consumed:
Applied liquid.... 2.69 2,69 2.00 2.00 2.00 2.00 2.00
Effluent from filter 0.21 0.23 0.22 0.26 0.18 0.22 '0.21
Kjeldahl nitrogen:
Applied liquid..... 0.64 0.64 0,50 0.64 0.65 0.65 = 0.65

Nitrogen as nitrites:
Effluent from filter 0.004

Nitrogen as nitrites:
Effluent from filter 0.75

0.002 0.0012 0.0006 0.0006 0.0006 0.0006

0.63 1.01 2.40 0.34 0.05 0.05
Total carbon:
Applied liquia... 37.6 37.6 37.6 54.0 84.7 84.7 84.7
Ratio C/N:
Applied liquid... 12.0 12.0 13.8 1725, 27.4 27.4 27.4

Per cent. applied ni-

trogen in effluent 32.0 25.0 44.0 82.0 18.0 8.0 8.0

FILTER RECEIVING SEWAGE TO WHICH SUGAR WAS ADDED. ANALYSES
AT INTERVALS. !
(Parts per 100,000).
Free ammonia;

Applied liquid.... 3.30

3.82 3.84 2.88 3.03 2.25 .40

Effluent from filter 0.02 0.022 0.024 0.018 0.034 0.05 0.14
Albuminoid ammonia:

Applied liquid.... 0.25 0.24 0.27 0.21 031960 19 558 011 7

Effluent from filter 0.02 0.012 0.016 0.026 0.02 .0.022 0.022
Oxygen consumed:

Applied liquid..., 1.60 14.22 13.40 13.50 15.50 13.90 14.00

Effluent from filter 0.13 0.12 0,18 0.16 0.18 0.14 0.15
Kjeldahl nitrogen:

Applied liquid.... 0.47 0.56 0.45 0.76 0.36 0.45 0.34

Nitrogen as nitrites:

Effluent from filter 0.0040 0.0012 0.0004 0.0004 0.0004 0.0002 0.0002
Nitrogen as nitrates:

Effluent from filter 3,11 1.39 2.65 2.86 1.43 0.67 0.04
Total carbon: !

Applied liquid.... 4.7 40.7 39.2 41.6 45.5 46.0 43.3
Ratio C/N:

Applied liquid.... 1.5 11.0 10.9 14.7 1559542030 18.4
Per cent. applied ni-

trogen in effluent 99.1 38.5 74.7 104.0 52.0 33.0 9.0

MILL WASTE FILTERS.

The following table shows the average results ob-
tained during the past fifteen years of a number of

Applied waste.

(Parts per 100,000.) Effluent.
e (Parts per
Approxi- 100,000.)
mate Nitrogen
Total amount of Ratio as
Waste from: Nitrogen. carbon. C/N. nitrates.
D yermny Cotton I e s non e 0.58 41.6 71.0 0.02
Washing and dyeing cotton..... 0.76 21.8 28.6 0.01
Dyeing and finishing..... e 057 11.4 20.0 0.00
Dyeing and finishing........... 0.27 5.2 19.2 0.07
Cotton batting................ 1.25 21.9 17.5 0.04
Carpet mill e S A Sie s Sl o 2.24 3.6 16.1 0.05
Dyeing and finishing........... 1.80 26.8 14.9 0.10
Scouring and dyeing........... 0.91 10.8 11.9 0.37
Effluent from carpet mill filter
N OS2V it Thaiesaaeianis 0L 93 8.5 8.9 0.32
Binders’ board ... .. ... a. .. 0.49 4.0 8.1 0.11
Shoddy mill ...... S v 1A 0.77 4.0 5.2 1.01
S TANnery G SRR e 4.65 19.4 4.0 3.63
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filters operated with various mill wastes. The effluents
from all these filters have been . stable and usually
clear and odorless. It will be noticed that where
the ratio of carbon to nitrogen in the waste applied
to the filter is around 1o, there has been nitrifica-
tion. In the case of the carpet mill waste, the first
filter gave no nitrification because the carbon to nitro-
gen ratio was 16.1. This filter reduced the carbon
to nitrogen ratio of the liquid to g.o so that when
applied to a second filter, nitrification took place in
the secondary filter.

LAWRENCE EXPERIMENT STATION,
MAsSS. BOARD OF HEALTH,

ACIDITY IN WHEAT FLOUR; ITS RELATION TO
PHOSPHORUS AND TO OTHER
CONSTITUENTS.

By C. O. SWANSON.
Received Jan. 25, 1912.

The investigation of the relation between chemical
composition and the baking qualities of wheat flour
is one of the major lines of investigation followed
by the Chemical Department of the Kansas State
Agricultural College Experiment Station. The chem-
ical work in connection with this paper was done
by Mr. John W. Calvin, Assistant Chemist, and Miss
Leila Dunton, Fellow in Chemistry.

In our work on commercial flours it was noticed
that there was an unmistakable relation between the
percentages of acidity and the percentages of ash,
amino compounds, total and water-soluble phos-
phorus. It was also noted that the acidity value
and the related compounds depended to a large ex-
tent upon the method of milling. The presence of
varying amounts of bran fiber or germ was more
pronounced than any other factor.

To eliminate these factors of unknown influence
it was decided to work on flours from different mill
streams. The advantage of such flours was that
their origin in relation to the different portions of
the wheat kernel was better known. Also such
flours would differ from each other to such an sxtent
that small variations in the results due to experi-
mental error would have less influence. In fact
the differences on most of such flours are so great
that the experimental error can in no way influence
the main results. The ‘description of the flours is
given below. The wheat from which all these flours
were made is also included. The serial numbers
are the ones used throughout the discussion:

.
SERIAL NO. DESCRIPTION OF SAMPLE, GIVING SOURCE.
389 ‘Wheat from which the following twenty-six flours were made.
390 Patent flour, seventy per cent.
391 Clear flour, twenty-seven per cent.

392 TLow-grade flour, three per cent.

393 First break flour, part of the clear.

394 Second break flour, part of the clear.

395 Third break flour, part of the clear.

396 Fourth break flour, part of the clear.

397 Fifth break flour, part of the clear.

398 First middlings flour, part of the patent.
399 Second middlings flour, part of the patent.
400 Third middlings flour, part of the patent.
401 Fourth middlings flour, part of the patent.
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402 Fifth middlings flour, part of the patent.

403 Sixth middlings flour, part of the clear.

404 Seventh middlings flour, part of the clear.
405 First sizings flour, part of the patent.

406 Chunks flour, part of the patent.

407 Second sizings flour, part of the clear.

408 B middlings flour, part of the clear.

409 First tailings flour, part of the clear.

410 Second tailings flour, part of the clear.

411 Second low-grade flour, part of the low-grade.
412 Bran duster flour, part of the low-grade.

413 Ship duster flour, part of the low-grade.

414 Roll suction stock, part of the low-grade.

415 Stock going to fourth middlings from second sizings.

~ The chemical analyses of these flours for ash, pro-
tein, fat, acidity at 25° C. and 40° C., amino com-
pounds, water-soluble phosphorus at 25° C. and 40°
C. and total phosphorus are given in the accompany-
ing table. The ash was determined by the calcium
acetate method. The acidity was determined under
two conditions: (1) the usual method, one-half hour
extraction (room temperature about 25° C.) and (2)
two hours’ extraction at 40° C. That this latter
method gives the maximum acidity was determined
in ‘a separate trial. The extracts from the acidity
determinations were used in the determination of
soluble phosphorus. The amino compounds were
determined as follows: Eleven grams of flour were
placed in a 6oo cc. Erlenmeyer flask and 400 cc. of
a 19 solution of sodium chloride added. The whole
was thoroughly shaken and the shaking repeated
every ten minutes for one hour. It was then allowed
to settle for thirty minutes when a little over 200 cc.
were filtered off. To exactly 200 cc. of the filtrate
were added 20 cc. of a 109, solution of phospho-
tungstic acid. This was allowed to stand over night
and then filtered. This filtrate was perfectly clear:
200 cc. of the filtrate were placed in a Kjeldahl flask,
5 cc. of sulphuric acid added, placed over a burner
and the solution evaporated to 25 cc. More sul-
phuric acid was then added and the nitrogen deter-
mination finished in the regular way. The amino
compounds were calculated as proteins. The per-
centage of the total phosphorus which is water-soluble
was calculateu and these figures are given in the last
column.
ASH CONTENT.

The ash percentage increases in almost the same
proportion as the flour contains fibrous branny ma-
terial, or as the flours are taken from the portion of
the wheat kernel next to the bran. The fifth break
flour is highest in ash percentage, and the first break
flour is next. The relatively high ash percentages
of the first break flour is due to the incorporation of
bran fibers when the flour is made, but in the fifth
break the high ash content results from two causes:
(1) the incorporation of bran fiber as in the first
break and (2) the material in the wheat kernel next
to the bran contains nore mineral matter than the
interior of the kernel. This assumption is based
on the composition of these mill streams in general.
The middlings flours are lowest in ash. These are
made from the interior portion of the kernel and by
means of the purifiers they are very carefully freed
from bran fibers, The flour from the chunks has a
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higher ash percentage than any of the streams which
go into the patent flour. These chunks contain a
relatively large amount of bran fiber and in grinding
some of these fibers get into the flour. The ash
content of bran and shorts is ten times that of flour.
The percentage of ash furnishes a very good indica-
tion of the quality of the flour as far as that is related
to the method of milling. :

ACIDITY.

The acidity values, at 40° two hours’ extraction,
show very clearly what portion of the wheat kernel
the flour comes from.

As all these flours were made from the same wheat
the effect of the unsound grain is eliminated. The
presence of bran fiber, germ, or portions of the wheat
kernel next to the bran, will largely influence the
acidity values, probably more than unsoundness.

AMINO COMPOUNDS.

The amino compounds vary almost identically as
the acidity and the same factors which influence the
acidity also influence the percentage of amino com-
pounds.

PHOSPHORUS.

The total and water-soluble phosphorus show the
same variations as the acidity and the amino com-
pounds in relation to the portion of the wheat kernel
from which the flour is taken.

The water-soluble phosphorus content, obtained
by both methods of determination, varies with the
total phosphorus, but not in the same proportion.
The phosphorus soluble at 40° C., two hours’ extraction,
increases in a larger ratio in the lower mill streams
than the phosphorus soluble at 25° C., half an hour's
extraction.

The first middlings flour has the lowest percentage
of water-soluble phosphorus followed closely by the
patent flour and the second and third middlings.
The amount of water-soluble phosphorus in the mid-
dlings increases as the number of designations of re-
duction increases. This statement is also true of the
break flours. In all the lower streams, the percentage
of water-soluble phosphorus is high as compared with
the middlings flours.

The baking tests, made by Miss Dunton, showed
clearly that the percentage of water-soluble phos-
phorus has a distinct influence on the total expansion
and fermentation period. These phosphates, no doubt,
have a very intimate relation to the gluten quality,
and experiments are now in progress which we hope
will throw some light on the problem.

A study of the accompanying table will show that
there is an unmistakable relation between the acidity,
the amino compounds and the phosphorus, both the
total and the water-soluble. There is also an apparent
relation between the ash and acidity. That the total
phosphorus should show a relation to the acidity
follows from the fact that it includes the soluble
phosphates and the total and the soluble bear a more
or less definite relation to each other. The larger
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part of the phosphorus in the flour extract is probably
in the form of phosphates of potassium. There are
also smaller amounts of the phosphates of magnesium
and calcium, the former being about four times as
abundant as the latter, reasoning from the compo-
sition of wheat ash. The acid phosphates of mag-
nesium are very slightly soluble in water. While

monocalcium phosphate is soluble in water, the pos-.

sible amount of this salt in the flour is very small.
Reasoning from the different amount of inorganic
elements present in the flour, much the larger part
of the soluble phosphorus obtained in the extract

CHEMICAL COMPOSITION OF FLOUR FROM DIFFERENT MILL STREAMS.
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water during extraction may easily change this con-
dition.

In the following discussion, the figures for 70 per
cent. patent flour, treatment at 40° C. two hours, are
taken. The percentage acidity is o.130. This cor-
responds to 2.88 cc. N /20, or 0.0081 g. KOH for 10 g.
of flour. The per cent. of water-soluble phosphorus
in an extract from the same amount of flour and
obtained under the same condition is o0.028. This
would correspond to o0.0028 g. of phosphorus; that
is, the water extract which requires o.0081 g. of KOH
to neutralize the acidity contains 0.0028 g. of soluble

MOISTURE-FREE PERCENTAGES,

Phosphorus.
Per cent.
Acidity. of water
e A e Amino Water sol.  Water sol, soluble
No. Mill stream. Ash. 250% : 40°, comp. at 25°. at 40°, Total. at 40°,
389 Wheat : 1.93 0.156 0.478 0.530 0.066 0.218 0.482 51.73
390 Pafent 70 per cent. 0.52 v 0.074 0.130 0.162 0.021 0.028 0.110 29.25
391 Clear 2727 %4 per cent. 0.83 0.170 0.245 0.270 0.071 0.098 0.187 59.64
392 Low grade 2 }4-3 per cent. 1.08 0.215 0.339 0.396 0.097 0.152 0.269 64.01
393 First break 0.93 0.136 0.239 0.276 0.053 0.082 0.162 57.79
394 Second break 0.80 0.137 0.211 0.239 0.060 0.083 0.165 57 .45
395 Third break 0.80 0.126 0.220 0.237 0.062 0.084 0.172 55.74
396 Fourth break 0.88 0.160 0.252 0.266 0.071 0.103 0.204 78.34
397 Fifth break 1.28 0.235 0.370 0.363 0.114 0.187 0.296 * 72.29
398 First middlings 0.52 0.071 0.101 0.195 0.017 0.023 0.094 27 .43
399 Second middlings 0.50 0.067 0.109 0.200 0.017 0.025 . 0.093 30.55
400 Third middlings 0.54 0.069 0.125 0.206 0.026 0.033 0.107 34.93
401 Fourth middlings 0.58 0.081 0.142 0.201 0.026 0.042 0.118 40.26
402 Fifth middlings 0.62 0.067 0.148 0.217 0.031 0.044 0.120 41,58
403 Sixth middlings 0.62 0.094 0.164 0.229 0.039 0.053 0.133 44,89
404 Seventh middlings 0.95 0.164 0.275 0.335 0.080 0.102 0.215 53.69
405 First sizings 0.64 0.091 0.161 0.194 0.042 0.051 0.127 46.21
406 Chunks 1.02 0.159 0.289 0.312 0.082 0.118 0.225 59,74
407 Second sizings 0.88 0.145 0.236 0.278 0.054 0.091 0.186 56.02
408 B. middlings 0.72 0.129 0.208 0.243 0.057 0.077 0.171 25.47
409 First tailings 1,15 0.170 0.304 0.317 0.076 0.145 0.261 63.16
410 Second tailings 1.36 0.186 0.395 0.444 0.094 0.175 0.327 60.68
411 Second low grade ; 1.01 0.181 0.305 0.340 0.065 0.122 0,230 59.51
412 Bran duster flour 1.27 0.220 0.370 0.404 0.080 0.161 0.301 59.91
413 -Ship duster flour 1.58 0.239 0.466 0.505 0.070 0.191 0.373 57.53
414 Roll suction stock 0.79 0.130 0.467 0.239 0.068 0.078 0.164 53.72
415 Middlings from second sizings 0.46 0.065 0.133 0.076 0.023 0.079 0.113 79.20

is in the form of the phosphates of potassium. All
the phosphates of potassium are more or less soluble
in water. Some are soluble in alcohol while others
are not.
ble in cold water and the solubility increases at a
higher temperature. Monopotassium phosphate and
dipotassium phosphate are both soluble in cold water;
the former gives a solution acid in reaction, while
the latter gives a solution alkaline in reaction. It
thus becomes evident why a soluble phosphate ob-
tained from a flour will influence the acidity test.
The effect of varying temperature on solubility of
the different phosphates of potassium partly explains
why the percentages are higher at 40° C.

Whether or not these phosphates are present as
such in the flour or produced by the hydrolytic action
of the water in the process of extraction is immaterial
as far as they influence the acidity value. It is this
water extract that is used for the determination of
acidity, and in which the acid phosphates would be
found. It may be that the greater part of the phos-
phorus in the flour is present in the organic form.
Determinations made in this laboratory seem to
point that way, but the hydrolytic action of the

Orthopotassium phosphate is slightly solu- .

phosphorus in the form of acid phosphates. As-
suming that this phosphorus is in the form of mono-
potassium phosphate, there would be o.o123 g. of
this salt.

Assuming the chemical reaction to take place in

accordance with the following equation,

KOH + KH,PO, = K,HPO, + H,0,
we have the following proportion:

5651 X
This means that it would take o.0196 g. of mono-
potassium phosphate to be neutralized by the o.0081
g. of KOH, while according to the determinations
there was only o.o123 g. of this salt present as cal-
culated from the amount of soluble phosphorus. If
we assume the above reaction to take place this
amount of monopotassium phosphate would require
only o.oo51 gram of KOH for its neutralization.
The difference between o0.0081 and o.0051 or 0.003 g.
of KOH would be neutralized by some other com-
pounds. . That these compounds are the amino, acids
is evident from the close relation between the acidity
value and the amino compounds. The close relation
between the ash percentages and the acidity is due

13651 ¢t 00081 0.0196
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to the greater content of phosphorus in the samples
which are high in ash.

GRAPHIC PRESENTATION OF THE RELATION BETWEEN
PHOSPHORUS AND OTHER CONSTITUENTS IN
MILLSTREAM FLOURS.

The figures for total phosphorus given in the table
of analyses were arranged in an ascending series and
the figures for the other constituents placed in parallel
columns. These figures were then plotted on cross-
section paper with the results shown in the accom-
panying plate. To bring the curves near each other
on the plate, the figures for each constituent of No.
399, second middling flour, were reduced by addition
and subtraction to the same value as the figure for
total phosphorus. The corresponding figures for
the constituents of all the flours were treated by the
same factors as were used in changing the numerical
values for the constituents on No. 399. This does
not change the form of the curve but the relative
position is changed. Unless some such method were
used, it would not be possible to show all these curves
on one plate. But, it should be borne in mind that
on account of these calculations, the fact that one
curve is above another does not mean that the abso-
lute value is greater. The plate shows only the re-
lation of the curves to each other, not the relative
magnitude of the constituents represented.

THE CHEMISTRY OF ANAESTHETICS, IV: CHLOROFORM.
By CHARLES BASKERVILLE AND W. A. HAMOR.

Received December 13, 1911.
(Continued from the March No.)
V. The Physical Constants of Chloroform.
I. SPECIFIC GRAVITY.

A. The earliest determinations of the density of
chloroform were made in 1832 by Liebig,* who re-
ported the constant 1.485 at 15° and by Guthrie,?
who found the value to be 1.486 at 15.5° Later
(1849), Soubeiran and Mialhe3 obtained a purer
preparation, as shown by their density determina-
tion, 1.4905 at 15° Up to 1849, however, the best
commercial chloroform possessed a specific gravity
of 1.480, which was considered a guarantee of its
purity. Gregory* found that chloroform of the
density 1.480, when once treated with sulphuric acid,
which destroyed the “oils,”’ might be obtained, after
removing the ‘‘sulphurous acid,” of the density of
1.500 at 15.5° This value he took as the true specific
gravity of chloroform. Wilson was unable to obtain
chloroform of a density higher than 1.498; but Gregory
considered his chloroform impure, and stated that
every sample, whether originally of 1.480, 1.490, or
1.497, when purified by means of sulphuric acid and

LAnn., 1, 199,
2 Am. J. Sci., (1] 22, 105.
3 Jahresber., 2, 408. The densities given were calculated from the

values reported.
4 Pharm. .J., 9, 580.
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manganese dioxide, acquired the density which he
regarded as true, v4z., 1.500 at 15.5°

Schiff,* in 1858, reported that chloroform possesses
a density of 1.5066 at 15°; this high result was prob-
ably attributable to the method of purification which
he employed. In 1865, Hager stated that “pure’’
chloroform possesses a density of 1.494-1.495 at 15°.2
Swan3 reported that his determinations showed 1.493—
1.497; but these results, like those of Soubeiran and
Mialhe, and Gregory, were due to the fact than no special
pains were taken to free the chloroform from alcohol.

The determinations of Thorpe+ were made on chloro-
form which had been carefully purified,’ and un-
doubtedly represent great accuracy. Thorpe found
the density to be 1.52657 at 0°/4°, with which value
the recent determinations of Timmermans,% 1.52633—5
for d,°, are in accord. A summarization of the
various determinations of the specific gravity of
chloroform is given in Table I.

TABLE I.—VARIOUS DETERMINATIONS OF THE SPECIFIC GRAVITY OF
CHLOROFORM.

0°. 11.8°. 12°. 15° 1515258001655 00 1 7.088 41 8 OF
1.525237 1.5039° 1.49610 1.485!2  1.500% 1.47221 1.49125 1.48%
1.526578 1.51211 1.494613 1.50726
1.490514
1.497615
1.506610
1.510717
1.498918
1.49801°
1.50020
1.5002721
1.5008522
18.58°. 252, 2974 35.86° 60.8°%  61.2° 63°.
1.4897828 1.4843229 1.4908930 1.4569531 1.408132 1.4087733 1.395434
1.484922° 1.4018%
1.4081430
1 Ann., 107, 63.

2 Kommentar, 489. The requirement of the Pharmacopoea Borussica
at this time was 1.492-1.496. “English Chloroform,” already referred to,
possessed a density of 1.485.

3 Phil. Mag., [3] 33, 38.

4 Trans. Chem. Soc., 37, 196.

5 The method employed has already been described under Purification.

S Bull. soc. belg. chim.. 24, 244.

7 Pierre, Compt. rend., 27, 213.

8 Thorpe, J. Chem. Soc., 837, 371. Referred to water at 4°.

® Schiff, Gazz. chim. 4tal., 13, 177. Water at 4°.

10 Soubeiran and Mialhe, Jahresber., 2, 408. Not free from alcohol

11 Schiff, Ann., 107, 63. g

12 Calculated from 21,

13 Calculated from 19,

14 Calculated from 4.

15 Calculated from 1,

16 Calculated from 5.

17 Calculated from 20

18 Calculated from 2.

19 Calculated from 3.

20 Remys, J. Chem. Soc., 18, 439.

21 Perkin, J. prakt. Chem., [2] 82, 523. Water at 15°.

22 Perkin, Ibid. ‘Water at 15°
23 Gregory, Jahresber., 3, 454. Not free from alcohol.
24 Geuther.

25 Regnault, Ann. chim. phys., [2]71, 381.
26 Fliickiger, Z. anal. Chem., 5, 302. Water at 17°.
27 Liebig, Ann., 1, 199.

28 Drecker, Pogg. Ann., [2] 20, 870.

29 Perkin, Loc. cit. Water at 25°.

30 Nasini, Gazz. chim. ital., 13, 135.

31 Drecker, Loc. cit.

32 Schiff, Ber., 15, 2972.

33 Thorpe, Loc. cit.

3 Ramsay, J. Chem. Soc., 35, 463.

35 Schiff; Ber., 14, 2763.

36 Schiff, 7bid.
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In the course of their investigation of the decom-
position of chloroform, the authors had occasion: to
prepare chloroform which they regard as absolutely
pure.® This possessed a density of 1.49887 at 15°/4°
(average of six determinations), ‘a result in close
agreement with the values of Thorpe and Timmermans,
and which we consider to be the correct specific
gravity at this temperature.

B. The anaesthetic chloroform on the American
market varies in specific gravity from 1.4730-1.4827
at 25°/25° usually in close proximity to 1.476, the
minimum density permitted by the Pharmacopoeia.
The samples of chloroform of German manufacture
examined by the authors varied in specific gravity
from 1.487-1.492 at 15°/15° although one sample
possessed a density of 1.497 at this temperature:
Since the correct specific gravity of chloroform is
1.49887 at 15°/4°. those authorities requiring chloro-
form of a lower density—that is, anaesthetic chloro-
form—allow the addition of alcohol, and conse-
quently the presence of small amounts of water;
the permissible addition usually varies from o.5—1
per cent.?

The specific gravities of the chloroforms recoomzed
as official by the pharmacopoeias of various countries
are given in Table II.3

TABLE II.—DENSITIES ACCORDING TO VARIOUS PHARMACOPOEIAS.

- 1.485— 1.485—
1.480 1.489 1.490 1.497 1.498 1.500 1.489 1.490
Spaint Switzer- Greece$ Chili® France!® Roumania!! Germany!? Belgium!$
land? Denmark!3
Portugal® Hungary!4
Mexico® Norway!®
Sweden!®
Finland!?
Not below
1.485- 1.485— 1.490—- 1.490- 1.498- 1.499- 1.476 at
1.495 1.500 1.493 1.495 1.500 1.500 252
Japan!® Austria?0 Italy?! Great Holland?® Russia? United
Britain?? States?s

1 The method of purification used was as follows: 500 cc. of chloro-
form containing 0.77 per cent. of absolute ethyl alcohol and 0.04 per cent.
of water, but otherwise pure, were agitated with 1 liter of water repeatedly
throughout one day; the water was then removed, and the treatment was
repeated twice in the dark. The separated chloroform was then shaken
with 500 cc. of water throughout one'day, and finally with two successive
portions of 250 cc. It was then dried over fused calcium chloride, and
afterwards agitated with 1/sth its volume of concentrated sulphuric acid,
when to our surprise—for the chloroform had originally afforded no colora-
tion with sulphuric acid, and the process of purification had so far been
conducted in the dark—the acid assumed a yellow color. It was there-
fore found necessary to continue the treatment with sulphuric acid, until
the chloroform failed to color it, to accomplish which three successive
treatments were necessary. 7The chloroform was then tested for the pres-
ence of alcohol by the chromic acid, iodine, iodoform, and fuchsine tests
(see Alcohol), and was found to be alcohol-free. It was accordingly agitated
with 75 g. of anhydrous sodium carbonate during three days, separated
by filtration, and 400 cc. were fractionated. The chloroform almost com-
pletely distilled over between 61.2° and 61.8° and all above 62° (about
5 cc.) was eliminated. After refractionation, the chloroform was carefully
examined and was found to be free from alcohiol, water, acetaldehyde, and
decomposition products; it gave no coloration with formalin-sulphuric
acid.

2 See Alcohol.

3 No reference is made in the table to chloroform intended for in-
dustrial purposes.

4 Farmacopea Oficial Espanola, 1905, p. 198,

5 Hirsch’s ‘‘Universal-Pharmakopée,” 1, 162 (1902).

% At 18°, Nueva IFarmacopea Mexicana, 1904, p. 477.

7 Pharmacopoea Helvetica, 1907, p. 101. Formerly 1.485-1.490.

8 Hirsch, Loc. cit.

9 Farmacopea Chilena, 1886, p. 147.
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The chloroform constants according to various
editions of the United Stales Pharmacopoeia are as

follows:
Date. Density at 15°, Boiling point.
189 1T% s AU b A iy 1.49 142° F.
1869 T st tate wa ik ovs 1.490-1.494 140° F.
187325555 A B 1.480 142° F.
Ve E Y b i A S T 1.485-1.490 60"—6!° C.
1893 s oretets i etataraty Not below 1.490 60°-61° C.

C. Regnauld® maintained that the specific gravity
of chloroform is hardly a criterion of its purity, owing
to conflicting results; but this statement was based
upon the results of an examination of various samples
of chloroform at a period prior to the adoption of
improved methods of manufacture and purification,
and before the formulation and recognition of more
stringent pharmacopoeial standards. Specific gravity
should not be regarded by any means as the sole
criterion of purity; but the constant is indicative
of the strength and, although to less degree, the purity
of anaesthetic chloroform, and should always be
determined.? For this purpose the pyknometer should
be employed? and the determination should be made
preferably at 15°. The Mohr-Westphal balance will
serve to give a rapid approximate result, but should
not be depended upon where any considerable degree
of accuracy is desired. Chloroform is quite sensitive
to temperature variations, but owing to the fact that
it is considerably less volatile than ether, as well as
comparatively non-hygroscopic, the determination of
its density does not present such difficulties as are
often encountered in the case of ether.

2, BOILING POINT.

A. The boiling point of chloroform was first deter-

10 Codex Medicamentarius Gallicus, 1908, p. 148. The specific gravity
given is that specified for “Chloroforme Officinal;” it is stated that “Chloro-
formium Depuratum’ possesses a density of 1.495-1.500, depending on its
purity.

11 Hirsch, Loc. cit.

12 Pharmacopoea Germanica, 1900, p. 86; Deutsches Arzneibuch, 1910,
p. 118. It is of interest to note here that in 1865 the Ph. Hessen specified
chloroform of the density 1.515 at 17.5° and that the Ph. Hannover stated
the density 1.48.

13 Pharmacopoea Danica, 1907, p. 94.

14 Pharmacopoea Hungarica, 1909, p. 73.

18 Hirsch, Loc. cit. The Pharmacopoea Norvegica, 1879, p. 61, specifies
1.485-1.493.

16 Pharmaco poea Svecica, 1908, p. 76.

17 Pharmacopoea Fennica, 1885, p. 48.

18 Pharmacopoea Belgica, 1906, p. 65. Formerly 1.491 at 17°.

19 Pharmacopoeta of Japan, third edition, 1907, p. 84.

20 Pharmacopoea Austriaca, 1889, p. 61. Squire gives 1,485-1.490.

21 Squire's Companion {to [tl;e British Pharmacopoeia, 1908, p. 373.
The Farmacopea Italiana, fourth edition, p. 1357, gives 1.49.

22 British Pharmacopoeia, 1908, p. 75. In 1868 a Pharmacopoeia of
India was issued; in this work the density 1.49 was specified (p. 266).

23 Pharmacopoea Nederlandica, 1905, p. 90. The density given is that
of the “Chloroformum ad narcosin’” (chloral chloroform); “Chloroformum’”
(0.6-1.0 per cent. alcohol) is stated to posSess a specific gravity of 1.485-
1.489.

24 Squire, Loc. cit. The Pharmacopoea Russica, 1880, p.
1.485-1.490. Hirsch (Loc. cit.) gives 1.485~1.489,

25 Pharmacopoeia of the United States of America, 8th revision, p, 99.

1 J. pharm. chim., [4] 29, 402.

2 As a rule, the specific-gravity determination is indicative of the
amount of alcohol in chloroform, although such chloroform must, of course,
always be examined for the presence of impurities and decomposition
products. These points will be discussed in the course of the paper, under
the various probable impurities. On the effect of alcohol on the density
of chloroform, see Alcohol.

3 The form of pyknometer dcsngned by Perkin (J. prakl Chem.; N. F.,
31, 486) is very suitable, although we have found the Sprengel pyknometer
satisfactory,

110, gave
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mined by Liebig* who found the constant 60.8° C.,
and by Guthrie,” who, although he obtained a purified
product of practically the same density as that of
Liebig, stated that ‘‘absolutely pure chloric ether”
boils at 74.4° C., a result doubtless attributable to the
method of determination employed. Pierre,3 in 1851,
also obtained a high result—63.5° at 772.52 mm.—
due, for the most part, to the impure chloroform em-
ployed in the determinations he conducted. In
1854, the boiling point of chloroform was given as
62°4 the same constant being given in 1861;5 and
although the determination of Regnault,® namely,
60.16° at 760 mm., had received recognition three
years previously, we find it stated in 1866 that ‘the
boiling point of chloroform is 63°7 The constant
found by Regnault appears to have been widely
accepted as late as 1880; but the mean determination
of Thorpe.® 61.2°, later supplanted it and is now given
by various authorities.? The mean of the maximum
(61.21°) and minimum (61.19°) of the recent accurate
determinations of Timmermans® is 61.20°, the correct
boiling point of pure chloroform.:x

Other determinations of the boiling point of chloro-
form are as follows:

Vear, Observer. Temperature.
1883 e Schiff!2 60.9° at 754.3 mm,
1884..c00000s  Perkin' 62.0° at 760 mm,
1885...44 Bauerl4 61.0° at 760 mm.
189904 iV Thayer!® 61.6° at 760 mm.
61.64° at 760 mm.
1899, Petit!e 61.97° at 760 mm.
190410530 cate ¢ Wade and Finnemore!? 61.15° at 760 mm,

B. The boiling points of the chloroforms recognized
as official by the various pharmacopoeias are given
in Table ITI. In general, it may besaid that no specific
directions are given for the determinations of the con-
stant,’® and that the influence of the variables (alcohol
and water, in particular) on the boiling point has
received very little attention.

C. Opinions are divided as to the value of the boiling-

1 Loc. cit, The same value was later reported by Regnault (J. pharm.
chim,, [4] 29, 402.)

2 Loc. ct.

3 Ann. chim. phys,, [3] 33, 199,

4 Limprecht, “Lehrbuch der Organischen Chemie,” p. 161.

8 Kolbe, “Ausfubrliches Lehrbuch der Organischen Chemie,”
1, p. 589, 3

8 Compi. rend., 39, 301, 345, 397; see particularly, Jahresber., 1863,
70,

7 Sharples, “Chemical Tables,” p. 69.

8 Trans, Chem. Soc., 37, 196.

% E. ¢., Beilstein; Landolt-Bdrnstein.

10 Bull, soc. belg: chim., 24, 244. Timmermans found that the varia-
tion di/dp of the b. p. for 10 mm. pressure is 0.36°.

1 The absolutely pure chloroform prepared by the authors possessed
this boiling point, as determined by the arrangement of Berthelot and
corrected to normal, .

12 Ann., 220, 95,

R Trans. Chem. Soc., 48, 530,

M Ann., 229, 163,

18 7. Phys, Chem., 8, 37. \

18 I5id., 3, 351, Petit purified the chloroform used by washing it
twelve times with water, then shaking it with a concentrated solution of
calcium chloride. The chloroform was then fractioned through a Hempel
column, and the part kept was that distilling over between 60° and 60.3°
at 741 mm. The corrected boiling point of this fraction was found to be
61.97°% much higher than recently reported. The impurity causing this
high boiling point was not discovered by Petit.

¥ Trans. Chem. Soc., 83, 946.

1% Exceptions are the Pharmacopea Nederlondica, 1905 [J. pharm.
chim., 23, 479 (1906); Chem. and Drug., 69, 828] and the Pharmacopea
Ausiricce, Sth revision, p. 25,

Vol,
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point determination as a criterion of the purity of
anaesthetic chloroform. It has been stated that it is
a valuable indication of the purity, since the presence
of o.5 per cent. of alcohol reduces the boiling point
to “59.8° or 60°” and owing to the fact that a boiling
point higher than “61°" indicates the presence of
amyl or butyl compounds,* while Arzberger? has
pointed out that in the determination of the boiling
point of chloroform it is important that the distilla-
tion be continued until the last drops have been
vaporized and that a perceptible rise of temperature
at this point indicates the presence of water. Brown,
however, expressed the opinion that the determina-
tion of the boiling point has little value so far as estima-
ting the impurities of commercial chloroform is con-
¢erned.3 Others have obtained anomalous results in
attempting to determine the constant.4

TABLE 111.—BOILING POINTS ACCORDING TO THE VARIOUS PHARMA-

COPOEIAS.
59.5— ;
615530 60°. 60.8°. 612
Sweden’ Italy® Spain? Mexicoll
France$ Greece!?
Chili?
Roumanial®
60-61°. 60-62°. 61.3°, 61-62°,
United States!s Great Britain!® Holland?# Hungary?3
Russial4 Germany!0
Austrial?
Switzerland!$
Belgium!?
Denmark20 S
Norway?!
Japan??
Finland>

1 Allen, “Commercial Organic Analysis,” Vol. I, 236. Cf. Hager, Pharm.
Z. Russland, September, 1869.

2 Pharm. Zty., 51, 321.

3 Pharm, J., March 19, 1892.

1 For example, Werner (Archtv. Pharm., [iii] 12, 481) stated that
chloroform boils over a naked flame at 62-63°, but that it does not boil
below 64° on a water bath and often not until a temperature of 66° has
been reached. In the latter case, Werner found that it was difficult to
determine whether the liquid was boiling, as the surface showed no signs
of ebullition. By immersing a piece of string in the chloroform to be
distilled Werner found the difficulty was removed(l).

8 Pharmacopoea Svecica, 1908, p. 76

8 Farmacopea Italiana, fourth edition, p. 1357,

1 Farmacopoea Oficial Espanola, 1905, p. 198.

8 Codex Medicamentarius Gallicus, 1908, p. 148. The boiling point
given is that specified for ‘“Chloroforme Officinal,” or ‘Chloroformum
pronarcosi;” the boiling point of *“Chloroformium depuratum’ is stated
to be 61°.

9 Farmacopoea Chilena, 1886, p. 147.

19 Hirsch's Universal-Pharmakopae, 1, 162 (1902).

1 Nueve Farmacopea Mexicana, 1904, p. 477. At 76 cm. pressure.

12 Hirsch, Loc. ctt.

13 Pharmaco poeta of the United States of America, Sth revision, p. 99.

1 Pharmacopoea Russica, 1880, p. 110. This is the latest edition of
the work we have seen, but Hirsch (Loc. cit.) gives 60-62°.

13 British Pharmacopoeta, 1908, p. 75.

16 Pharmacopoea Germanica, 1900, p. 86; Deulsches Arznetbuck, 1910,
p. 118, >

17 Pharmacopoes Ausiriece, 1889, p. 61.

18 Pharmacopoes Helvetica, 1907, p. 101,

19 Pharmacopoea Belgica, 1906, p. 65.

20 Pharmacopoea Danica, 1907, p. 94. 2

21 Hirsch (Loc. ¢t.). The Pharmacopoec Norvegica, 1879, p. 61, gives
60-63°, :

22 Pharmacopoeta of Jopan, third edition, 1907, p. S4.

B Pharmaco poea Fennica, 1885, p. 48.

2 Pharmaco poea Nederlondica, 1905, p. 90. The value given is that
specified for “Chloroformum ad mnarcosin’ (chloral chloroform); “Chloro-
formum™ containing 0.6-1.0 per cent. of alcohol is stated to boil at 60°
(62 cm.). :

B Pharmacopoea Hungarica, 1909, p. 73. In this place it may be
noted that the Pharmacopoea Crociico-Slavonica, 1888, p. 163, specifies
“Chloroformium e chloralo,” boiling point 60-61°,

Hirsch gives 61-62°.
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While it is true that in the ordinary method of
fractionation, any- impurities decomposable by sul-
phuric acid and chlorinated decomposition products
are concentrated in the residue and may then be
recognized,® in the opinion of the authors the boiling-
point determination is not a criterion of the purity
of anaesthetic chloroform, unless either (a) pure
chloroform—that is, absolute chloroform—is specified,
or (b) the amount of alcohol (and water) added is
definitely fixed and’no range of addition, such as o.4—
1.0 per cent., is permitted. In any case, definite
directions should be given in order that a standard
method of determination would be employed.

When anaesthetic chloroform is distilled, the tem-
perature rises immcdia'tely to about 55.5° at which
temperature water passed over with part of the
alcohol present and some chloroform; the remainder
of the alcohol distils over with part of the chloroform
between 59.4° and 61°2? For example, the careful
fractionation of 500 grams of anaesthetic chloroform
made from acetone, containing o.5 per cent. of alcohol
and o.026 per cent. of water, but otherwise pure, gave

the following results:
Weight of fraction.

Temperatures. Grams.
55.5-59.4° 10
59.4-61.0° 177
61.0-61.2° 300

Above 61.2° 13

According to Wade and Finnemore,? the possible
components of constant boiling point which may be
isolated from a mixture of chloroform, alcohol and

water are as follows: 5
Boiling

Per cent.
Constituent. | point. chloroform.

Chloroform-alcohol-water. .........covevuunn 55¥5% 92.5
Chloroform-water; s L o R e v e 56.1° 97.5
Chloroform-alcohol S s S s ot o et 59.4° 93.0
Chloroform e i s st e o tr e ety 61.2° 100.0
Alcohol-water (95.5 per cent. alcohol)........ 78.15°

2 L ) b R R B G e it iy ) e 78.3°

W ater et e R I Sty s T T R S ot 100.0°

Of these seven constituents, the first five may be
separated from anaesthetic chloroform containing
o.5 per cent. of alcohol and o.026 per cent. of water,
and the authors have identified the first and third
in samples of anaesthetic chloroform containing
alcohol varying from o.5-1.0 per cent.# In some
cases, it was observed that the first constituent be-
comes turbid.s ;

It is therefore apparent that the variables of
anaesthetic chloroform render the determination of its
boiling point of no value as a criterion of purity,
since we have here a mixture and no definite com-
pound. :

VI. The Decomposition of Chloroform.

I. THE CHANGES WHICH CHLOROFORM
UPON EXPOSURE TO AIR.

There has been considerable diversity of opinion

1 Based on these observations, the authors have devised an extremely
sensitive test for the detection of such impurities, This will be given when
the tests for impurities are discussed.

2 Cf, Wade and Finnemore, Loc. cit.

3 Loc. cit.

4 The alcohol was determined by the method of Nicloux (see Alcohol).

% The presence of water was established by means of calcium carbide
(see Water).

UNDERGOES
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among chemists as to the nature and products
of the decomposition of chloroform; in fact, this
discordance dates from the introduction of chloro-
form as an anaesthetic and prevails to-day. This
condition is ascribable to the many influencing factors
occasioned by the degree of purity of the chloroform
under examination, the extent and nature of the ex-
posure; but is principally due to the failure to con-
sider, and therefrom t® correctly interpret, the role
of the general variable, alcohol, and with it the accom-
panying moisture. i

In 1848, Morson* found that ‘“pure” chloroform
underwent decomposition in the presence of light and
air, chlorine, hydrochloric acid, and probably other
‘““chlorine compounds’ being formed;? later he ob-
served that the decomposition was variable in extent
and rapidity, and that chloroform, when kept under
water, did not decompose.3 Maisch,4 however, stated
that chloroform containing moisture always showed
the presence of ‘‘free chlorine” much sooner than dry
samples.

Hager,s investigating the question more extensively,
concluded that “pure” chloroform was not decomposed
by the action of light alone; but that when chloro-
form is exposed to the action of the sun’s rays, it
decomposed, exhibited an acid reaction to test paper,
and there were found, among its products of decom-

- position, hydrochloric acid, ‘‘chloroxycarbonic acid,”®

formic acid,” and free chlorine. Hager first pointed
out that chloroform was decomposed when air had
access to it, even in the dark, although then very
slowly.® Rump® made similar observations, having
learned that protection from light does not prevent
the decomposition of chloroform; he concluded that
the smallest quantity of moisture and air would, in time,
induce decomposition, and that this, once started,
proceeded with increased rapidity. Under these con-
ditions, by excluding the light, Rump found that
carbonyl chloride would result.

In 1882, Regnault’® pointed out that carbonyl
chloride was the most dangerous impurity found in

! Pharm. J., 8, 69.

2 Therefore, Morson suggested the test with litmus paper and purifica-
tion by repeated agitation with distilled water. :

3 Ibid., 279. In 1850 (see Trans. N. Y. Acad. Med., 1, 146), it had
been observed in this country that chloroform becomes acid and contains
“chlorinated oils” through decomposition.

4 Proc. Am. Pharm. Assn., 1868, 264. Chloroform of the density
1.492, dried by means of calcium chloride, was kept in absolutely dry
bottles and in bottles slightly moist, then both kinds were exposed to
diffused daylight and to direct sunlight. Maisch concluded that the entire
absence of water would not be sufficient to preserve the chloroform un-
altered.

5 Pharm. Z. Russland, September, 1869.

6 Persotne found that samples of ehloroform liable to decomposition
always contains ‘‘chlorocarbonic ether.” It has also been maintained
that the change is attributable to the presence of allylene dichloride.

7 Kappeler (Anaesthetica, p. 173) stated that formic acid and aldehyde
are products of the decomposition of chloroform.

8 Hager found that chloroform, even if it does not exhibit an acid
reaction, may be in a state of decomposition, and that this condition may
be detected by the reaction such chloroform exhibits with ammonia, which
then yields with it vapors of ammonium chloride,

The results of Hager’s investigation gave rise to the statement which
has persisted in the literature till to-day, namely, that specimens of chloro-
form, originally of good quality on keeping become impregnated with
hydrochloric, hypochlorous, and formic acids.

9 Archiv. Pharm., October, 1874,

10 7, pharm. chim., [5] 6, 504.
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chloroform, and stated that it was produced in the
presence of light by the action of air on chloroform.:
In collaboration with Roux, Regnault demonstrated
the formation of carbonyl chloride from chloroform
in several different ways: By the action of the spark
from an induction coil on a mixture of chloroform
vapor and air; by allowing air saturated with the
vapor of chloroform to circulate in an effluve ap-
paratus;? and by the action of ozonized air. The
last experiment showed that the production of carbonyl
chloride was independent of the thermal and electric
phenomena of the other two, and, along with the
work of Rump, established the formation of carbonyl
chloride during the oxidation of chloroform. Con-
firmation of this was later had from the investigations
of Marty3 and Stark.4

As to just what are the other products of the decom-
position of chloroform, is a question which has re-
ceived considerable, although not very discriminating,
attention.
not decomposed by the action of sunlight in the
absence of oxygen, it was so decomposed when oxygen
was present, yielding as products chlorine, carbonyl
chloride, and water:

4CHCI, + 30, = 4COCl, + 2H,0 + 2Cl,;
2COCl, + 2H,0 = 2C0O, + 4HCIL

These equations have been recognized as correct by

Schacht and Biltz,° and by Adrian;? but Schacht and

Biltz considered it necessary to add that they applied
exclusively to the decomposition of chloroform which
was perfectly free from alcohol. That the decomposition
of chloroform is accelerated in an atmosphere of pure
oxygen, is a fact which Schacht and Biltz were dis-
posed to ascribe to the absence of nitrogen. At one
time they appear to have entertained the idea that
ozonization of the oxygen in contact with chloro-
form and under the influence of sunlight might cause
decomposition, but ‘experiments made in reference
to this point in 1868, wherein it was shown that no
ozonization occurred under such conditions, seem to
have induced a contrary view.

In regard to the ultimately recognizable results
of the oxidation of chloroform in particular instances—

1 Regnault considered the accidental presence of carbonyl chloride
common at that time.

2 Regnault and Roux found that nitrogen charged with the vapor of
chloroform also decomposed the chloroform in an effluve apparatus, the
products being hydrochloric acid and a mixture of C3Cly and C,Clg. Cf.
the results of Besson and Fournier (Compt. rend., 150, 1118) on the action
of the silent discharge on chloroform in the presence of hydrogen; among
the chlorinated derivatives separated were CCly, C,Cly, CoHCls, CoClg, CsClg,
C3HCly, and C,Cls. Cf. Regnault, Ann., 33,310; Ann. chim. phys., [2] T1,
353. , -

3 L’Unton Pharm., November, 1888. Marty found that ‘pure”
chloroform did not remain unaffected more than two days in summer or
5 days in winter, when freely exposed to air, The same chloroform re-
mained unaltered for 15 months in the dark, although in contact with air.
‘With chloroform containing 0.1 per cent. of absolute alcohol, no decom-
position resulted even after an exposure of 15 months to continuous sun-
light.

4 Pharm. J., [3] 20, 407. Chloroform exposed to diffused sunlight
for 5 months contained hydrochloric acid, carbonyl chloride, and an “oily
hydrocarbon.”” According to Stark, the alarming dyspnoea produced by
some samples of chloroform when inhaled is probably due to the presence
af carbonyl chloride (see Effects of Impurities, Section VII, 2).

S Pharm. Soc. Ednb., March, 1893,

8 Pharm. J., 1893, 1005.

T I. pharm. Chim., 18, 5.
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for example, in the case of anaesthetic chloroform—
there is one circumstance which exercises a decided
determining influence; but, as indicated by Schacht
and Biltz,* it is not always sufficiently considered,
and this fact has given rise to differences of opinion
as to the nature of this decomposition and of its
products. For instance, Ramsay? advanced the
opinion that the only products of the decomposition
of chloroform are carbonyl chloride and hydrochloric
acid, while Brown, Schacht and Biltz, and Adrian
maintain that in addition to the formation of those
products there is also an elimination of chlorine in the
free state. Schacht and Biltz considered that this
difference of opinion was doubtless to be ascribed to
want of attention to the presence of alcohol in the
chloroform experimented with,3 and to the resulting
misinterpretation of the chemical changes which occur.
They stated that they had succeeded in proving that
the well-known influence of alcohol in preserving
chloroform from decomposition4 was due to the alcohol
taking up and chemically combining with the delete-
rious products resulting from the decomposition,
so as to render them innocuous. Later,5 they con-
cluded that, though the direct products of the decom-
position of ‘pure’’ chloroform: were only chlorine®
and carbonyl chloride, in the case of chloroform
containing alcohol the chlorine thus eliminated acted
on the alcohol present, and so gave rise to the pro-
duction of hydrochloric acid. In this way they

accounted for the presence of hydrochloric acid in the

first stage of the decomposition of anaesthetic chloro-
form,” and considered that they had explained the
point which had given rise to dispute, namely, that
the elimination of free chlorine’is a primary feature
of the alteration. These views led to a controversy
with the Browns,® and the formation and presence of

1 Loc. cit.

2 J. Soc. Chem. Ind., 11, 772.
and Woog, Compt. rend., 143, 1193.

3 See Preservation.

4 The correctness of this view, which has been generally favored, will
be fully considered under Preservation.

5 Pharm. J., [3] 22, 1041.

6 Popov (J. Russ. Phys.-Chem. Soc., T, 1061) studied the influence
of light on chloroform dissolved in linseed oil, finding that the iodine number
of the oil was lowered, owing to the action of the halogen upon the un-
saturated compounds of the oil. This work does not, however, prove
that chlorine is a product of the photolytic decomposition of chloroform.

7 Cf. Laurent (Ann. chim. phys., 1837, 318), who found that chlorine
acts on chloroform in the sunlight forming hydrochloric acid and ““CyCls.”’
The opinions of Schacht and Biltz, variously expressed, seem to embody
this general view: The gradual disappearance of free chlorine when chloro-
form is undergoing decomposition is an indication of its further action on
the chloroform, producing hydrogen chloride and altering the relative
proportions of carbonyl chloride and hydrogen chloride so as to increase
the latter.

8 Schacht and Biltz (Pharm. J., [3] 23, 1005) stated that ‘“decom-
position cannot be detected in alcohol-reduced chloroform until all the
added alcohol has been consumed.” Brown (Ibid., 24, 321) found that
“pure’” chloroform to which 0.077 per cent. of alcohol had been added,
when exposed to direct sunlight in colorless glass, began to decompose
in 14-19 days. He found that after decomposition had been recognized
by zinc iodide and starch, as well as baryta water, reactions were obtained
with 1:2000 potassium dichromate solution and the iodoform test, and
these were ascribed to the presence of alcohol. Schacht (Ber. pharm.
Ges., October, 1894) defended his position, and stated that the reactions
obtained were not produced by alcohol, but by ‘“‘chloric ether’”’ and “phos-
gene alcoholide.” The Browns (Pharm. J., [3] 25, 836) maintained that
Schacht had not proved that ethyl chloride and chloroformic ether were
produced in the decomposition of ‘‘alcohol-reduced chloroform,’”” and that
they gave reactions similar to alcohol. On the other hand, they con-
sidered that they themselves had proved that at the time the decomposition

The same view was held by Breteau
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free chlorine as one of the decomposition products
of chloroform containing alcohol were by no means
definitely settled.

Schoorl and van den Berg® conducted quantitative
experiments which seemed to indicate that when
chloroform was decomposed by the action of light in the
presence of an excess of oxygen, carbon dioxide,
water, and chlorine were formed in accordance with the
following equation:

2CHCI,: + 50 —> 2CO, + H,0 + 3CI,

According to the same chemists, when insufficient
oxygen is present—a condition usually obtaining in
practice—carbonyl chloride and hydrogen chloride
are produced in molecular proportions: -

CHGL:f O'= HCl ¥ COCIL

The equations given by Schoorl and Van den Berg
were evidently intended to apply to the decomposi-
tion of pure chloroform, and the changes which occur
in anaesthetic chloroform were apparently not con-
sidered. Schoorl and Van den Berg? confirmed the
observation that in the absence of air or oxygen,
chloroform is not affected by light exposure.

Finally, Dott3 has suggested that the formation of
carbonyl chloride in chloroform very probably occurs
in accordance with the following equation:

CHCI, + H,0, = COCl, + HCI + H,0.4

Summary of the Present Knowledge of the Decomposition
of Chloroform.

From these investigations one may conclude
that chloroform free from alcohol, when exposed
to air and light, will begin to decompose in a short
time; but that this is dependent upon the
conditions of exposure—upon the amount of air
present and upon the intensity of the light. Conse-
quently the effects produced vary, and chloroform
which in one experiment has been found to show
decomposition within several hours may, at another
time, require an exposure for a whole day, or longer,
to full sunlight, before it shows the first indications
of decomposition. The temperature prevailing dur-
ing the period of exposure is also an important con-
sideration. Then again, the nature of the container
is of considerable effect in either inducing or retarding
decomposition; for instance, in the case of glass, color
and solubility should be carefully considered. De-
tails as to these points are usually lacking.

The products of the decomposition of

was first recognized by means of zinc iodide and starch, chlorine had not
been produced in sufficient quantity to combine with all of the added
alcohol, and that ethyl chloride, chloroformic ether or carbonic ether did
not give reactions which could be mistaken for those of alcohol.

1 Pharm. Weekblad, 42, 877. See also the recent experiments of
Benrath (Ann., 882, 222), who found that under the influence of light,
and in the presence of water and air, chloroform formed carbonyl chloride
and hydrogen chloride.

2 Ibid., 43, 8. On exposure to air, in the absence of light, chloroform
gave no predipitate with silver nitrate even after four hours, whereas bromo-
form and iodoform after one hour gave distinct indications of decom-
position.

3 J. Soc. Chem. Ind., 27, 272.

4 Support to this view is had from the fact that conditions which
favor the formation of hydrogen dioxide—a degree of moisture and direct
sunlight—are also those which favor the decomposition of chloroform.

upuren
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chloroform, according to various investigators, may
be thus summarized:*

Morson, Maisch, and Hager.

Rump, Regnault,

Stark, Ramsay, Schoorl and Van
den Berg, and Dott.

Brown, Schacht and Biltz, and
Adrian.

Chlorine, hydrogen chloride...........
Carbonyl chloride. . ... coo i oo,
Carbonyl chloride, hydrogen chloride. .

Carbonyl chloride, chlorine...........

The formation of carbonyl chloride is alone defi-
nitely agreed upon.

The decomposition of chloroform has been uni-
versally conceded to be an oxidation process. It is
generally accepted that chloroform is unaffected by
light alone, and that light, although it accelerates
oxidation, is not a mnecessary factor in the process
(Hager, Rump, Brown, Schoorl and Van den Berg);
however, several investigators appear to have inclined
to the view that light is essential, although in non-
committal language, merely stating that it favors
decomposition (Regnault, Dott).

If we except the obvious action of water on carbonyl
chloride, the influence of moisture on the process
of oxidation is still unsettled. In most of the in-
vestigations which have been conducted, the presence
of water has not been considered; but when taken
into account, it has generally been thought to acceler-
ate the decomposition (Maisch, Rump, Dott), al-
though Morson took a contrary view. This con-
sideration is of importance on account of the presence
of water in anaesthetic chloroform and, although to
much less degree, in the air, and in view of the hy-
drogen dioxide theory of Dott.

With regard to the changes which occur in
anaesthetic chloroform during exposure to air and
light, there exists a decided diversity of opinion,
principally owing to the fact that no examinations
were made during the course of the various investiga-
tions, so far as we are aware, for the presence of the
oxidation products of alcohol in such chloroform, and
the exact role of alcohol in preservation has been
consequently misunderstood. Chemists who have
studied this phase of the decomposition of chloro-
form (Schacht and Biltz) have considered that the
decomposition is normal, except that hydrochloric
acid is formed by the action of chlorine on the alcohol
present.

It therefore seemed to the authors that the whole
subject required investigation, and accordingly an
experimental study of the decomposition of both
pure and anaesthetic chloroform was carried out,
with particular reference to the followmg phases of the
problem

. What are the exact products of the oxidation
of pure chloroform?

2. What are the nature and products of the oxida-
tion of anaesthetic chloroform?

3. What part does water play in both cases?

It was thought that the solution of these questions
would throw light on, if not fully explain, the role of
alcohol and other substances in the so-called pre-

1 The reported occurrence of ‘‘chlorinated oils” (Gibbs; Stark) and
of similar products of the decomposition of impure chloroform is not con-
sidered in this summary.
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servation of chloroform, an exact explanation of which
has been wanting.*

FExperimental.—Various samples of both pure chloro-
form? and chloroform containing the usual pharm-
acopoeial amounts of alcohol and water, were ex-
posed, in well-stoppereds containers of various sizes,
and containing varying amounts of the samples, and
of both colorless and anactinic glass, such as are
customarily used in the trade, for different periods of
time, but at room temperature (20° C.), from Septem-
ber to May, inside of a window having direct southern
exposure. The conditions were extreme, but never-
theless were similar to those obtaining in many
pharmacies and hospitals.

The anaesthetic chloroform used was examined
prior to the experiments, and only such chloroform
as was found to be free from all impurities was used.
However, an amount of water equivalent, on the
average, to 5.1 per cent. by volume of the alcohol
was present.# Thus each sample was of pharm-
acopoeial grade.

The method of examination consisted in carefully
applying, in duplicate whenever possible, the tests
for the detection of the oxidation products of chloro-
form and alcohol. Whenever possible, the amount
of these impurities was determined. The methods
used will be detailed in the succeeding portions of
this paper, as each impurity is considered.

The conditions and results of each experiment may
be seen in the preceding table.

From these experimental results, as well as from
others later to be detailed, the authors have arrived
at the following conclusions:

1. The products of the oxidation of pure chloroform
are carbonyl chloride and hydrochloric acid:

CHCI, + H,0 + O, = COCl, + HCI + H,0,;
CHCI, + H,0, = COCI, + HCl + H,0:

We are convinced that oxidation will not occur if
water be excluded, and the absolute exclusion of
moisture appears to be impossible. Hydrogen dioxide
is formed, although we have been unable to detect
it in chloroform undergoing oxidation. and therefore
conclude that its existence is ephemeral; and oxidation
of the chloroform continues throughout the period of
the exposure.s

The decomposition of pure chloroform is favored
by a degree of moisture and is accelerated by light,
as is shown by a comparison of the results obtained
in the experiments wherein colorless glass was used
with those in which anactinic glass containers were

1 See Preservation.

2 This chloroform was prepared according to the method of the authors,
already described, and we think that it was absolutely pure.

3 No cork stoppers unprotected by metal caps were employed. In
the experiments on pure chloroform, glass-stoppered bottles were solely
used.

4 The alcohol content of the anaesthetic chloroform used was deter-
mined quantitatively by the method of Nicloux (see Alcokol).

5 On the formation of hydrogen dioxide when oxygen is enclosed over
water and exposed to light, see Kharichkov, J. Russ. Phys. Chem. Soc., 42,
904; but see particularly Tian, Compt. rend., 1562, 1072, and Chlopin, J.
Russ. Phys. Chem. Soc., 43, 554.
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employed. Moreover, carbonyl chloride is formed
with increased readiness in the presence of acids.?

The extent of the oxidation is dependent upon the
nature of the container, the amount of air present,
the purity of the sample, and the intensity of the
light to which it is exposed. In light alone, when no
air is present, no detectable decomposition occurs
for ordinary periods of exposure; and in cases where
there is air contact alone, and no exposure to light,
the oxidation is slow.

Free chlorine can only result from the photochemical
decomposition of carbonyl chloride:?

GOCI, —+CO FCI}

It is likely that in the cases where ‘“chlorine” was
identified as an indication of incipient alteration of
chloroform, hydrogen dioxide was the cause of the
reactions observed. It will be observed that no
chlorine was found by the authors when containers
of anactinic glass were used.

This view of the oxidation of pure chloroform is
supported in full by the conduct of such chloroform
toward ozoned and certain oxidizing agents, as, for
example, chromic acid,+ in which case no free chlorine
is formed, except possibly through a secondary re-
action, and the products are water, carbonyl chloride,
and chromyl chloride; and by the analogous case of
the photochemical oxidation of iodoform,s the primary
products of which are carbonyl iodide and hydriodic
acid, free iodine resulting only from the decomposi-
tion of the carbonyl iodide and from the oxidation
of the hydriodic acid. In the case of pure chloroform,
the whole reaction is also the sum of a purely photo-
chemical process, since, according to our experiences,
free chlorine cannot result through the oxidation of
chloroform itself, except from a secondary process,
namely, from the decomposition of carbonyl chloride.

2. The products of the oxidation of anaesthetic
chloroform are primarily the oxidation products of
alcohol, and no decomposition of chloroform itself

1 Cf. Lowry and Magson, Trans. Chem. Soc., 93, 121, who observed
that the formation of carbonyl chloride is evidently accelerated by the
presence of acids. :

2 In this connection, see Coehn and Decker, Ber., 43, 130; and Weigert,
Ann. Physik., [4] 24, 55 (1907). The influence of light on the reversible
reaction, CO + Cng COCly, is purely catalytic.

3 Erdmann (Ann., 362, 133) has demhonstrated that ozonme acts on
chloroform as follows: CHCl3 + O3 = COCl; + HCI + O

4 In 1869, Emmerling and Lengyel (Ber., 2, 546) studied the oxidation
of chloroform with sulphuric acid and potassium dichromate. They
found but a small amount of carbonyl chloride among the . products of
oxidation, and incorrectly interpreted the results they obtained, inasmuch

as they believed chlorine is formed: 2CHCl; = 2COCl; + H,0 + Cl,. Erd-
mann (Ber., 26, 1990) showed that the reaction which occurs is as follows:
2CHCl; + CrO3 + Oz = 2COCl; + CrO:Cl; + H0.

In 1869, Schiitzenberger showed that carbonyl chloride is obtained
in good yield by the action of sulphur trioxide on carbon tetrachloride.
On the oxidation of chloroform with chromic acid, see also Cotton, Bull.
soc. chim., [2] 48, 420. On the oxidation of carbon tetrachloride, see
Schmidt's ‘““Pharmaceutische Chemie,”” 2, 148; and Ber., 14, 927.

5 See Plotnikow, Z. phystk. Chem., 76, 337, 385. According to this
investigator, the whole reaction is as follows:

CHI3 + O = COIz + HI; COIs = CO + TIg; 2HI + O == H0 + Io.

In the light, under constant conditions, the iodine separated is pro-
portional to-the time, and if the illumination is removed the reaction still
proceeds, but with reduced velocity. There is no separation of iodine
in the absence of oxygen, and none in a benzene solution which has not |
been exposed to light.
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occurs while the oxidation of alcohol proceeds.x
When the oxidation of alcohol reaches a maximum,
decomposition of the chloroform goes on as in the case
of pure chloroform, with the exception that chlorinated
derivatives of the oxidation products of alcohol may
result.

The retardation is dependent upon the amount of
alcohol present—that is, the alcohol acts as a shunt
through its capacity for oxidation.? The extent of
the oxidation is, of course, subject to the conditions
referred to under 1. It is important to note, however,
that anaesthetic chloroform always contains water,
the usual amount being about o.05 per cent. by volume,
according to our experiences.

3. At the inception of this investigation, it was
considered possible that the instability of chloroform
of all grades might be due to the presence of some
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catalytic agent, the removal of which would lead to
beneficial results, as has been found in the case of
sodium hypochlorite,* for example. Therefore, this
possibility ;was carefully considered, even though the
evidence to the contrary seemed to be of a convincing
nature. It was ascertained that the oxidatipn_";of
alcohol is accelerated by the presence of oxidizable
bodies in solution and that foreign organic substances
have a detrimental influence upon chloroform—
which shows the necessity of having anaesthetic
chloroform of a high degree of purity; but we have
arrived at the conclusion that, given proper purifica-
tion, the chloroform prepared from chloral hydrate,
alcohol, acetone, or carbon tetrachloride is in all cases
identical.? In the experiments just cited, only pure
chloroform and anaesthetic chloroform were used.

(To be continued in the May No.).

LABORATORY AND PLANT

THE ADAPTION OF THE CENTRIFUGAL PUMP TO
CHEMICAL PROBLEMS.?
By F. G. WHEELER,
Received January 11, 1912,

It has always seemed to me that the machine
which is most used in chemical engineering is the
one for moving liquids from one place to another,
either from one tank to another or to circulate it
through wvarious devices for purposes best known
to the user. It makes no difference whether the
engineer wants to raise water from a mine or to dis-
charge a sludge to a stream, the pump in some form
is the most useful agent which can be applied. In
all problems of this kind, that kind of a pump which
has no valves and which depends alone upon centrif-
ugal force to impart energy to the liquid has appealed
to me as the best device which can be selected. As
manufactured during the last few years, it moves
the liquid with less loss of energy than any other
device, stands more abuse and can be operated with
cheaper labor than any other machine for this pur-
pose. In the handling of water in quantities above
100 gallons per minute, it is replacing all kinds of
steam pumps, except perhaps very large fly wheel
engines. It can be used to pump solutions whether
they are acid or alkaline, clear or muddy, viscous
or mobile. In the use of the centrifugal pump for
this chemical service, however, we must have a machine
adapted for the heaviest kind of work. It must be
built for severe duty from the day. it is put into com-
mission to the day it is thrown on the scrap heap.

In selecting a pump for service of this kind, we
must consider first whether it will meet the condi-
tions as well as any other device which we could use.
I have found that in quantities above 100 gallons

1 See Preservation.,

# Additional support to this view is had from the action of pure oxygen
on anaesthetic chloroform (q. v.) and supplementary evidence is given
under Preservation.

3 Read. at the meeting of the American Institute of Chemical
Engineers, Washington, December, 1911. >

per minute the centrifugal will handle any, liquid
which will flow, or can be made to flow readily. ‘The
second point to be considered is first cost. In many
instances the first cost of a machine will determine
whether it can be applied. Because the centrifugal
pump appeared simple, many manufacturers tried
to meet all conditions with it, using the cheapest

‘kind of a machine to compete with the steam pump,

but it has been shown that it is as expensive to instal
a good centrifugal pump at the present time as it is
to instal a steam pump, but the former is thoroughly
well built and a machine which can compete on the
basis of efficiency. it
Historically, the pump has been known' since the
eighteenth century, but the first designs were more
like fans than pumps, and were both crude and in-
efficient. Up to the time when the water turbine
was developed the laws which govern the working of
a centrifugal pump were but meagrely known, and
we have many pumps in operation to-day which were
designed before the turbine was developed. When
the laws which govern the operation of the reaction
turbine were studied, it was learned that the centrif-
ugal pump was in a general way a turbine run back-
ward, and from this were designed various makes of

1 The decomposition of commercial hypochlorite of soda is very largely
due to the presence of small quantities of iron as ferrate in the liquor ( Mus-
pratt and Smith, J. Soc. Chem. Ind., 1898, 1096; 1899, 210).

2 Trillat (Nouveaux Remedes, 1904, No. 13, 289; Bull. gen. de Therap. ,
1904, 46) arrived at a similar conclusion. He undertook to ascertain how
chloroform prepared from chloral hydrate compared in point of purity
with chloroform prepared from alcohol or acetone, and came to the con-
clusion that these kinds of chloroform are, after careful purification and
rectification, absolutely equivalent. Trillat pointed out that foreign
organic substances have an injurious influence upon chloroform, just as do
water and air, and he ascribed the change to catalysis. The formation of
carbonyl chloride, for instance, he found could be caused by mere contact
with the human skin, and this suggested the possibility that it may arise
from contact with the mucous membranes This is. however, still
an open question, and is hardly supported by the work of Burkhardt
(Munch. med. Wochenschr., 1909, 1678). Such decomposition refers, of
course, only to pure chloroform or to such anaesthetic chloroform as con-
tains only a mere trace of alcohol..

We have shown here the necessity of having chloroform of sufficient
purity. The care required for its maintenance in an unaltered state will
be discussed under Storage.

-
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centrifugal pumps which operated much better than™

the old type. There were many difficulties still to
be overcome, and it has been but a few years that
we have had a really efficient, commercial machine,
which competes with other devices because of real
merit.

We are all familiar with the cheap centrifugal
pump used by contractors and many factories at the
present time. I have seen them used in excavations,
quarries. paper mills and many other places. They
have a two-piece shell, overhung from the support
at one side. They are split vertically, and have a
single suction on the side opposite from the support.
An open fan-like impeller does the work, and enters
the casing from the side of the support through a
gland which acts like a bearing. It is claimed that
this overhung casing has the advantage that the
discharge can be turned in any direction. We shall
all have to admit that it does have this advantage,
which is really that of saving one ell. Its disadvan-
tages are many. There is one modification of this
which has a solid scroll and two side pieces, but the
principle is the same. The single inlet causes an
axial thrust toward the suction, and the first altera-
tion in design was to make the machine with a double
suction. This made the casing still further from the
support, and to overcome the long overhang, another
gland was placed on the outer end of the shaft. This
I presume was to be used as a bearing to help support
the shaft, but in pumps I have examined, the gland
only wore out the outer end of the shaft, either from
the vibration of the casing or the strain of the impeller.
This overhung casing in some sand pumps was changed
to one having a central support. This was considered
severe service and it was thought the better method
because it decreased the gland wear and helped keep
the shaft in alignment. This central support has
been almost universally adopted at the present time,
but for many ‘years the manufacturers retained the
overhung casing as being of advantage in changing
the direction of the discharge, and a much cheaper
construction. There are still some of these casings
used,*even with more modern pumps. One maker
used the suction pipes to support the casing, but I
have seen only those of this one manufacturer supported
in this way. All the pumps so far described, are
inefficient, inaccessible and crude, because they have
a minimum of machine work to make them fit; they
are rough castings, thin, and poorly designed. If
used for anything but the handling of water they
quickly give out, requiring repairs or new castings.
The wear on the shaft in the glands, where these
were used as a bearing, caused the builders to put
in outboard. bearings, supported directly from the
concrete foundation. Many, however, even at the
present time, use the glands -as bearings, and the
shafts are lubricated in these glands with grease or
: oil. The next improvement of any importance came
about when the laws were studied more closely:
the open fan-like impeller was shrouded and finally
supplanted by what is known as the enclosed or
shrouded impeller. There were many modifications
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made by different manufacturers, such as the single
suction, the double suction, and the double-single
suction where the dividing wvane came to the pe-
riphery. All worked upon the same principle: what
entered at the hub must be discharged at the rim.
This put more energy into the water, and not so much
into friction. Between the sides of the impeller
and the wall of the casing, the water revolves only
half as fast as it does with the open impeller, because
with the open impeller the clearance between the
vanes and the sides must be a minimum, and the
water must brush the sides as fast as the impeller
revolves, where the closed impeller has greater clear-
ance and the speed of the water divides itself between
the revolving disc and the sides. This increases the
efficiency, and also decreases the wear on the casing.
It makes an efficient machine which can be built
more easily than an efficient open impeller pump
because the clearance need be at only one location.
In an efficient open impeller pump, the casing and the
sides of the vanes must be accurately machined to
fit. With all of the open impeller pumps I have ex-
amined, however, the casing and the vanes were only
as smooth as the castings fresh from the mold, and
no attempt had been made to make the clearance
particularly small. I have seen a clearance of over
1/4 inch, and the pump had an efficiency of 20 per
cent. I have seen a six-inch pump in a paper mill,
lifting about 1000 gallons per minute to a height of
about 30 feet (which is about %%/, horsepower)
being driven by an 8-inch double-ply belt, which was
so severely treated that the complaint concerning
the pump was that they didn’t seem to be able to keep
belts on it. The speed of the belt was about 3000
feet per minute, and it should have been able to do
30 horsepower work easily. The only way in which
a centrifugal pump with an open impeller can be
made to work satisfactorily is to put on a large motor
or engine.

The next improvement of noteworthy importance
was the splitting of the shell horizontally. Many
manufacturers at the present time do not do this,
but it lends an advantageous accessibility to the
pump. With the shell split in this manner the entire
inside of the pump can be opened in a few minutes
either to clean out or renew, without disturbing .
piping or motor. It simplifies greatly the use of
renewable running rings which are very convenient
with enclosed impeller pumps. Two men can open a
horizontally split pump of moderate size, clean it
out or renew the rings and have it together again in
about one hour. I have seen two men work six hours
to open and put together again a pump which has
to be taken out endwise. Of course, we are told
that the pump is so well made that it doesn’'t have
to be opened 'very often, but it is not foreseen whether
the user will get some chip, or nut or bolt in it; this
often happens from new piping or where some repair
is being made to an intake. Several of the manufac-
turers who once made the solid shell pump, are chang-
ing to the horizontally split.

There are various difficulties which occur in the
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operation of centrifugals, and manufacturers have
been working to overcome them. The first trouble
of any importance, after the centrifugal was designed
according to scientific principles, was end thrust.
This was overcome hydraulically by various methods,
but there is almost always some unbalanced thrust
that will cause trouble if it is not cared for by mechan-
ical means. The thing next in importance is low
efficiency. Every effort in both design and construc-
tion had been given to create pumps which will deliver
the highest possible amount of energy compared to
that put in. Large strides have been made, and new
ideas are described with great claims for them. There
has also been simplification of parts, so that pumps
can be built as cheaply as possible.
these up more in detail, I shall recall a few of the
principles which govern the design of the centrifugal.

In the first place, I would like to point out that
formulas have been worked out for almost every
part of every kind of pump. As with the water tur-
bine, the design of the water passages, the shape of
the vanes and the peripheral speed of the impeller
have to be fixed for a definite amount of liquid against
a definite head. If this amount of water is changed
in any way whatever, the efficiency will drop; the
alteration of the head will also change all of the di-
mensions. For this reason many manufacturers work
out from operating pumps a set of charts which they
follow, and the result is that the pump they deliver
is not perhaps according to the best theories which
have been formulated, but will meet conditions which
the other pump will not. Even at the present
time, if one wants a very flexible pump in regard to
capacity and head, the manufacturers will not guar-
antee efficiencies very closely. One may work out
on the drafting table the exact shape of the water
\

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

Before taking

April, 1912

It is then simple to find the pipe diameter. Secondly,
we have to determine the head against which the pump
is to discharge. This total head is made up of several
different parts—pressure, suction, friction, velocity
and orifice heads. If the inlet and outlet of the pump
are the same, the orifice and velocity heads are meas-
ured as the suction head. The total head then be-
comes the sum of ‘the pressure, suction and friction
heads. To better understand how to adapt a pump
to any total head; let us consider what speed must
be used to force water up into a very high standpipe.
If the water has reached a standstill and nothing is
being discharged, the speed of the impeller must be
such as to hold the water against that pressure. It
can be compared to a falling body, and the velocity
of the periphery of the impeller will be the same as
that of a falling body, falling from that height in
a vacuum. We can easily calculate that speed from
the' law of falling bodies, V = a/2gh. For the
pressure which the pump can maintain with no dis-
charge this law will be exact, but when the pump
delivers water, there are a large number of other factors
to be considered. The first factor is the angle between
the vane in the impeller and the tangent at the rim,
In a general way the larger the angle, the less the pres-
sure will drop with an increased delivery and constant
speed and wvice versa. If the angle mentioned above
is small, the pressure will drop; if it is about 30°,
it will be almost constant; if 45°, it will rise slightly
at first and then drop with increased delivery and if
radial or greater than go®, it will rise almost its entire
length. For ordinary work, the different manufac-
turers have a set of curves which show exactly what
each form of impeller will do. These are obtained
by testing every pump they make and tabulating the
results accordingly. For the working pressure the
formula then becomes V = na/2gh, where
n is dependent upon the .angle between
the vane and the tangent to the circle.
The amount discharged will also depend
upon the width of the slot. If we draw a
parallelogram with the base equal to the
peripheral velocity, the angle between the

-

’/ Arngle of varne
/ & Zarngerit

channel, for instance, and any slight error made in
the pattern shop, in the foundry or in the machine
shop will alter the desired fine point so much that it
will be completely lost. After the little alteration
is made, and even worked up to the finished pump,
a slight change, such as the pressure of the gland on
the packing will more than offset the advantage gained.
For this reason, we may aim more to accomplish what
i1s wanted in the adaptability of the pump than to
gain a small increase in efficiency.

~ The size of the pump is determined by the amount
of liquid and the speed at which it is to be discharged.
Usually a speed of 10 to 12 feet per second is used.

 Feripheral Speed

base and the side that of the tangent of
the vane and the tangent of the circle
and the altitude equal to the velocity of the
water from the impeller, then the diagonal
drawn from the angle of discharge will be
the velocity head of the water under those
conditions. Theoretically the cross-section area of the
slot at the rim should be the same as the suction
opening at the hub, but many manufacturers make it 83
per cent. of that area, increasing the speed of the water
slightly as it passes through the impeller. From this, for
a given discharge rate of flow, it is seen that the width of
the slot depends upon the diameter of the impeller, which
in turn depends upon the speed at the periphery and
the working head. Many different kinds of motive

- powers are used and to.meet the speeds of these the

pump has to be designed with different impeller di-
ameters so that the proper peripheral speed may be
obtained according to the head and vane of the im-
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peller. Since the angle of the vane controls the value
of n in the formula V = na/2gh many designers
keep that angle the same at all diameters, so that
the diameter of an impeller can be changed by simply
turning it down on a lathe. A spiral having that
property is a logarithmic spiral having the equation
Log p = b0 or p = ac??. Tt will also be noticed from
the law of falling bodies that the head varies as the
square of the speed. In other words, if we want to
double the head we multiply the speed by 1.414.
Also, if we increase the speed at the rim, we increase
the speed of the water through the impeller, so that
the pump will discharge a much larger quantity of
water. The increased amount of water which the
pump will throw will depend upon the size of the
suction opening and the internal friction of the impeller
itself. This can be closely determined by using a
constant for the impeller. This constant is equal
to the quantity at any given speed, divided by the
square root of the head.
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has an enclosed impeller and but one suction. The
idea consists in placing a running ring on the side of
the impeller opposite the suction and connecting the
chamber so made with the interior of the impeller
by suitably placed holes. This and other devices
to overcome the end thrust of single suction pumps
is very satisfactory as long as the pump does not
wear beyond the point of adjustment. In double
suction pumps the pressure is hydraulically equal.
It is better, however, to place a small collar where
it can take up inequalities. There are many little
things within a centrifugal pump which might cause
thrust, and some of these are utilized by different
manufacturers to balance the axial pressures, but
the amount of thrust will change with wear and there
are usually troubles from this source. Besides the
single suction feature, thrusts will be caused by ribs
inside the casing. If there is need for repair of a
brace inside the casing, the rib or lug will cause an

If then, we determine 7 in

the formula V = na/2gh,

where 7 is the ratio be-

tween the working head
and the.shut off head, and

then apply the above for-

Q 100
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7 4o
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the larger surface. In the

installation  of the centrifugal pump, the quantity
and the head for which the pump is designed should
be adhered to as closely as possible. There will be
a narrow range in which the efficiency of the pump
will be the highest. . Every effort is made to make
that range as wide as possible, for under every-day
working conditions, we cannot expect the pump
which will pump only one quantity against one
head to be satisfactory, and the larger the range
under which a pump can be used, the better it will
be commercially. Some of these difficulties can be
overcome by the use of some kinds of motors but they
will be considered later. :

As stated before, one of the practical problems in
the design of a centrifugal pump is taking care of the
end thrust. There have been various ways of balanc-
ing this hydraulically, but the more important ones
are those which were devised by Jaeger and by the
Sulzer Bros. in Germany. With single stage pumps,
the one devised by Jaeger is used where the pump

" piece to fill

unequal flow on one side of the impeller, and thrust
will result. Another cause is that in the casting of
an impeller the core is usually made in two pieces,
and if these are not placed properly the vane will
have a diagonal slant which will cause umequal dis-
charge from the rim. Also there will be an oblique
discharge from an impeller, the one side of which is
shorter than the other side, or, if an impeller has a
piece knocked out of one side, it must be filled in very
accurately and carefully, so that there is neither a
lug on the side of the impeller, nor an open place in
the rim. The best way to remedy this difficulty
is to put a ring entirely around the circle, with the
the opening attached to it. A large
number of manufacturers consider it an advantage
which increases the efficiency of a pump to use diffusion
vanes. If diffusion vanes placed in the casing are
not exactly in line with the slot in the impeller, there
will be thrust, so that if any are operating a pump
having diffusion vanes and, after it has been assembled,
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the bearings begin to run hot, it might be from this
cause. There is another way of balancing a single
suction impeller, and that is by using a disc attached
to the shaft and so located that the pressure of the
discharge is on one side, and either atmospheric or
suction pressure on the opposite side. The criticism
of this type is that the wearing joint will increase
the leakage, and the thrust will not then be balanced.
To increase the efficiency, I have mentioned the
enclosed impeller. The angle of the vane will influence
the efficiency for the reason that it will increase or
decrease the internal friction by changing the length
and cross-section of the channel. Also, the smaller
the angle the lower is the working pressure at the same
peripheral speed. This necessitates running an im-
peller with the small angle much faster than one with
the larger to obtain the same working head. This
creates more friction and a lower efficiency. Since
the angle of the vane is determined by the character-
istic desired, this loss of efficiency must be balanced
against the advantages of the particular character-
istic needed. One of the chief losses in the pump
with the enclosed impeller, and the only one which
will be considered, is the back leakage from the dis-
charge chamber to the suction chamber. This will
amount ordinarily to about 5 per cent. Different
devices have been used to make this a minimum.
Some are simply closely fitting rings, while others
are labyrinth packings. The use of a Ilabyrinth,
however, necessitates clear water with no grit. An-
other loss is from eddy currents within the casing.
This has led to the use of diffusion vanes. These
are vanes shaped in the casing to gradually direct
the water from the rim of the impeller to the discharge
of the pump. They are used to prevent shock losses.
There is a discussion now between the different manu-
facturers as to the advantage of these vanes, each
one claiming the other to be in the wrong. There
is only one point which is really interesting, and that
is that the one who does not use diffusion vanes com-
petes upon an equal efficiency basis with the one who
does. To still lower eddy currents, one manufacturer
divides the casing opposite a radial discharge with
a vane so arranged that the water must take the shorter
route to the discharge opening. This pump seems
to show about the same efficiencies as the others.
There has been introduced recently a pump in which
the diffusion vanes are fixed in a ring that can turn
free from the hub of the impeller. The shape of the
vanes in this ring are of course different from those
in the stationary vane, and it is claimed that this
revolving vane increases the efficiency 25 per cent.
There is always the aim to use a more simple de-
sign to decrease the price. When a manufacturer
has to meet competition, he will frequently offer

a pump which is simpler, and for which the same °

efficiency is guaranteed. It will be seen on close
examination that there is a lack of one of the chief
features desired—either accessibility, ruggedness of
design, or some such point. The pump will have
but one bearing, and will depend either upon a gland
for a bearing or upon a rigid coupling to the motor
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shaft, and use the motor bearings. Another scheme
is to place the armature of the motor and the
impeller of the pump on the same shaft. One manu-
facturer has brought out a line of both horizontally
and vertically split pumps, so that they can be as-
sembled in single or multiple stages to suit the con-
dition. The use of the vertically split shell seems to
me to be a poor design for the reason that just where
one needs wearing qualities, there is a joint and
packing. Also, the distance at the running joint
depends somewhat on the packing. With the single
piece volute or the horizontally split shell, the running
joint is always fixed when the rings are made, and
the distance between them is a minimum. I might
state here that in replacing a sheet packing at any
time in a pump, the new packing should be exactly
the same thickness as the original packing, because
in machining the case, the work is usually done with
the packing in the joint, and in order to have the
casing the correct shape, the thickness of the packing
must be the same.

When purchasing a pump from the dealers, the
details should be most carefully examined. There
has always been an impression, created by the first
forms of the centrifugal, that this type of pump
must be necessarily cheap. For this reason there
are many pumps offered to-day which are built en-
tirely on the old lines. These pumps cost about
one-third of what a good centrifugal costs, and although
the efficiency might be quite high at the start, it
soon drops. I have tested new open impeller pumps,
which had an efficiency of 18 per cent. These pumps
are offered in competition with the better grade,
and the efficiency is stated as high or even higher.
Some have put enclosed impellers in old casings and
so forth. I know of an instance where a firm made
inquiry for a pump to handle 5000 gallons per minute
against 50 foot head. One of the firms who had been
building pumps of the old type had advertised very
widely a pump they had just designed and it was
thought advisable to give them a chance, more par-
ticularly since the size of the pump advertised was
the size needed. They had mentioned an efficiency
of 70 per cent., and other features known to be of ad-
vantage. When the proposal was received, it was
the same old design, with the open impeller, the glands
for bearings and so forth, which they guaranteed
to have an efficiency of 70 per cent. They were asked
why they had gone to the trouble of designing and
advertising the other pump when the old style was
guaranteed at the same efficiency, etc. No answer
was ever received. Many of the dealers in the old
line advertise the same as the more modern manu-
facturers and when a purchaser sees that the machine
is not up to the guarantee. they offer every possible
excuse. One of these pumps failed when tried on the
work for which it was intended. The pump dealer
said that it was the turbine, and the turbine dealer
said it was the pump. I have seen them use motors
out of all proportion to the efficiency guaranteed.
Recently in one of the most modern plants in Detroit,
I saw one of these pumps with a 40 horsepower motor
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doing 14 horsepower work, and the motor was running
so hot that the hands could not be held on the frame.
The pump was guaranteed higher than even the most
modern pumps can reach, but the motor pulled the
load and the’ outfit was thought satisfactory. The
longer an enclosed impeller pump is operated the
smoother it becomes and the higher is the efficiency,
provided that the running rings are not unduly worn.
These can be replaced at very slight cost at any time,
and the efficiency will be higher than when the pump
was new,

. In using one of these pumps for chemical problems,
there are many things to consider besides the efficiency,
yet this should be kept as high as possible. The pump
must meet the conditions, and when the chemical
engineer has to pump liquids of different densities
from * different tanks, at different levels through
suction lines of different lengths to tanks similarly
situated, the head is by né means constant, the gallon-
age varies through wide limits, the power required
varies sometimes 3oo per cent., and the dealer says
it cannot be done. Other manufacturers think
they can meet the problem, but it is too wide and
varied for them to understand, and the pump frequently
fails. A pump was purchased by the writer for moving
a heavy viscous liquid full of sediment from one tank
to another, a firm having agreed to build a special
pump at twice the regular price of one made for water.
It came and was installed under protest because
many parts seemed too light, the slot too narrow,
etc. The builder said to instal, and if it did not meet
the conditions they would repair. The pump lasted
three weeks. The glands were torn out, the sleeves
on the shaft were scored and cracked, the liquid had
wormed its way into the joint between the impeller
and the shaft causing the runner to wobble. It was
torn beyond repair, and the running rings were useless.
The firm rebuilt the pump, and it is now pumping
water. We designed and built our own pump after
that trial. = In the design of that pump, we eliminated
everything we could and built a very heavy design
throughout.

In a pump for chemical use where the upkeep is
considerable it seems to me that simplicity should
be the first consideration. Although small clearances
might increase the efficiency slightly, they should
be avoided except in the running rings and these
should be made easily replaceable. Avoid a labyrinth
packing, because it has too close clearances, and
will wear excessively. TUse single stage pumps,
using two rather than one double stage. In this
way the use of diffusion vanes are avoided, and narrow
passages are not needed except in the impeller. At
the exit of the impeller, do not make a narrow running
joint, but leave it more like a box. The efficiency
may not be as high, but you can then alter the size
of the impeller at will, and there are only smooth
surfaces within the casing. Secondly, the chemist’s
pump must be easily accessible. For this reason,
we built a horizontally split machine. These are
made by several manufacturers, and are very easily
opened to clean out a choked impeller. or to renew
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running rings. Another change which we made
on the pump was the separation of the suction opening
from the volute. On most of the pumps of this type,
unless they are extremely large, the entire volute
and suction connections are made in two pieces,
but for accessibility and renewals, we separated the
casing into seven pieces, the upper half, and the lower
half, of the volute, two pieces divided horizontally
on each side, and the two suction inlets were joined
by a Y pipe. The running rings should be as plain
as possible, because all edges will wear. If a passage
with an angle in it can be used it will be well to put
one in, but each part should be made so that it is
replaceable. In all cases I would recommend out-
board bearings: These may rise from the base, or
be located on cantilever supports from the side of
the casing. This arrangement prevents weight and
wear coming on the glands, and they can be oiled
or adjusted at any time. They should be much
heavier than for water and if precipitates are to be
handled, I would use heavy thrust collars, for a chunk
of material may get into one side of the impeller and
none in the corresponding side before the first
one is worn down and forced through by the liquid.
The result is end thrust which has to be taken up
mechanically, and if it is not cared for by a thrust
collar where it can be oiled and adjusted, it will either
force the shaft over against the motor, or push the
impeller over to the side of the casing. I do not
think that a marine thrust bearing is necessary, but
a thrust collar will not be useless. Frequently,
rivet heads, bolts or trash will get into the chemist’s
pump from open tanks and these will disturb the
hydraulic balance of the pump. In pumping pre-
cipitates, a screen inserted in the suction pipe increases
the suction head on the pump, and sometimes will
plug with the precipitate. Before inserting such a
screen, the local conditions should be very carefully
considered.

The pump for chemical purposes should be built
very heavy and rugged. The casing should be made
very thick. As a general rule, it seems to me to be
much better to build the casing very heavy than to
use a thin casing and line it. In pumping alkalis
and some acids, the casing can be of the same material
as the liner, and the outside skin of the casting will
stand more than most materials of which a liner can
be made. There is good reason, that of electrolysis,
why a lining of a different material should not be used
in a chemist’s pump. This will be emphasized later.
This also applies to sleeves on shafts. It is better
it seems to me to replace a shaft, if it is of not too
expensive a material, than to use a sleeve. There
is always corrosion at the glands, and where there
might be electrolysis a sleeve does more harm than
good. With the heavy casing should be used heavy
flanges. These will stand any pressure which might
be put on them from outside. If a pump plugs

* with a precipitate, the easiest way to clean it out is

to put high pressure water on the pump and push
the plug out or dissolve it. The heavy casing and
flanges will not give trouble under these conditions.



204

I have seen thin pumps break when this was being
done. They will also stand much more water hammer,
which sometimes occurs when a pump is pushing
the water to the top of a tower or standpipe and is
suddenly stopped. I have mentioned the shaft and
glands. These should be built heavier than for water
and it is better to so shape the casing at the side
that it protrudes inwardly to the impeller, because
this method keeps the liquid or precipitate from the
shaft. No sleeve need be used with this construction,
and the casing takes the wear. I have seen these
inwardly projecting pieces chew down over one-
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fourth of an inch in eighteen months. We simply
machined them back a short distance, and kept them
in service. Another point about the gland piece
itself is the fact that when there is a liquid pressure
on the gland, there might be a slight leakage from
the joint where the shaft enters it. It is well to make
the gland thick, and put a channel in the outside of
the gland piece so that there will be no spray radially
from that point.
channel and from there to. suitable receivers. The
impeller will wear away faster than any other part.
This is due to various causes, and the only way which
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will really give the best service, is to build it very
thick and heavy. For water, the usual thickness
is about 3/,, inch, but I do not think 3/; or %/, inch
too much. I have seen cast iron impellers of that
thickness wear out in 4 months so that the thinner
impeller would be almost useless. This means special
patterns for the manufacturer of water pumps, but
it more than pays. In placing the impeller on the
shaft, be sure that the liquor will not be able to get
at either the key or the shaft. If it does it might
cause the impeller to wobble, with results that are °
obvious. The surfaces should be as smooth as possible,
but it is not necessary to make them as smooth as
for pumping water. Most solutions will wear them
smooth very quickly, and will destroy any imper-
fections rapidly, so that an impeller which has been
used for a month will show a very much higher effi-
ciency than the new one. I have seen an impeller
which we did not take the time to polish have a capacity
of 200 gallons per minute and an efficiency of 235
per cent. Four months later this same impeller had
a capacity of 300 gallons per minute and an efficiency
of 6o per cent. The efficiency usually guaranteed by
the manufacturers of this type of a pump is between
45 per cent. and 358 per cent. In the construction
of the chemist’s pump various materials can be used.
For alkalis an all-iron pump meets the condition
very well. When the alkalis are full of
a precipitate a harder metal must be
used. The running rings may be made
of monel metal, or nickel steel.

For some solutions, we can build the
pump of bronze, monel metal, hard lead,
or stoneware. I do not like stoneware
pumps, as the strength of the material
is very low, and because of this, slow
speed must be used. This means that
the efficiency is low, and as I have
never seen a stoneware enclosed impeller,
the efficiency will be very low indeed. I
have never had a stoneware pump tested, but better
made iron pumps took power out of all proportion to the
work done. One of the problems which the chemist must
always face is the speed of the impeller. With water,
and most alkalis, the impeller can be made of monel
metal and the rim speed can be most anything desired
or practical, but in pumping acids, it must be very
carefully examined. Many of the metals and alloys
withstand acids for the reason that there is formed
on the surface a skin of oxide or a salt, which adheres
to the metal and protects it. When this is used in
a reciprocating pump, the salt is hard enough to
withstand the slow speed, but on the rim of an impeller
it quickly erodes, and the impeller is dissolved very
rapidly. Some alloys which will resist acid for years
in tanks, etc., will dissolve in a few hours when made
into an impeller. The only way out of the difficulty,
is to either use some other form of pump, or to use
several pumps in series, keeping the rim speed of
the wheels slow enough to leave the protecting skin
The multiple stage pump for chemical
use has too many complicated parts in one casing.
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Several single stage pumps in series it seems to me
are better, for then trouble can be exactly located
and quickly eliminated.

Corrosion also might be from the use of different
metals, causing electrolysis. ‘With a rapidly moving
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a peculiar cutting action appears on the under
side of the impeller vane. This is more pronounced
than on the upper side, and it cuts away the outer
edges faster than the center leaving a ridge. Not
only does the slot become broader, but the out-
side of the shroud also wears away, about
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surface, which is always clean and bright, electromotive
forces will do far more than where sediment is allowed
to collect. I have seen monel metal withstand alkali
solution for months, even at high speed, and I have
seen a monel metal running ring worn out in a month,
where a bronze ring was placed next to it. Many
times, two metals such as cast iron and mild steel
will have an electromotive force between them suffi-
cient to cause trouble, and a peculiar fact is that one
may be positive in a dilute solution and the opposite
in a more concentrated solution. This is probably
due to the fact that the change in the dissociation
of impurities changes the real electrolyte.
times it is possible, by placing in the suction line
a heavy thick pipe made of a metal which is electro-

Some-.

Great care should be taken in providing
the stuffing boxes with some means of preventing any
possible leakage of air. When handling cold solutions,
a convenient means is to place a grease cup in such
a way that the packing can be filled with the grease
at any time. In this way, the wear on the shaft
at the packing is very slight, and no air can break
the suction. If hot liquors are being handled, a con-
nection from the volute to a lantern in the stuffing
box will effectually prevent trouble, but if there is
a precipitate in the liquor it is sometimes necessary
to use a clear liquor from some outside source under
pressure to keep the gland tight. The most trouble-
some problem which I have had with these pumps
has been in pumping a heavy precipitate with a pres-
sure on the suction of the pump. In spite of a large

positive to the material of

the pump, to plate and keep
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pump, so that both the

pump and the pipe will last
for a long time, where the

pump alone would quickly

corrode. . This makes the
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one metal, all the different

electro-negative parts be-

come polarized, and the

COrrosion ceases.
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stream running into the stuffing box from an outside
source, the precipitate will force. its way into the
packing and cut it into pieces very quickly. I have
seen a 3/g.inch packing, 6 rings deep, cut to pieces
in one hour, by salt getting into it. In pumping
milk of lime, two stuffing boxes had to be repacked
twice a day. because there was a pressure on the suc-
tion of the pump. I inserted a plate in the suction
line of the pump, which reduced the pressure to one-
inch vacuum, while the pump was running, and the
box did not have to be packed for a month. The
question of packing has been a difficult one to solve.
I have used asbestos, which is usually filled with some
cotton. I have also tried asbestos with phosphor
bronze wire, and various kinds of metallic packings,
but all seem to cut the shafts quickly. The best
shafts I have used have been of monel, although I have
tried cold rolled steel, government bronze, phosphor
bronze and tobin. ;

There is one point to be made in handling sludges.
They are naturally hard to pump. Many of us at

THE JOURNAL OF INDUSTRIAL AND ENGINEERING CHEMISTRY.

April, 1912

that the hand could not remain on them at all, but
comparatively cold on the bottom.

The chemical engineer has to contend with a variable
viscosity. This is of far more importance when using
a centrifugal pump than in using a reciprocating or
rotary device. The mechanical losses in the centrifu-
gal ‘arise from several causes. Among these are
mechanical friction, liquid friction, back flow, shock,
and eddy currents. When handling water, these
each assume some particular percentage of the total
loss. A more viscous substance changes both the
total and the different component losses. For this
reason, pump manufacturers will not guarantee
efficiency for anything but water. In both cases the
mechanical friction will remain the same for equal
loads. There will be a much larger liquid friction
due to the fact that the liquid will not flow through
the impeller nor allow the impeller to revolve so easily.
The back flow will probably be slightly less due to
the friction of the slot. The shock and eddy
current losses will be more for the reason that the liquid

cannot adjust itself so easily

to its surroundings. Ihave
been hoping to be able to

give you a curve which

would show the relative

efficiencies of the pump
with which I have been

working compared to the

relative viscosities. Owing

to the trouble of measuring
the amount pumped and

the necessary alterations

to accomplish this, I have

not been able to work
the data out at this time.

We may use larger piping

and slower speeds if the

viscous solutions contain
no sediment. The impeller

should also be built to

deliver at a very much

100
S o
90 —1|
80
L B
q - X
< N
% Lt \\\
{ o D
N 4w
N \
K 3 X \
20 \\ \\
10
A0 80 120 160 200 240 320 400 600
G P

first thought would try to overcome this difficulty
by using one size larger pipe. In doing this we would
make a very gross error. We should use one size
smaller pipe, and a pump which will give enough
pressure to push the sludge through it. The cause
for the precipitate remaining in suspension is the
speed of the liquor. If the pipe is large the speed
will be slow, and the precipitate will tend to settle
out and drag along the bottom of the pipe until it
cakes and fills up the pipe to the point where the
speed will overcome the settling action of the pre-
cipitates. Therefore, it seems to me to use the smaller
pipe, using a higher pressure at the pump, and move
what was intended is better than to use a lower head
pump, and let the pipe fill up which gives a rough
surface, and then one has to pump whatever the
piping might allow. I have seen horizontal pipes
which were carrying hot solutions so hot on top

slower speed than for water.
In this way, the efficiency
might be kept up reasonably
high. In using a motor for this purpose, allowance
should be made for both the higher specific gravity
and the lower efficiency. When calculating pipe
friction the viscosity will greatly alter the water
rating. When a centrifugal is pumping any liquid,
if the head changes, as in changing from one tank
to a lower one, it will not affect the working of the
pump so much as one might think. Although the
pipe may be shorter, and the tank lower, an increased
amount of liquor will raise the pipe friction so much
that the pump will alter its load but slightly. This
may be a more expensive way of pumping than if
the pump were made for the lower head but it makes
the pump adaptable to both conditions. Frequently
a pump can be designed to pump a small amount
to a much higher or even a lower head than the normal
rating. Each condition must be studied most care-
fully before installing.
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There has been developed a novel pump for the
use of chemical engineers which has an application
where other machines fail. The most serious difficulty
in handling acids is the material of which the pump
can be made. A line of hard lead pumps designed
like those of 20 years ago, has been on the market
for a long time. They cut out very quickly, and most
of the trouble is at the gland where the sleeves quickly
erode so that the steel shaft is exposed. This pump
overcomes all such troubles for the reason that it
has no gland, nor packing, and can be made on the
most modern lines. The impeller can be either en-
.closed or open, and it can be built for heads up to even
75 or 8o feet. The shaft is vertical, very heavy and
covered with a hard lead sleeve. It is supported
from two bearings placed from 3 feet to 6 feet apart
according to conditions. The impeller is at the lower
end of the shaft, overhung perhaps 6 feet. Around
the impeller, is a suitable casing with discharge con-
nections. The suction opening to the casing is the
novel feature. It extends upward like an open
pipe for about four feet. The liquid to be pumped
is simply fed into this open pipe, either at the top,
or in the side. The surface of the liquid in this pipe
assumes its own form, but as long as there is any
in this receiver it will be forced according to the
speed and construction of the pump. They can be
built of any capacity or head desired.

In closing, I want to mention an arrangement of
a centrifugal pump with direct current electric motors.
We all know how a series wound motor will operate
under varying load. It changes its speed running
faster as the load decreases. If in pumping sludges,
we use a pump with a .drooping characteristic and
then use a highly overcompounded motor, the pitch
of the characteristic can be made very steep. The
operation of a pump under these conditions is such
that a decrease in quantity discharged decreases the
load on the motor, which instantly speeds up, creating
more pressure and removing a plug almost before it
has formed. This same idea could be applied to a
pump which has a rounded 'characteristic. As the
pressure tends to drop with the quantity on very low
discharge, the horsepower will also drop, causing the
motor to speed up. The result is that the shut off
speed of the motor is higher than the working speed,
and the shut off pressure is accordingly higher. If
we have to pump into a tower, where the starting
pressure must be higher than the operating pressure,
this motor will assist in obtaining that result without
using the impeller with the longer channels. Many
times also, an adjustable speed motor will help us
to obtain that flexibility of the steam pump, with
the advantages of the centrifugal, with a speed varia-
tion of less than 40 per cent.

NEW FORMS OF GAS ANALYSIS APPARATUS.*
By G. A. BURRELL.
' Received January 2, 1912.
The gas analysis apparatus here presented were

1 Paper read before the Industrial Division of the American Chemical
Society, 45th meeting, Washington, December, 1911. By permission of the
Director of the U. S. Bureau of Mines. ¢

AND ENGINEERING CHEMISTRY. 297
assembled by the author for the conduction of work
having to do with the examination of mine and natural
gases. The points of novelty involved lie "in the

-entire assemblages. - The author took what he con-

sidered some' of the best features common to some
other types of apparatus and assembled them in the
apparatus shown.

This particular apparatus is useful for a large class of
analyses and quite precise work can be performed with it.

The burette has a capacity of roo cc. and is gradu-
ated in o.10 cc. Readings can be made to o.o5 cc.
The compensating attachment is similar to Hempel's
adaptation of Petterson’s principle. Mercury is used
both in the burette, combustion pipette and maﬁometer
tube j. The gas sample is drawn into the burette
through the 3-way stopcock g. The burette is gradu-
ated from g down. Pipette a contains caustic potash
solution for absorbing carbon dioxide; & contains
fuming ‘sulfuric acid for absorbing unsaturated
hydrocarbons; ¢ contains alkaline pyrogallate solution
for absorbing oxygen. These three pipettes contain
glass tubes (not shown) for increasing the absorption
surface of the solutions as in other Orsat pipettes;
d and e contain cuprous chloride solution for absorbing
carbon monoxide. The pipettes d and e are similar
to the pipettes devised by J. E. Babb* and used by
him for absorbing carbon monoxide from a gas mix-
ture by means of cuprous chloride solution. A side
view of the pipette is shown at m. The gas mixture
as it enters the pipette passes down through the cen-
tral tube extending into the pipette. It then bubbles
up through the solution.and lodges in the top of the
pipette, forcing the cuprous chloride solution into
the reservoir bulb of the pipette. To draw the gas
back from the pipette, the stopcock is turned as
shown at m. Two_pipettes of this character when
filled with cuprous chloride solution are sufficient,
when one of the solutions is kept quite fresh, for the
removal of carbon monoxide from mixtures, even
when the former is present in great concentration,
and for the analyses of any of the industrial gases
now used for heating, lighting and power purposes;
f is the slow-combustion pipette. The slow-com-
bustion method of burning the combustible gases
in a mixture, admits of the use of a larger quantity
of the residual gas for analysis, than when the ex-
plosion method is used. This is especially important
when the mixture being analyzed is rich in com-
bustible gases, as natural gas, which contains, not
infrequently, ¢99% of paraffin hydrocarbons. Re-
sidual gas left after the absorbable constituents are
removed and which is rich in combustible gases is handled
in the following ‘manner: The gas is passed into
the slow-combustion pipette, and the platinum wire
therein heated to a white heat; sufficient oxygen
is then introduced into the pipette, at the rate of
10 or 20 cc. per minute, to completely burn the com-
bustible gas. The slow-combustion method pos-
sesses a further advantage in that hydrogen or elec-
trolytic gas does not have to be added to a non-ex-
plosive mixture for the combustion.

1 Engineers’ Society of Western Pennsylvania, 20, 421 (1904).
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For a separate hydrogen determination, the pal-
ladium asbestos tube shown attached to » is inserted
just above the slow-combustion pipette f. A small
alcohol lamp mounted on a stand provides the neces-
sary heat, about 100° C., for the combustion of the
hydrogen.

The pipette z contains alkaline pyrogallate solution.
Before beginning a series of analyses, air is introduced
into this pipette and the oxygen removed. Before
beginning a particular analysis, a few cc. of this
nitrogen are drawn through the tube p into the burette
and then discarded into the atmosphere to sweep out
of the tube p oxygen or other gases left there from a
previous analysis. This procedure in conjunction
with the drawing of the gas sample into the burette
through the 3-way stopcock g avoids the so-called
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plosion pipette. Consequently it can be furnished if
desired. The wusual capillary error in an appa-
ratus of this type is avoided by using the end pipette
for the purposes already described and the drawing
of the sample into the burette through the 3-way
stopcock a. Duplicate determinations should agree
within 10 or 15 per cent.
APPARATUS FOR THE ANALYSES OF NATURAL GASES.
The apparatus shown in Fig. 3 is a modification
of the apparatus shown in Fig. 1, and is used at the
bureau laboratory in analyzing natural gases. Nat-
ural gases appear to consist of paraffin hydrocarbons
with carbon dioxide and nitrogen present as impurities.
Oxygen seems to be present in a sample only as a
result of faulty sampling. Carbon monoxide, hydrogen
and clefine hydrocarbons have not been found in mix-
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Fig. 1.—Laboratory form of apparatus for mixtures containing CO;, O, C,H,, CO, Hs, CH,, and Na.

Capacity of burette, 100 cc.;

burette graduated in 0.1 cc,

capillary error introduced when the gas sample is
drawn into the burette through the end of the capillary
train, as in the ordinary Orsat apparatus. For less
accurate work water can be used both in the burette
and slow-combustion pipette.

In Fig. 2 is shown a portable apparatus of the type
just described. The gas sample is taken into the
burette through the 3-way stopcock a. Water is used
both in the burette and slow-combustion pipette.
Some accuracy is of course sacrificed by the use of
water, but the apparatus was built for technical
purposes, with the idea of utilizing the slow-com-
bustion pipette for burning methane and hydrogen,
and the Babb pipettes for the carbon monoxide de-
termination. Some analysts, however, prefer the ex-

tures thus far examined at the Bureau laboratory.
The apparatus shown consists of the pipette a for
removing carbon dioxide, the pipette b for removing
oxygen, the slow-combustion pipette ¢ and the
nitrogen pipette d. Mercury is used in the burette
and the slow-combustion pipette; 30 to 50 cc. of the
residual gas left after the absorbable constituents have
been removed can be used for the combustion analysis.

MINE AIR APPARATUS.

The apparatus shown in Fig. 4 is a modification
of the apparatus designed by J. S. Haldane* for the
analysis of mine air. The burette has a capacity of

21 cc. and is divided into the ungraduated bulbs at

1 “The Investigation of Mine Air,” by Sir Clement Le Neve Foster and
J. S. Haldane, 1905, p. 101,
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the top having a capacity of 15 cc. and the stem I
graduated in o.or cc. and having a capacity of 6 cc. [
!
!

The pipette a contains caustic potash solution for
the removal of carbon dioxide, and the pipette ¢
alkaline pyrogallate solution for the removal of oxy-
gen; b is the slow-combustion pipette. Mercury
is used both in the burette and slow-combustion
pipette. Burette readings are made against the
pressure of air confined in the compensating tube by
bringing the caustic ‘potash solution to the marks
m and n. Carbon dioxide, methane, and oxygen
can be determined with an accuracy of o0.029%,. Du-
plicate determinations usually check within o.019%,.
Carbon monoxide and hydrogen can be just as ac-
curately calculated from the combustion data by
determining the oxygen consumed in the combustion.
The apparatus has also been used at the Bureau labora-
tories for an accurate analysis of the constituents
present in flue gases. It can also be used for analyti-
cal work connected with other ventilation studies
than those having to do with mines.

r
i
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APPARATUS FOR METHANE DETERMINATION.

(1 Hice
: A Ao b I
Fig. 5 shows an apparatus constructed for the exact - ; i
determination of methane in mine air.. At a few 'gozé::;:’r?glcn":” g;’;‘utzz df;fmmg;ﬁ;‘z;‘;?‘s:;zfe’c?;é
mines in this country and at many mines abroad, cc.; burette graduated in 0.2 cc.; water to be used in
mine air samples are daily collected from different the burette and combustion pipette.
parts of the mine and examined as to their methane
content. Winkler’s titration method is generally
adopted. In Winkler's method the carbon dioxide
formed by the combustion is absorbed in a standard
solution of baryta water. The excess of baryta water
is then determined by titration with a standard solu-
tion of oxalic acid. The scheme necessitates a pre-
liminary determination of the carbon dioxide origi-
nally present in the miné air. :
In the use of‘the apparatus shown in Fig. 5 the
gas sample is drawn into the burette, measured by
means of the manometer b and compensating tube ¢
and then passed into the slow-combustion pipette g.
The platinum spiral therein is electrically heated and
allowed to remain so for three and one-half minutes.
After burning, the pipette is allowed to cool and the
gas then transferred back to the burette and the
contraction in the volume due to the burning of the I
methane determined. This contraction in volume, !
when divided by 2 and calculated to a percentage
basis, gives the methane originally present in the
mine air. Mercury is used both in the burette and
combustion pipette. Water is used in the manometer
tube b. A determination can be made in less than
10 minutes with an accuracy of o.01%. Methane
is the combustible gas commonly found in coal mines,
hence complications of the combustion data because
of the presence of other combustible gases need not
be greatly feared. Paraffin hydrocarbons higher
than methane may be occasionally present, but if
so usually only in traces.

PORTABLE FORM OF APPARATUS FOR DETERMINATION o
OF METHANE. : o
In Fig. 6 is shown portable apparatus similar in S T e T R T

1 Hand book of Technical Gas Analyses” by Clemens Winkler, 2nd natural gas analysis. Capacity of burette, 100
English edition, translated by George Lunge, 1902, p. 156. cc.; burette graduated in 0.1 cc.
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Fig. 4.—Laboratory form of apparatus for the
exact analysis of mine air. Capacity of burette,
21 cc.; capacity of bulb of burette, 15 cc,; capac-
ity of stem of burette, 6 cc,; stem graduated
in 0.01 cc.
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‘Fig. S.—Laboratory form of apparatus for the exact deter-

mination of methane. Capacity of burette, 21 cc. ; capacity
of stem of burette, 6 cc.; capacity of bulb of burette, 15
cc,; stem of burette graduated in 0.01 cc.

construction to the one just described. A storage
battery can be used to heat the platinum coil. A
battery which will produce a current of 6 volts and 4
amperes is required.

In Fig. 7 is shown a portable apparatus which is
a very simple form of gas analysis apparatus for the
determination of methane. Water is used both in
the burette and slow-combustion pipette. b is the
slow-combustion pipette. It is accurate to o.10%.
This apparatus was devised for the purpose of making
a quick determination of methane, for use by mining

-men who are not chemists. The sample is measured

in the burette at atmospheric pressure and then passed
into the slow-combustion pipette where the platinum
coil is heated to a white heat for 37/, minutes. After
burning and cooling, the gas is transferred to the

-burette and the contraction in volume measured.

This contraction is divided by 2 to find the methane.

‘PORTABLE FORM OF APPARATUS FOR THE DETERMINA-

TION OF METHANE AND CARBON DIOXIDE.

In Fig. 8 is shown a portable form of apparatus
for the accurate determination of carbon dioxide and
methane in mine air. It is a modification of that
shown in Fig. 4: a contains caustic potash solution,
b is the slow-combustion pipette. Mercury is used
both in the burette and slow combustion pipette.

In Fig. ¢ is shown a portable form of apparatus
for the accurate determination of carbon dioxide and
oxygen in the air of public buildings, meeting-houses,
school-houses, etc. It is meant to be used in con-
nection with ventilation studies having to do with
those places. a contains caustic potash solution and
b alkaline pyrogallate solution. Mercury is used in
the burette. i

In Fig. 10 is shown a portable apparatus for the
exact determination of carbon dioxide only: a is
the caustic potash pipette. Mercury is used in the
burette. Water is used in the manometer tube.

In Fig. 11 is shown a modified Orsat apparatus
used by the author in the analyses of mine fire gases.
Considerable aid may be rendered in subduing mine
fires by analyzing samples of the atmosphere taken
from behind stoppings, in order to determine whether
the latter are sufficiently tight to exclude air, or
whether, by reason of air in leakage, the embers are
liable to fan into a blaze and make conditions worse.
Analyses of the atmosphere are valuable -to have
during the entire period that the fire area is sealed,
and before entrances are made to reopen the area.

The apparatus shown in Fig. 11 consists of the
burette and the following pipettes: The caustic
potash pipette a, the alkaline pyrogallate pipette b,
the cuprous chloride pipette ¢ and the slow-com-
bustion pipette d. Water is used both in the burette
and slow-combustion pipette. The pipettes a, b, and
¢ contain glass tubes (not shown) for the purpose of
increasing the absorption surface of the solutions.
The apparatus is accurate to about 0.20%."

DETERMINATION OF SMALL AMOUNTS OF CARBON MON-
OXIDE.

The iodic acid method is used for the determination
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Fig. 6.—Portable gas analysis apparatus for the exact deter-
mination of methane. Capacity of burette, 20 cc.; capacity of
bulb of burette, 17 ce.; capacity of stem of burette, 3 cc. ; stem
graduated in 0.01 cc.
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Fig. 8.—Portable gas analysis apparatus for the determination of carbon
dioxide and methane. Capacity of burette, 20 cc.; capacity of bulb of
burette, 17 cc.; capacity of stem of burette, 3 cc.;stem of burette gradu-
ated in 0.01 cc.
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Fig. 7.—Portable apparatus for
the determination of methane
in mine air. Capacity of burette,
100 cc.; capacity of bulb of
burette, 80 cc.; capacity of stem
of burette, 20 cc.; stem grad-
uated in 0.05 cc.’
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Fig. 9.—Portable apparatus for the determination of carbon dioxide and
oxygen. Capacity of burette,i15 cc.; capacity of stem of burette, 3.5 cc.;
capacity of bulb of burette, 11.5 cc.; stem graduated in 0.01 cc.
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of very small quantities of carbon monoxide. The
carbon dioxide formed by the reaction between the

Fig. 10,—Portable apparatus for the determination of carbon
dioxide in mine air. Capacity of burette, 20 cc.; capacity of stem
of burette, 3 cc.; capacity of bulb of burette, 17 cc.; stem of burette
graduated in 0.01 cc.

iodine pentoxide and the carbon monoxide is absorbed
by a standard solution of baryta water and the excess
of same titrated with standard oxalic acid solution.
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Fig. 11.—Portable apparatus used in fight-
ing mine fires and exploring mines after
explosions.  Capacity of burette, 100 cc.;
burette graduated in 0.1 cc.

The apparatus as used differs from other types in that
an electrically wound jacket is used to heat the tube
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containing the iodine pentoxide and a special burette
has been devised for holding the sample.

The burette consists of eight superimposed bulbs,
each having a capacity of 100 cc. The constriction
between each bulb is calibrated so that any number
of bulbs up to eight can be used for holding the
sample. The gas is measured in the burette by
means of a level bottle, in the ordinary manner: a
copper-constantine couple is used for registering the
temperature, about 150° C., within the iodine pentoxide
tube. These and other devices designed at the Bureau
of Mines for examining gases will be fully described
in a forthcoming bulletin prepared by the author and
his associate, F. M. Seibert.

AN IMPROVED EXTRACTION APPARATUS.
By W. C. BLASDALE.
Received December 18, 1911,

Many different forms of extraction apparatus,
which make it possible to extract a number of samples
with a low-boiling-point solvent simultaneously, have
been described. A feature of all the more satisfactory
forms of such apparatus is the use of electrical energy
in heating the flasks containing the solvent at the
desired rate. The apparatus here described utilizes
electrical energy obtained from a r11o-volt lighting
circuit; it provides for five units, that is, for five sepa-
rate heating plates and condensers. The general
form of the rack used to support the extraction tubes
and condensers is the same as that described by
Hopkins (/. Am. Chem. Soc., 21, 645). It differs
from the latter in that the energy of the current is
changed into heat by passing through resistance wire
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instead of through incandescent lamps, the heat thus
generated being imparted directly to the five iron
plates upon which the flasks rest. It differs further
from any of the forms with which the writer is familiar
in that a condenser is attached directly to the frame
of the apparatus, which condenser can be easily con-
nected with any or all of the flasks while still in posi-
tion on the heating plates, thus rendering it possible
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to distil off and collect the solvent after extraction
has been completed and obviating the need of a sepa-
rate apparatus for this purpose. The details of con-
struction are represented in the three accompanying
draw-figures, which represent transverse, longitudinal
and horizontal projections of the lower portion of
the apparatus.

The Bed of the Apparatus—The bed (a of Fig. 1)
which supports the five separate units consists of a
board 5x3/,x 24 inches resting on metal cleats,
fastened to the vertical supports as shown in Fig. 2.
Two strips of wood (b of Fig. 1) 13/,x */,x 24
inches are nailed to the extreme edges of this support,
and two wooden cleats (¢ of Fig. 1) 3/,x7*/,X 24
inches are fastened to the base as shown in Fig. 1.
The space between the wooden cleats is covered with
a strip of one-sixteenth inch asbestos board, and upon
this are placed the five heating plates, which are held
in position by screws passing into the base. The
wooden cleats support a copper plate (d of Fig. 1)
5 X %/, X 24 inches, which is provided with five

= fig3
circular openings of a diameter slightly greater than
that of the heating plates. This plate is not fastened
in place and can be readily removed for the purpose of
inspecting or repairing the heating device.

The Heating Device.—The heating plates were made
from the caps used to close the ends of inch and a
half water pipes by cutting with a hack-saw to a height
. of a half inch. These plates are heated by the current
carried by a nichrome wire o.or inch in diameter
which passes from a switch attached to one of the
vertical supports through a circuit which includes
three complete turns around each of the heating
plates. The wire is insulated from the plates by means
of strips of mica; it is held in its proper position by
means of brass clamps fastened to the bed of the
apparatus, each clamp holding two pieces broken
from the stem of a Rose crucible, through which *the
wires are strung. The details of the wiring are best
shown in Fig. 3. The total length of wire used was
150 inches and the total resistance offered was calcu-
lated to be 72 ohms. An actual measurement of the
current consumed gave one and one-half amperes.
All the plates were found to be uniformly heated
and the heat generated was sufficient to cause ether
to boil violently after the switch had been closed for
ten tinutes. A high boiling-point liquid in one of
the flasks attained a temperature of 125°, but no diffi-
culty was experienced in reducing this temperature
by interposing a thin piece of asbestos between the
heating plate and flask. ' [ S

The Condensing -~ Apparatus—A strip of wood
(e of Fig. 2) 3/,x*/;x 26 inches, nailed to the back
of the two vertical supports, sustains the condenser.
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The latter was made of block-tin tubing a half inch
in external diameter and provided with five lateral
upright branches, each soldered in place with pure
tin. It terminates in a worm condenser, which is
enclosed in a cylinder of sheet copper three inches
in diameter placed at the end of the vertical support.
Connection between the different flasks and the lateral
opposite them is easily made by means of a glass
tube fitted with cork stoppers as shown in Fig. 1.
The entire device takes up but little room and in no
way interferes with the use of the apparatus during
extraction. Distillation and extraction can be carried

‘on simultaneously on different heating plates pro-

vided the laterals of the condenser which are not in
use are closed with cork stoppers.

UNIVERSITY OF CALIFORNIA,
BERKELEY,

NOTES ON A NEW FORM OF EXTRACTION THIMBLE.!
By P. A. BOECK.
Received January 2, 1912,

The following notes have been collected from the
experiences of a number of different investigators,
using the new type of inorganic extraction thimbles
known as ‘“‘Alundum.”

A few words as to the nature of these thimbles may
be of interest: Alundum, the material from which
these articles are made, is the product of the fusion
of the mineral bauxite (a natural hydrate of aluminum
carrying small percentages of iron oxide, silica and
titanium oxide) in the electric furnace, in which pro-
cess partial purification takes place so that the resulting
product is essentially pure fused alumina. This
material has been used quite extensively for abrasive
purposes, replacing emery and corundum, over which
it has the advantage of being absolutely uniform and
of easily controlled composition. It can be made
to yield an abrasive higher in crystalline alumina
and consequently of higher abrasive efficiency than
any other form of commercial, natural aluminous
abrasive. .

In the manufacture of laboratory articles of this
material, the fused alumina is crushed, graded to
uniform mesh, mixed with a small amount of a suit-
able ceramic bonding material and burned at a high
temperature in an ordinary porcelain kiln, where the
bond is caused to vitrify or mature, giving it the
strength of an ordinary porcelain body, and at the
same time retaining its porous nature, which allows
the penetration and filtration of liquids and gases.

The porosity of the bodies can be controlled in
several ways, which depend, to a certain extent,
on the other physical properties, such as strength,
thermal conductivity, texture, melting point, expan-
sion due to temperature changes, shrinkage, etc.,
which are desired. The three methods most generally
used in obtaining bodies of different porosities are:
(1) by varying the size of the grain or particles of
the alundum, thereby changing the size of the voids;

1 Presented at forty-fifth meeting of the American Chemical Society,
at Washington, December, 1911.
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(2) by changing the kind; 'and (3) the amount of
bonding materials used. - By combining these factors,
suitable bodies may be obtained having any texture
or porosity for the penetration of liquids of any density.
The state of subdivision of the residue which is to be
separated from the liquid or gas is of course the final
criterion of the permissible size of the voids. In
organic extraction work it is particularly desirable
to have a porous medium, which gives the most
rapid filtration possible with the complete retention
of the residue.

Another feature of these thimbles is the fact that no
blank extractions have to be made to be sure that
the materials are fat-free, as in the case of paper or
other organic materials, as, being of a refractory nature,
they can be readily cleaned by being ignited at a
temperature high enough to dispel any organic material.
This also allows of their repeated and indefinite use,
so long as no easily fusible inorganic material is ignited
in them.

Messrs. Ross and Benner in their work at the Agri-
cultural Experiment Station at the University of
Arizona, on the filtration of soil solutions and the
separation of ‘‘black alkali” in certain characteristic
western soils, showed that filters of this material
not only filtered more rapidly without changing the
concentration of the solution and absorbed less than
any other type of filter on the market, but required
less washing, were very much more durable and could

be cleaned and sterilized by igniting at the proper

temperature. For further details, I would refer you
to the original paper which is being read in another
section of this meeting.

" For the extraction and filtration of tanning materials,
Mr. R. C. Oberfell describes in the Journal of the
American Leather Chemists’ Association for November,
1911. an ingenious device in which a porous Alundum
dish substitutes the asbestos mat, or the mixtures
of asbestos and kaolin, for removing the insoluble
material in tanning materials. Absolutely clear fil-
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trates were obtained in from */, to 2 minutes without
the use of any asbestos or kaolin mixtures in these
dishes as against from 82 to 130 minutes using the
official method of filtration with the mat, at a con-
sequent saving of about 98 per cent. of the time of
filtration, the results of the analyses in each case
checking within the allowable error. Where the dish
alone was used, no previous saturation or preparation
of the filtering medium was necessary, as is the case
in the official method.

For organic extraction work on rubber, vulcanized
products, fats, waxes, soaps, bitumens. cereals, etc.,
the proper filtering body for any solvent can be easily
made and is apparently limited only by the texture,
which must be fine enough to retain the residue and
prevent it from penetrating the pores of the thimble.
Rapidity of flow and extraction can in this way he
increased many times over that obtained with the
ordinary extraction thimble.

The chemist of a large rubber reclaiming plant in the
west has recently had made an ingenious type of
thimble consisting of two thimbles semi-circular
in cross-section so made that when fitted together
side by side, they occupy no more room than a single
thimble, allowing two samples to be extracted at
the same time in the same solvent. This method
would apply, of course, only in cases where the residues
only were desired, the filtrates from the two samples
being mixed. The scheme worked out very well
at a great saving of time and solvent, and there is
no reason why this idea could not be followed out
further, and any number of sectional extraction thim-
bles made to fit one extraction tube.

The application of this type of inorganic extraction
thimble has not been limited to liquids, as recent
tests indicate that it can be used successfully for the
filtration of gases and the separation of dust and fume
from air, smoke, producer gas, etc., quantitatively.

RESEARCH LABORATORIES,
NorTON COMPANY,
WORCESTER, MASS.

ADDRESSES

FERTILIZER CHEMISTRY—A REPORT OF PROGRESS.!
By PAUL RUDNICK.
Received January 12, 1912,

While it is too early to obtain figures on the con-
sumption of fertilizers in this country for the year
just passing, all indications justify the belief that
‘there has been the usual material increase over the
tonnage consumed in the previous year, which was
estimated, in round numbers, at about 35,750,000
tons, an increase of about 14 per .cent. over that of
1909. The average increase in the consumption of
commercial fertilizers in the past decade has been
something over 11 per cent. annually. :

This material increase in the consumption of com-
mercial fertilizers naturally brings up the question
of materials entering into this commodity. e

1 Chairman’s address delivered before the Division of Fertilizer Chemists,
. American Chemical Society, December 27, 1911.

The production of organic ammoniates, such as
blood, tankage, etc., cannot, under present condi-
tions, keep pace with the greatly increased demand
for them. The consumption of nitrate of soda is,
of course, keeping pace proportionately with the
increased consumption of commercial fertilizers in
general. The consumption of cyanamide in this
country shows a decided growth, and a plant for its
manufacture is now being operated in this country
at Niagara Falls, Other products of the utilization
of atmospheric nitrogen, such as basic calcium nitrate,
do not appear to have gained a foothold in this country
as yet. While the annual production of sulfate of
ammonia has been greatly increased with the increased
installation of retort coke ovens, a great deal more
of this valuable ammoniate could be assimilated easily.
From the standpoint of conservation of our resources
the time should be close at hand when the nitrogen
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in practically all the coal consumed will be saved
and converted into ammonium sulfate. It is exceed-
ingly interesting to realize that practically all coals
contain sufficient sulfur to combine with the nitrogen
for production’ of ammonium sulfate and two differ-
ent processes are now operated commercially on this
plan.

- It is a well recognized fact that organic ammoniates
must be used in commercial fertilizers in addition to
the inorganic ammoniates because of the demand
for good mechanical condition, that is, a commercial
fertilizer must work in the seed drill or other distrib-
uting apparatus without clogging. It is obvious,
therefore, that with the increased consumption of
commercial fertilizers, there must also be an increased
production of organic ammoniates to meet with this
requirement. Since the production of organic ammo-
niates has not been able to keep pace with the increased
consumption of commercial fertilizers, very careful
thought and study will be required to prevent ex-
clusion of suitable materials by arbitrary methods
of analytical control. Unless we can expand our
supply of organic ammoniates, the cost of this very
necessary class of fertilizer ingredients, which has
already increased by leaps and bounds owing to the
greatly increased demand, will soon become prohibi-
tive. From a conservation standpoint, it also becomes
imperative to utilize any organic nitrogenous material
which is now going to waste, if it can be so treated
or produced, that it can be shown to have a proper
fertilizer value.

. There is another point which may well be brought
out in this connection, namely that experience has
shown that varying availability in the ammoniates
of a complete commercial fertilizer is highly desirable,
so that there shall be more or less available nitrogen
for the plant during the greater period of its growth
and not only immediately after the application of
the fertilizer.

A great deal of work has been done on the question
of making the phosphoric acid in phosphate rock
available by cheaper and more efficient means than
by acidulation with sulfuric acid. None of the many
proposed processes for this purpose, however, has
as yet proved sufficiently satisfactory to be operated
commercially. Under existing conditions, basic slag
is practically confined to the Eastern States. It is
to be hoped that a suitable method for producing
available phosphoric acid from phosphate rock, other
than by acidulation with sulfuric acid, will soon be
discovered.

More experimental evidence that phosphate rock
itself cannot be used profitably as a fertilizer is accumu-
lating right along. The proposal to use a source of
phosphoric acid of little or no availability is in striking
contrast to the demand for high availability in the
sources of nitrogen, even if the great difference in
unit cost is considered.

In this connection the important role of sulfur
recently brought out by the Wisconsin Agricultural
Experiment Station is of the greatest interest. It
is stated that some crops require even more sulfur
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than phosphoric acid and that the supefior results
obtained with acid phosphates over other phosphates
may not be due entirely to a difference in availability
but to the additional sulfur supplied by acid phosphate
in the form of calcium sulfate.

Germany continues to be practically the only
valuable source of ‘supply of potash salts, and the
German potash controversy is so familiar to all that
it need only be mentioned in passing. One of the
results of this controversy has been to stimulate the
search for sources of soluble potash salts in this country
to the greatest activity. In spite of repeated denials
it appears certain that the source of potash recently
announced in Maryland deposits is feldspar and that
the proposed method of treatment consists in heating
with salt and niter cake. The consensus of opinion,
at the present time, is not favorable to the idea that
it is possible to utilize feldspar as a profitable source
of potash. Fusion or calcination with sodium or
calcium compounds causes a material reduction in
the percentage of potash, which is already low enough
at best in the feldspar itself. The cost of lixiviation
and concentration is admittedly prohibitive. The
question of ‘utilizing water-insoluble potash is being
agitated even in  Germany. One of the German
Agricultural Experiment Stations reports successful
results from the use of finely ground phonolith, ap-
parently a product of the weathering of feldspar,
somewhat similar to the zeolites in its nature. Other
investigators, however, were unable to obtain such
results and insist that this material is worthless as
a source of available potash.

The report that the Department of Agriculture
had located deposits of soluble potash salts seems
to have been premature; it is now understood that
sources, not deposits, were meant. Itisalsoannounced
in this connection that the U. S. Geological Survey
has begun actual field operations in the search for
deposits of soluble potash salts. A well is being sunk
at Fallon, Nevada, and it is to be hoped that the
search will prove successful. A cooperative laboratory
has been established at Reno, where prospector’s
samples will be examined. The possibility of finding
commercial potash deposits in the arid regions of the
west seems to be further indicated by the fact that
potassium nitrate is usually present in considerable
proportions in alkali soils and indeed the finding of
small deposits has been repeatedly reported. The
most recent report indicates that such deposits were
located in Idaho. So far such deposits have been
very small and of very low potash content.

The functions of manganese and boron in the soils
are of interest from a fertilizer standpoint. The
results so far reported seem to indicate that their
function is a catalytic one.

In this connection it is important to note that the
A. O. A. C. at its meeting this year adopted as a pro-
visional method a modification of the official method
for determining water-soluble potash, consisting in
leaching out the water-soluble potash from the sample
with hot water much in the same manner that water-

soluble phosphoric acid is removed in the determination
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of insoluble phosphoric acid. Considerable work
has been done on this subject by the Committee on
Potash of this Division and the results of the work
of this committee indicate that the modified method
will give much more nearly the actual proportion of
potash put into the fertilizer by the manufacturer.
In the official method an average of o.3 per cent.
of water-soluble potash becomes insoluble in the course
of extraction.

The theory of the action of fertilizers continues to
engage the efforts of many research workers both in
this country and abroad as a part of their work on the
biochemistry of soils and plants. It has become
very evident that the plant food theory is inadequate.
Applications of commercial fertilizers which produce
large and profitable increases in crops are not nearly
sufficient in all cases to replace the elements removed
by the plants from the soil. Much attention has been
attracted to the discoveries regarding the presence
in soils of protozoa which live on and destroy beneficial
soil bacteria, of fungi which are harmful either directly
to the plants or perhaps to the soil bacteria and of
the toxic action of certain constituents of the soil
which are either excreted by the plant roots them-
selves or may be produced by decomposition in the
soil. * It is easy to believe that fertilizers may exert
a beneficial action on the soils to which they are ap-
plied by suppressing the activity or harmfulness of
such organisms or substances, but it does not follow
that this constitutes the entire explanation of the
action of fertilizers. The idea that fertilizers may
act in part by rendering soluble or otherwise releasing
unavailable elements of plant food from the soil
is plausible, but lacks confirmation and cannot in
any event explain completely the mechanism of the
action of fertilizers.

It is more than likely that the theory advanced
by Dr. Cameron at our meeting a year ago, namely
that no simple explanation can be hoped for, but that
the entire matter is enextricably bound up with a
large number of other modifying factors such as cli-
matic and meteorological conditions, tilth, drainage,
seed selection, etc., is the best we have at present.

It may be well to point out in this connection another
possible partial factor in the action of fertilizers.

Loeb (Science, 34, 653 (1911)) recently announced .

that the presence of both potassium and calcium chlo-
rides in sea water is necessary because they exert
a protective action on the organisms with which he
experimented. These organisms die very quickly
in pure distilled water or in a pure sodium chloride
solution, as well as in a pure cane sugar solution,
and somewhat less quickly when potassium chloride
is present in addition to sodium chloride. When
both potassium and calcium chlorides are present,
however, in addition to sodium chloride, the animals
can live for several days. The best proportion of
these three salts is that existing in sea water and it
is of interest to note that the relative proportion
of these salts in human blood is the same as in sea
water, although the concentration in blood is much less.

Taking into consideration the fact that practical
experience has shown complete fertilizers to be almost
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uniformly of much more proportional value in pro-
ducing increased crop yields than incomplete fertilizers,
is it not possible that at least a part of the action of
complete fertilizers may consist in a similar protective
action of their soluble constituents on the cells of the
plant? That some action of this sort exists would
seem to be further indicated by the results of the
extensive researches published on the calcium-magne-
sium ratio in soils.

With the enormous amount of research work now
being carried on in this field, it seems quite likely
that we shall soon come to a fairly comprehensive
and clear understanding of the more important phases
of the mechanism of the action of fertilizers in pro-
ducing crop increases, so that the most efficient
manner of application may be determined with a
reasonable degree of accuracy by scientific methods.
This is a problem in which producer and consumer
alike are interested and its solution will constitute an
important chapter in the conservation of our:resources.

Efficiency has come to be an important watchword
in our every-day life, and much has been accomplished
in this direction in agriculture by the use of improved
farm machinery. President Taft, in his address on
““Conservation of the Soil,” before the National
Conservation Congress, at Kansas City, last September,
quoting from the Yearbook of the Department of
Agriculture for 1898, pointed out that between the
years 1855 and 1894, the time of human labor required
to produce 1 bushel of corn declined on an average
from 4 hours and 34 minutes to 41 minutes, and the
cost of the human labor required to produce this
bushel declined from 353/, cents to 10%/, cents.
Between 1830 and 1896 the time of human labor re-
quired for the production of a bushel of wheat was
reduced from 3 hours to 1o minutes, while the price
of the labor required for this purpose declined from
173/, cents to 3%/, cents. Between 1860 and 1894,
the time of human labor required for the production
of a ton of hay was reduced from 35%/, hours to
11 hours and 34 minutes, and the cost of labor per
ton was reduced from. $3.06 to $1.29. In 1899 the
calculation made with respect to the reduction in the
cost of labor for the production of seven crops of that
year over the old-time number of production in the
fifties and sixties shows it to have been $681,000,000
for one year. But while it is possible to say that in
the future there may be improvements in machinery
which will reduce the number of necessary hands
on the farm, it is quite certain that in this regard
the prospect of economy in labor for the future is
not to be compared with that which has been effected
in the last 30 years.

To these words of President Taft I wish to add that
much profitable progress has also been made in the
selection of seeds and in the material and profitable
increases of crop’yields from the use of commercial
fertilizers. While the use of commercial fertilizers
commonly shows a material profit, there is doubtless
much ﬁertilizer used wastefully because unscientifically.
Greater efficiency in this respect can be developed
only on the basis of a scientifically accurate theory
of the action of fertilizers.
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CURRENT INDUSTRIAL NEWS

By W. A.

PROGRESS OF THE CHEMISTRY OF PAPERMAKING.

_ Arthur D. Little presented a full report on this subject at
the Thirty-fifth Annual Meeting of the American Paper and
Pulp Association, February 15, 1912 (see Paper 6, No. 10,
p- 25), from which the following material is taken. ;

As in a number of other industries—e. g., in glass manufacture
—paper-making in the United States is still too frequently
regarded as a hereditary art, while in Germany it has become
a science. The extent to which the industry has established
itself upon a scientific basis is evidenced in the special number
of the Papierfabrikant, published in June, 1911, and ‘“‘the pub-
lication as a whole cannot fail to impress any thoughtful American
paper-maker with the seriousness of the competition which he
will ultimately be called upon to meet.” Further evidence of
the status of paper-making in Germany is had from the 1911
Proceedings “of the Verein der Zellstoff und Papier Chemiker,
wherein abstracts of 303 scientific studies covering almost the
whole field of pulp- and paper-making are given, and ‘“‘at least one
other volume will be required to complete the record for the year.”

The report of William Raitt, cellulose expert to the India
Provinces Exhibition of 1910, published in 1911, contains re-
sults of studies on about forty specimens of wood to determine
their suitability for pulp-making. These investigations included
trial cooks by the standard chemical processes, and Riatt found
the sulphate process most generally effective. Riatt concluded
that the following species offer the most promising fields for
further investigation: Picea morinda (spruce); Abies pindrow
(silver fir); Bombax malabaricum; Trewia nudiflora; Salix
tetrasperma (willow); and Butea frondosa. His study of the
Indian grasses shows that several of these are available in large
quantity and furnish excellent sources of paper stock; and he
also found that the sulphate process, at any rate with certain
species, is adapted for the reduction’ of bamboo, yielding pulp
of such good color that it is immediately available for half-
bleached papers. The subject of bamboo as a substitute for
wood is to be exhaustively studied at the Indian Forest Research
Institute, Dehra Doon. This is of especial interest to Americans
in that Richmond has called attention to Philippine bamboo
as one of the most promising substitutes for wood for paper-
making. * Richmond prefers the soda process for its treatment
and reports the yield to be 45 per cent.

The straw paper industry, which is highly developed in France,
has been described by Abadie. Many different kinds of paper
are produced from straw, and in the Limousin paper is made
from this material without cooking. Manufacturers in the
southwest of France cook the straw in rotary digesters for about:
four hours with milk of lime.

- American paper-makers have been urged to give a more gen-
eral consideration of esparto, which, according to the experience
of English paper-makers, stands in a class by itself as a raw mate-
rial for the manufacture of high-grade book papers. Great
quantities of esparto remain untouched in Algeria for lack of
a market. The fiber from the inner bark of the baobab or
monkeybread tree is also ‘“deserving of more general utiliza-
tion.” Among other materials, cottonwood is said to yield
about 43 per cent. of absolutely dry fiber by the sulphite process.
The most important development of 1911 in connection with
paper-making is considered to be the prospect opened out by
the new Simmons sugar process of obtaining bagasse or waste
sugar cane fiber in great quantities and in a form particularly
available as a raw material for paper-making. The large
supply of waste fiber obtained under the new process is substan-
tially free from pith, is reduced very easily by the soda process,
and yields a pulp suitable for the manufacture of book and printing
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papers. Cornstalk or maize fiber is said to still have its advocates.

The year marks no notable technical advance in thclmanu-
facture of sulphite fiber, but nevertheless considerable attention
has been given to the problem of the utilization of waste sulphite
liquors. The most important development in this direction
is a process introduced in Sweden wherein an impure grade of
ethyl alcohol is produced by fermentation of the waste liquor
after neutralization with lime. However, this process holds
out no hope of avoiding the nuisance created by the waste liquors,
since distillery-slop is far more objectionable than the original
waste liquor, owing to the presence in it of large quantities of
dead yeast. In Germany, attempts are being made to utilize
concentrated lyes, after eliminating the sulphurous acid, for
cattle feed, but such utilization has not so far been found profit-
able. The employment of a concentrated liquor for tanning
in connection with tannin extracts continues to a certain ex-
tent. A method of utilization entitled to careful study is that
of Vogel, who recommended that the waste liquor be evaporated,
mixed with coal, and then burned. ‘‘Saduyn,” prepared from the
waste lyes of sulphite mills, treated at about 100° C. with sodium
chloride, is said to be used in the form of a solution for saturating
porous material for the absorption of the vapors of acrolein and
other gases in the exhaustof motor cars. Two kg. of the powder
is stated to be sufficient for a motor vehicle run of 6oo km.

The chemistry of the sulphate process was discussed by Klason
and Segerfelt (Papierfabrikant, September, 1911). These authors
point out that the yields of fiber by the sulphate method are about
50 per cent., while those by the soda process are 37 per cent. With
regard to the formation of mercaptan in the sulphate process, it has.
been proposed that this compound be destroyed by nitrous gases.

At Skutskar, Sweden, the Rinman soda process is in use;
soda is recovered by precipitating the organic matter from the
waste liquor by means of carbon dioxide in the presence of so-
dium chloride, and the precipitated material is distilled for the
production of acetone and wood alcohol.

It has been proposed that Epsom salt be substituted for alum
in rosin sizing. Pauli and also Klemm conclude that, although
magnesium sulphate is not to be regarded as a complete sub-
stitute for alum, it may replace a considerable proportion of
the alum used when used concurrently therewith. Little
points out in this connection that in most mills much more alum
than is necessary is commonly used.

In coloring, indanthrene blue has been introduced as a
substitute for ultramarine. When this dye is employed, it is
said to be possible to obtain a back water frec from color.

It has been pointed out by Lechman that the waste water
loss from paper mills frequently amounts to 10 per cent. of the
materials used, and that of this loss fully go per cent. is re-
coverable, even by simple sedimentation methods.

Little urges the establishment of a school of paper-making
in this country. It is stated that the matter has been taken
up by the Boston Paper Trade Association.

RECENT INVESTIGATIONS ON ALLOYS.

Advance proofs of papers to be presented before the Institute
of Metals, issued January, 1912, contain much of interest to
the industrial chemist. Abstracts of several of these follow.

Rosenhain, in a discussion on the ‘“Nomenclature of Alloys,”
directs attention to the confusion which exists at present in
the naming of alloys, especially in the use of the terms ‘‘brass”
and “bronze,”” which are sometimes employed in contradiction.
A system is suggested in which the class name “brass” includes
all alloys whose principal constituents are copper and zinc,
and “‘bronze’” those containing copper and tin; and when other
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metals are present, each particular alloy is distinguished by a
prefixed addition to the class name, for example, the so-called
“Aich metal” would be termed “iron brass” and ‘‘manganese
bronze”’ would be known as “manganese brass.”

Bengough, in a paper on the “Properties of Alloys at High
Temperatures,”’ gives determinations, through ranges of tempera-
ture up to their melting-points, of the influence of temperature
on the breaking tensile stress and elongation of copper and alumi-
num, alloys consisting of 'a single, simple, solid solution (copper-
nickel, 70 : 30 brass), and alloys consisting of two solid solu-
tions or other phases (Muntz metal; low-copper brass). In
every instance the author finds that the tensile strength dimin-
ishes as the temperature rises, although there is generally a
change of direction in the curve representing this, most marked
in the pure metals (copper, 650° C.; aluminum, 395° C.). Above
these temperatures the metals resemble very' viscous fluids,
possessing little strength, being very ductile, and greatly in-
fluenced in their tensile strength by the duration of the applica-
tion of stress. Stress also causes them to emit a cry like “tin-
cry.” 'There are no thermal critical points at these tempera-
tures, and Bengough suggests that in a pure metal the crystals
are normally held together by Beilby’s “amorphous material,”
stronger than themselves, in a more or less continuous sheet
or cellwork, and that above the “temperature of recuperation”
this is no longer capable of existing, and the crystals accord-
ingly come in contact with one another. Fracture now occurs,
no longer through the crystals, but along the crystal faces.
When a metal is worked at a temperature above the point of
recuperation, ‘‘amorphous material,” if formed, cannot exist
permanently, and no effect is produced on the mechanical
properties of the metal: this is “hot work.” “Cold work,”
conducted wholly or partially below this temperature, produces
“amorphous material’’ and strengthens the metal. Bengough
shows the difference between rolled and cast material in strength
by diagrams, and it is seen to vanish at the temperature of re-
cuperation. In the case of pure metals, the elongation may
increase, diminish, or remain almost constant, up to the point
of recuperation, but there it greatly increases, and remains
high until near the melting point.

Turner prescnts'a study of the “Behavior of Certain Alloys
when Heated #n vacuo.” He has found that zinc and other
metals are entirely removed from brass and other copper-zinc
alloys when' the latter are heated in a vacuum. With brass,
the separation of the zinc is quantitative provided the tempera-
ture does not exceed 1200° C. and the heating is not too pro-
longed. A sample of “poisoned” brass was subjected to this
treatment, and it was found that all the zinc, lead and arsenic,
and a little of the tin, were removed at 1200° C. Zinc was
readily volatilized from 60/40 and 70/30 brass at temperatures
of 520° and 550° C., respectively; and when “hard zinc,” the
residue from galvanizing baths, containing about 5 per cent.
of iron, was heated to 500° C., in a vacuum, the zinc was com-
pletely volatilized, the iron remaining entirely in the residue.
This paper is of great importance on account of the suggested
application of the principle to the refining of crude copper,
brass scrap, hard zinc, etc.

SILOXIDE

“Siloxide” is a name which has been given to products pre-
pared by fusing pure anhydrous silica with oxides of elements
of the silicon-carbon group, as titanium dioxide or zirconium
oxide. The new glass is said to be formed by the solution of
these refractory oxides of an acid character in silicic acid, and
it is stated to be more easily worked than pure quartz glass—
in fact, it can be worked by the ordinary methods employed
in glass manufacture (see French Patent 432,786, July 31,
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1911, of Wolf-Burckhardt and Borchers). Z-siloxide, or zir-
conium glass, and T-siloxide, or titanium glass, are now being
manufactured at Frankfurt a/M, Germany.

While Z-siloxide and T-siloxide are said to lack the silky
luster of quartz glass (‘“‘vitreosil”), yet it is stated [Thomas,
Chem.-Zig., 36, 25 (1912)] that they possess distinct advantages
over the latter with respect to strength, resistance to devitrifi-
cation, and resistance to the action of alkalies.

The best Z-siloxide with respect to strength is said to contain
1 per cent. of zirconia, while that containing o.5 per cent. has
the most satisfactory thermal properties. It is said that zircon-
ium glass has a softening point not much different from that of
quartz glass, but that it resists deformation better at high
temperatures because of its greater viscosity. The manufac-
turers state that zirconium glass crucibles are far superior to
those made of quartz material in their ability to resist the action
of “oxide-bearing metals” during smelting operations; that
zirconium glass can be used five or six times; and that it displays
only in a very small degree the disagreeable property, insepa-
rable from quartz material, of devitrifying at temperatures
exceeding 1300° C. It is supplied in the form of tubes, slabs,
concentrating vessels, crucibles, flasks, boxes, muffles, arched-
tubes, balls, calottes, etc.

The titanium glasses (0.1 to 2 per cent. of titanium) are said
to have a somewhat lower resistance to compression than
quartz glass, but to resist transverse fracture better than the
latter. The T-siloxide now being marketed is said to be superior
to even Z-siloxide with respect to thermal properties—to be
more satisfactory when temperatures up to 1500° C. are to be
used. Its properties are said to be otherwise the same as
those of Z-siloxide. While it is stated by the manufacturers
that zirconium glass may be had either transparent or opaque,
no information on this point as to titanium glass was secured.

EXTRACTION WITH NAPHTHALENE.

Naphthalene has been known for some time as a solvent for
gums and resins (see, for example, English Patent, 14,554,
June 30, 1903, to Terrisse), and as a substitute for benzine and
benzene, and similar solvents, for spreading purposes in the
manufacture of rubber goods (see French Patent, 393,186,
August 10, 1908, of the Riitgerswerke-Akt.). Quite recently,
a Magdeburg-Sudenburg, Germany, firm has placed on the market
a plant for the extraction of bones, plants, fish residues, asphalt,
etc., with naphthalene.

As is well-known, naphthalene is volatilized by means of
steam; it is this property, in fact, which makes it advantageous
as an extractive medium. Temperatures from the melting
point, 80° C., to almost the beiling point, nearly 218°C,,
are said to be applicable; and if this is correct, it is possible
to work within wide limits. Further advantages are said to
be that the solvent can be recovered from the solutions at
relatively low temperatures in comparison with other solvents
with similar boiling points; that it is not necessary to employ
closed vessels with reflux condensers; and that the use of pressure,
generally necessary for dissolving copals, may be dispensed with
in the apparatus.

The naphthalene extraction process is said to be particularly
applicable for the extraction of bitumen, as “larger quantities
of a product of higher melting point are extracted by naphthalene
from asphalt-sand or Montan-wax than if one of the ordinarily
known extraetion substances is used.”” In one test, 9o per cent.
benzene was used, and 19 per cent. of bitumen with a softening
point of 70° was obtained; while with the naphthalene process,
23 per cent. of bitumen with a softening point of 81° was obtained
from the same material in a shorter period. It is said that for
the extraction of asphalt, the low price of the raw material is
a consideration. In addition, it is stated that no losses are



April, 1912

incurred and that it is not necessary to resort to such high
temperatures that a partial decomposition of the product occurs,
in order to effect the separation of the solvent from the asphalt.

The naphthalene process is reported to be of particular value
if the bituminous rock, bones, plants, etc., are mixed with about
one-half their weight of naphthalene and then extracted by
heating. For this purpose, impure naphthalene may be used;
it is afterwards recovered as pure naphthalene by treatment
with steam. :

FIRE EXTINCTION.

The use of frothy mixtures for fire extinction has recently
been investigated at Wilhelmsburg, near Hamburg, Germany,
in the presence of officials representing the Prussian Fire Brigade
(see Preuss. Feuerwehr-Beirat, Drucksache, No. 4, 1911; Engi-
neering, January 12, 1912, 52. A solution of sodium hydroxide,
containing froth-forming ingredients, and a solution containing
alum and other chemicals, are mixed together by means of
carbon dioxide, which results in the production of a foam con-
sisting of bubbles filled with carbon dioxide; the foam is then
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directed on to the surface of burning petroleum, tar, ete. It
is reported that 2 1. of the mixed liquids, when directed on to
light petroleum spirit, gave 13 1. of foam, the volume of which
diminished by 5 per cent. in 5 minutes, 14 per cent. in 10 minutes,
47 per cent. in 30 minutes, and 76 per cent. in 1 hour. In one
series of tests, the plant employed comprised two reservoirs
cach of 5 cm. capacity, from which the solutions were delivered
to the mixer by two duplex feed pumps at the rate of about
160 1. per minute. The foam was discharged from the mixer
through a pipe of 8o mm. diameter, which branched into two
pipes of 52 mm. diameter. Fifteen tons of crude petroleum
benzine were ignited in a brickwork tank of 10 m. diameter,
and after the fire had burned for 5 minutes in a strong wind,
the foam was applied under a pressure of 2 atmospheres. The
fire was soon stifled except for isolated jets of flame near the
edge of the tank, and completely extinguished in 6 minutes;
after 10 minutes, on removing the layer of foam, the benzine
could be immediately relighted. About 1800 I. of the mixed
liquids were consumed. The results seemed to demonstrate
that it was advantageous to apply the foam under a low pressure
in order that it might spread quietly over the burning surface.
Another test was made on burning tar withfsatisfactory results.

NOTES AND CORRESPONDENCE

THE CENTENARY OF THE INTRODUCTION OF GAS.

The 1ooth anniversary of the introduction of the use of gas
as an illuminant will be celebrated in Philadelphia on Thurs-
day and Friday, April 18th and 19th, 1912. The exercises will
be held in the Hall of the Franklin Institute, 15 South 7th
Street, and will take the form of a symposium under the auspices
of The American Philosophical Society, The Franklin Institute,
The American Chemical Society and The American Gas Institute.

PROGRAM. :

Thursday: “By-products in Gas Manufacture,” by CHas.
E. MUNROE, at 8 P.M.

Friday: “The Commercial and Financial Aspects of the
Gas Industry,” by GEORGE B. CORTELYOU, at 10 A.M.

“The Technic of Gas Manufacture,” by ALFRED E. FORSTALL,
at 11 A.M.

“Gas as an Illuminant,” by VAN RENSSELAER LANSINGH, at
2 P.M.

“The Use of Gas for Heat and Power; the Testing of Gas,”
by EDWARD B. Rosa, at 3 P.M.

These lectures will constitute an interesting and valuable
review of the development of the use of gas as an illuminant,
and as a source of heat and power. Persons interested in the
manufacture and use of gas from all parts of the country, mem-
bers of the societies named, and the general public, including
ladies, are cordially invited to attend the sessions.

An effort will be made to bring together as many as possible
of the pioneers in the gas industry, those who have been engaged
in the industry thirty years or more. All such are requested
to send their names to the acting secretary. 1

A temporary Loan Exhibition will be held in the Hall of the
Franklin Institute, of articles, models, appliances, books or
pictures, that have an historical interest. Any one who knows
of such articles should communicate at once with the Acting
Secretary, William J. Serrill, 1401 Arch Street, Philadelphia.

AMERICAN ELECTROCHEMICAL SOCIETY, TWENTY-FIRST
GENERAL MEETING, BOSTON, APRIL 18th to 20th.
: PROGRAM.
The Effect of Addition Substances in Lead Plating Baths. By
F. C. MATHERS AND O. R. OVERMAN.

Uniformity and Simplicity
By CArRL HERING.

Effects of the Variations of Thermal Resistivities with the Temper-
ature. By CARL HERING. -

Experiments on Heat Insulation. By F. A. J. Fr1zGERALD.

An Electrolytic Method for the Reduction of Blue Powder. By
WARREN F. BLEECKER.

Tensile Strength of Electrolytic Copper on a Rotating Cathode.
By C. W. BENNETT.

The Regeneration of Sulphated Storage Cells.
AND D. S. CoLE.

A Rotating Cathode. By C. W. BENNETT.

Electrical Endosmose. By W. D. BANCROFT.

On the Nature of Zinc Cementizing (Sherardizing).
R. JounsoN aND WiLLiS R. WOOLRICH.

Smee’s Theory of Electrolytic Deposits. By W. D. BANCROFT.

Power Supply to Electric Furnaces for Refining Iron and Steel.
By W. SykEs.

Furnace Electrodes Practically Considered. By R. TURNBULL.

On the Volatility of Zinc Oxide. By O. L. KOWALKE.

High Tension Equipment for Electrometallurgical Plants. By
J. R. WILSON.

The Influence of Diffusion on the Electromotive Force Produced
in Solutions by Centrifugal Action. By W. Lasa MILLER.

Vacuum Furnace Metallurgy. By C. G. FINK.

Temperatures of the Carborundum Furnace. By L. E. SAUNDERS.

Gas Circulation in Electrical Reduction Furnaces. By J. W.
RICHARDS.

Potential Differences at the Junction of Unmiscible Phases.
By R. BEUTNER.

Performance of Dry Cells. By C. HAMBUECHEN.

Report of the Committee on Dry Cell Tests.

in Electrochemical Calculations.

By C. W. BENNETT

By ARDEN

AMERICAN COMMISSION ON ORGANIC NOMENCLATURE.

An American Commission on Organic Nomenclature has been
appointed, consisting of the following:

M. T. Bogert, Columbia University, Chairman; Ira Remsen,
Johns Hopkins University; W. A. Noyes, Univeristy of Illinois;
T. B. Johnson, Yale University; M. Gomberg, University of
Michigan; J. F. Norris, Simmons College; J. B. Tingle, McMaster
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University; C. H. Hudson, Bureau of Chemistry, Washington,
DCs

" This commission will codperate with similar National bodies
in other countries in the revision of the Nomenclature of Organic
Compounds.

Suggestions as to the general plan to be pursued in under-
taking this work, or concerning special groups of compounds,
will be welcomed, and should be sent to the Chairman at Columbia
University.

EIGHTH INTERNATIONAL CONGRESS OF APPLIED
CHEMISTRY.

ABSTRACT OF ANNOUNCEMENT NoO. 3.

This announcement includes the following of special interest
and importance:

Ladies’ Committee, Committees on Internal Transportation,
Entertatnment, Finance, Papers and Publications, Trans-Atlantic
Transportation, Factory Inspection.

Rules on Papers, their Presentation, Discussion and Publi-
cation.—Papers and their abstracts, both in duplicate, must
be in the hands of the American Committee not later than
June 30, 1912, in order to assure their inclusion, if accepted,
in their respective Sectional Volumes for distribution at or
before the opening of the Congress.

The Congress obligates itself to have its final Reports and
Proceedings, including subject and author index, completed
and ready for distribution on or before December 31, 1912.

Rejected manuscripts are to be returned to their authors
and all correspondence concerning them is to be regarded as
strictly secret and confidential. g

How to Obtain Membership in this Congress—Membership
in this Congress is open to individuals, corporations, societies,
associations, institutions and the like.

Persons contemplating membership in the Congress can ob-
tain membership tickets from the Treasurer of the Congress,
Wm. J. Matheson, 182 Front Street, New York City, by for-
warding to him an application for membership and the member-
ship fee, which is $5.00. Membership tickets can also be ob-
tained from Prof. M. O. Forster, 84 Cornwall Gardens, London,
S. W., England; M. EF. Dupont, 6 Place Malesherbes, Paris,
France; Dr. B. Rassow, Stephanstrasse 8, Leipzig, Germany;
Prof. Rosario Spalling, Via Panisperna, 89 bis, Rome, Italy.

Membership of Congress Committees does not constitute
membership in the Congress.

All memberships received after July 15, 1912, by the American
Committee, are accepted on the condition that delivery of
printed reports cannot be guaranteed to such members.

Entertatnment of Ladies.—The arrangements herefor are in
the hands of the Ladies’ Committee, and everything will be
provided by them to insure the comfort, convenience and
‘entertainment of all ladies attending the Congress. Appli-
cations for Ladies’ Tickets, together with the fee therefor, $3.00,
should be sent to William J. Matheson, 182 Front Street, New
York City. g

Program of Meetings.—The general lectures are to be given
by (1) George M. Beiley, of Glasgow, Scotland, ‘“‘Some Physical
Aspects of Molecular Aggregation in Solids;” (2) Gabriel Ber-
trand, of Paris, France, “The Role of Very Small Amounts of
Chemical Substances in Biochemistry;” (3) Carl Duisberg, of
“Elberfeld, Germany, “The Latest Achievements and Problems
of the Chemical Industry;” (4) Giacomo Ciamician, of Bologna,
Italy, “Photochemistry of the Future;” (5) Ira Remsen, of Balti-
-more, Md., U. S. A. (subject to be announced later).

General lectures and general meetings will be held in the
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Great Hall of the College of the City of New York; Sectional
meetings at Columbia University. The Columbia University
Gymnasium will be headquarters for Registration, Distribution
of Papers, Distribution and Sale of Tickets, Information Bureau,
Telephone, Messenger, Telegraph and Cable Services, and Post
Office Express and Baggage Facilities. °

Columbia University furnishes not only places of meeting
and other conveniences as noted above, but also has placed at
the disposal of attending members living outside of New York
the use of certain of its Residence Halls from August 31, 1912
to 10 A.M., Friday, September 13, 1912. Applications for
quarters in these Halls should be addressed to the Eighth
International Congress of Applied Chemistry, Residence Hall
Committee, 25 Broad Street, New York City.

A list of selected holels and suggestions for accommodation of
parties.

Informaltion concerning excursions and visits to works.

Excursions.—Arrangements in this direction are tentative
and very incomplete and the excursions finally selected will
depend upon the number of members indicating their desire
to join the respective excursions. The itineraries of eight
different routes ranging in cost from $11.70 to $435.00 and in
duration from 7 days to 44 days are submitted. All of these
prices are based upon parties of not less than 100 and do not
include hotel charges nor transportation to and from hotels.
A map inserted at the end of the pamphlet shows the routes
contemplated.

Special Notice.—For the accommodation of those who wish
to visit Yellowstone Park, a special tour has been provided for,
leaving New York not earlier than August 1oth, and not later
than August 15th, and requiring about thirteen days with no
factory inspection. Members intending to take this tour must
notify the Transportation Committee not later than May 15,
1912. Members intending to take part in any of the other
trips, must notifly the Transportation Committee not later
than June 15, 1912. All communications in relation to tours
should be directed to “Transportation Commaltce, FEighth
International Congress of Applied Chemistry, P. O. Box 1625,
Philadelphia, Pa.” "

Visits to Works.—The list comprises 321 different establish-
ments, located in 144 different cities, and representing 139
different industries or branches thereof. It will, of course,
be impossible for the Congress to visit all of these on excursions
or set trips. Individual members or small parties of members
will be granted permission to visit, by any of the works on the
list and not visited by the Congress on excursions or set trips,
on presentation of the Treasurer’s receipt for membership dues.

Rules governing admission to factories are very strict es-
pecially as to visits by competitors. Some works will admit
competitors, but negotiations for such inspection must be made
by and through Prof. M. C. Whitaker, Chairman, Factory Visits
Committee, Columbia Univeristy, New York City.

Special Steamship Accommodations and Rates—The European
participants in the Congress are urged to reserve their accommo-
dations for the westward trip at the earliest possible moment,
since the steamships are apt to be very crowded at that season
of the year. s

CORRECTION.
A CONVENIENT FILTERING APPARATUS.

In the issue of THiS JoUrNAL for March, 1912, page 222,
under the article whose title is given above, the name of the
author was given as C. S. Williams, Jr., instead of C. S. William-
son, Jr.
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THE BUSINESS ASPECT OF THE KELP PROPOSITION
By FrREDERIC P. DEWEY.
Received February 17, 1912,

It is thoroughly well established that the giant kelps of the
Pacific provide an enormous store of KCl. Various papers
have appeared upon the broad, general aspect of the question,
but for the most part they have dealt in glittering generalities
and many of them have started in the middle of the proposition.
Many writers neglect or slur over the gathering and preliminary
drying of the kelp, and base their real consideration of the sub-
ject upon the air-dried material. This is very attractive and
easy to do, but the cost of the air-dried kelp is a most serious
business consideration.

There are various technical and business problems connected
with the matter. Without in the least doubting the eventual
solution of these problems, it may be said with entire safety
that their solution with financial profit will require the expendi-
ture of much time and money, under the best technical and
business direction, and that it must be several years before
KCI from kelp can become a commercial commodity, if it ever
does.

The consideration of the subject divides 1tself ‘naturally under
the following heads:

Harvesting the kelp.

Air-drying.

Oven-drying.

Distillation.

Crystallizing KCI.

Marketing. :

To start with the growing kelp. How can it be harvested?

It will be an entirely new industry and manifestly various
machines of different types will have to be constructed and
subjected to actual practical tests before an efficient and econom-
ical machine is secured. Dr. Cameron' has suggested 1,000,000
tons of KClas a conservative annual yield. This would mean the
harvesting of approximately 30,000,000 tons of kelp. This
harvesting cannot extend over the whole year. Just how long
it may last cannot yet be definitely known, but in any event
the vast machinery required to harvest 30,000,000 tons in a
short season must stand idle a good part of the year at a heavy
interest charge against the product.

Having brought the kelp to shore it must be dried. To pro-
duce a ton of KCl, approximately 27 tons of water must be
evaporated. Clearly the most inexpensive natural means for
drying must be adopted, but even this would require the con-
struction of drying sheds covering an emormous area and the
building of especially designed machinery to distribute the wet
kelp onthe drying shelves and to gather up the dried stuff.
As with the harvesting machinery, these sheds and machinery
must remain unemployed a good part of the year.

There is, however, a limit to the extent that natural drying
in open sheds can be carried. When about 25 tons of our 27
tons of water have been evaporated, provision must be made
to protect the efflorescing KCl which will soon be produced
on further drying. This will require the application of artificial
heat. It may possibly be assumed that this can be obtained
from the kelp itself in a subsequent operation. By proper
oven-drying it is possible to recover 40-50 per cent. of the KCl
‘as effloresced salt by simply shaking it off from the dried kelp.

The recovery of the balance of the KCI from the dried and
shaken kelp requires the breaking up of the organic matter of
the kelp body and this must be done with as full as possible
utilization of its value. Simple burning with the utilization
of its heat value only will not be sufficient, even if we now had
a furnace adapted to avoid enclosing unburned material in the
inorganic salts by sintering and to avoid undue loss of KCl
by volatilization.

1 Tris JOURNAL, 4, 77.
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At present, there does not scem to be any method available
for this pait of the work except destructive distillation with
the recovery of the condensable by-products and the utilization
of the gas, first to heat the retorts, and secondly, for the oven-
drying of the kelp as far as may be. Probably there are no
technical difficulties in this operation, but it must be remembered
that only about balf of the weight, including the effloresced
KCl, of the oven-dried kelp is organic matter. In other words,
broadly speaking, in the production of one ton of XCl only one
ton of organic matter is available for the production of by-
products of distillation. On the other hand, the total produc-
tion of such by-products in the recovery of 1,000,000 tons of
KCl would be so large that much of them would have to be
transported long distances to find a market and therefore the
profit of the operation would largely depend upon freight con-
ditions.

Undoubtedly a limited amount of the residue from the re-
torts could find direct application as a fertilizer within a certain
radius, but the real market for KCI is on the Atlantic coast,
and under the present freight conditions of 8o cents per 100
Ibs. the KCI must be dissolved and recrystallized. Upon the
opening of the Panama Canal and the expected balving of the
freight rates, the distillation residue mxght possibly better be
shipped direct.

The mother Ilquors from the recrystallizing of the KCI will
contain iodine and when sufficiently enriched they may be
treated for the recovery of this element.

It would be a liberal estimate to assume that the by-products
recovered including the iodine, would have a value sufficient
to pay for all of the operations upon the air-dried kelp. If
we do this and also assume that after sufficient trial and de-
velopment of the necessary machinery the kelp can be harvested
for 25 cents per ton and air-dried for 15 cents per ton more,
a ton of KCl laid down on the Atlantic coast would cost $28 as
follows:

Harvesting 30 tons at 25 Cents. ... vesnss. . $7.50
Air-drying 30 tonsat 15 cents.............00 4.50
Freight 1 ton at 80 cents per 100 1bs.......uns 16.00

$28.00

On the completion of the Panama Canal it is expected that
the freight will come down to $8 per ton, but the present prices
of KCl must be very profitable to the German Potash Syndicate
and if actually faced with the possible loss of its American
trade the prices would undoubtedly be reduced. This reduc-
tion might even wipe out the advantage of the low water-freight.

In conclusion it would appear that the feldspars have not
yet been displaced by the kelps as a possible source of potash.

‘WasHINGTON, D. C.,
February 16, 1912,

IMPORTATIONS OF ACETIC ANHYDRIDE.

The importation of acetic anhydride, which for some years
has been steadily on the increase, is showing since last March
a very rapid decline, according to the figures published by the
quarterly report of the Department of Commerce and Labor
on Imported Merchandise Entered for Consumption in the
United States. The amounts in pounds imported during the
quarters ending at dates given and their valuations are as
follows: -

Sept. 30, 1910, 202,227 lbs., $38,531; Dec. 31, 1910, 266,204
1bs., $50,838; March 31, 1911, 504,536 lbs., $93,501; June 30,

1911, 197,518 lbs., $35,806; Sept. 30, 1911, 117,093 1bs., $20,842.

This sharp decline in the consumption of acetic anhydride
is probably due to the abandonment of the manufacture of
cellulose acetate films for photographic purposes.
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CONSULAR AND TRADE NOTES

ENGLISH MUNICIPAL GAS WORKS.

Consul Edward B, Walker, Burslem, advises that the report
. for the year ended March 31, 1911, of the gas department of
Stafford, population 25,000, contains some interesting informa-
tion and figures. The gas works have been in the possession
of the municipal corporation for 33 years, during which time the
bonded indebtedness has been reduced from $550,673 to $182,189,
a reserve fund has been provided, and municipal taxes have
been reduced $286,019. The price of lighting gas is $0.65 per
1,000 feet, with discounts up to 10 per cent. according to con-
sumption, and $0.48 per 1,000 feet for power, with discounts
up to 25 per cent., reducing the price all around to about $0.37.

The gross receipts during the year in question were $162,899
and the expenditures $93,030, leaving a gross profit of $68,969.
Loans repaid, interest, ete., amounted to $31,447, and the net
balance was distributed as follows: District fund in reduction
of taxes, $17,033; free library, $243; suspense account, $6,083;
reserve fund, $9,755; carried forward, $4,408. The town had
a profit-sharing scheme under which the workmen received a
bonus of over 10 per cent. of their wages. The amount of gas
sent out was 211,852,000 feet, of which 4,358,630 feet was
unaccounted for, or leakage. The coal used was Staffordshire
‘washed beans,” costing about $2.68 per ton.

The gas business is managed and treated as a separate under-
taking. All salaries of officials and expenses of management
and operation are included in the balance sheet, and the corpora-
tion pays taxes as would an ordinary company.

UTILIZATION OF NATURAL GAS IN HUNGARY.

Consul-General Paul Nash, Budapest, advises that it is not
known exactly what are the intentions of the Hungarian Minister
of Finance as to the utilization of the natural gas in Transyl-
vania, several million cubic yards of which have already escaped,
but it is likely that before the end of the year the gas will be
in use in one or more of the towns and industrial plants in the
immediate vicinity of the wells. The gas-producing region
comprises some 5,800 square miles, and the Government has
so far put in over 20 wells, varying in depth from 1,000 to 3,300
feet. It is thought that the supply of gas will last for at least
50 years.

Eventually the gas will be brought to Budapest, although
probably not for a few years. In any case, as soon as it appears
that the public is to have natural gas placed at its disposal,
there will be an immediate demand for meters, purifiers, pipes,
valves, stoves, burners—in short, everything used in the exploita-
tion of natural gas. There is no reason why American manu-
facturers, if they employ the proper methods, should not have
the bulk off thisTbusiness, as the American preéminence in this
line of manufacture is generally recognized in this country.
Everything points to the development of a large business.
Manufacturers should send representatives to study the field
and personally choose agents.

SWEDISH COAL SITUATION,

Consul Stuart J. Fuller, Gothenburg, reports that the
threatened scarcity of imported coal, due to the labor troubles
in England and the angmented demand owing to the lack of
water for power, is bringing about increased activity in the
Swedish mines in Skape, in the south of the Kingdom. The
Skane coal is not suited for coke and is of inferior quality. It
is conceivable that the labor troubles in England might affect
the situation to an extent such that Sweden would have to look

elsewhere for its supply, thus giving a possible opportunity
for the introduction of American coal.

Coal constitutes nearly 10 per cent. of the total imports into
Sweden. About one-fifth of this fuel is entered at Gothenburg,
which port and Stockholm are the principal import places,
Malmo and Gefle coming next. The total import for the last
three years for which figures are available has been, in tons:
In 1907, 4,146,785; in 1908, 4,427,507; in 1909, 4,084,055. It
was practically all from Great Britain. The kinds in 1909
were, in tons: Anthracite, 146,162; gas and coking, 263,749;
smithy and nut, 300,258; steam coal, 3,352,943; miscellaneous,
20,943

The production of coal in Sweden is less than 7 per cent.
of the consumption of the country, the output in 1910 being
302,800 tons.

CORK TRADE OF THE UNITED STATES.

The cork-growing industry is being introduced experimentally
into the United States by the Department of Agriculture.
At Chico, Cal., the Bureau of Plant Industry has growing quite
a number of cork-oak trees of various species that were secured
by David Fairchild, the Department’s agricultural explorer.
The Bureau of Forestry is also conducting experiments near
Pensacola, Fla., where the Cork-oak acorns have been planted,
some of which are growing in the second year successfully.

Lacking a native supply, the United States purchases abroad
nearly $6,000,000 worth of raw and manufactured cork, official
statistics for the calendar year 1911 showing imports of un-
manufactured cork wood or bark, valued at $3,819,651, and of
cork manufactures worth $2,070,672, a slight decrease from
the respective totals of $3,908,533 and $2,191,563 in 1910.

MALAYSIAN TIN EXPORTS.

The Federated Malay States Government Gazette gives the
following table to show the weight of tin (tin exported in the
form of ore having been taken at 7o per cent. of the gross weight
of the ore) exported from the Federated Malay States during
1910 and 1911 (picul = 133!/ pounds):

1910. 1911,

Tin contained Tin contained

Tin. in tin ore. Total. Tin. in tin ore. Total.

States. Piculs. Piculs. Piculs. Piculs. Piculs. Piculs.
Peraklisvavees 109,867 311,468 421,335 97,835 339,504 437,339
Selangor....... 43,397 196,795 240,192 54,215 176,960 231,175
Negri Sembilan 121 34,576 34,697 20 29,140 29,230
Pahang. ... ... 12,930 27,744 40,674 15,281 28,673 43954
Total s oots 166,315 570,583 736,898 167.421 574,277 741,698

SHARK’S LIVER OIL INDUSTRY PROPOSED.

Vice-Consul General D. Milton Figart, Singapore, Straits
Settlements, states that it has been proposed to start in Malaysia
a small export trade in shark’s liver oil. This oil is refined
in Europe and sold as cod-liver oil. In October the ocean sharks
come into the lagoon, between the barrier reef and the atolls,
to pair. At this time they can be speared in large number
by people skilled in catching them. There are several species
of these sharks and they ordinarily run from 7 to 15 feet in length.
The girth of an ordinary shark is the same as its length, and an
11-foot shark would be 11 feet around the body. The liverofa
shark of this size gives about 5 gallons of oil. The oil brings
$73 a ton. The sharks are found in pairs and the harpooners
try to Kl the male first, in which case they are able to also
spear the female, ss it does not desert its mate.
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BOOK REVIEWS

Transactions of the American Institute of Chemical Engineers.
! Vol. III (1910). 8vo., 411 pages. D. Van Nostrand Co.,

New York, 1911. $6.00.

Contents: Kvolution of Portland Cement Processes, Chas.
F. McKenna. Study of Materials in Chemical Engineering
Chas. F. McKenna. Reports of the Committee on Chemical
Engineering Education, F. W. Frerichs. Remarks on Chemical
Engineering Education, F. W. Frerichs. Development of the
Chemist as an Engineer, F. W. Atkinson. The Training of
Chemical Engineers which Meets the Requirements of Manu-
facturers, M. C. Whitaker. Teaching Industrial Chemistry,
A. H. Sabin. Commercial Manipulation of Refractory Ele-
ments for Incandescent Lamp Purposes, Ralph E. Myers. The
Manufacture and Industrial Applications of Ozone, Oscar
Linder. The Changes in Industrial Chemistry Caused by Elec-
tricity, I..R. Taylor. Notes on the Corrosion of Iron and Steel
and its Prevention, G. W. Thompson. Protal; a New Product
for Use in the Arts, F. G. Wiechmann. Chemical Industries
of Canada, J. C. De Cew. Underground Waters for Manufac-
turing Purposes, Wm. M. Booth. Loss in Coal Due to Storage,
A. Bement. Nitric and Mixed Acids, Schuyler Frazier. Plant
Design, Wm. M. Grosvenor.
ander. Manufacture of Hydrated Lime, R. K. Meade. Bleach-
ing Oils with Fuller’s Earth, David Wesson. SYMPOSIUM ON
SEWAGE DisposaL. = Principles of Sewage Disposal, G. C.
Whipple. Sewage Disposal in Europe, Rudolph Hering. Sew-
age Disposal in New York City and Vicinity, G. A. Soper. Sani-
tary Conditions in their Relations to Water Supplies in the
Vicinity of New York, N. S. Hill, Jr. Unsolved Problems of
Sewage Disposal, C. E.-A. Winslow.

It speaks well for the activity of our youngest chemical society,
that in the third year of its existence, it can produce such an
imposing array of papers as the table of contents shows.

The volume, which shows the usual excellent work of the
publishers, as well as evidence of careful proof-reading, contains
much to interest not only the chemical engineer, but also the
chemist who is not an engineer. The teacher of chemistry
and the civil and the sanitary engineer will find much to interest
them.

Aside from the papers on Chemical Engineering Education
and allied subjects, all of which are of intense interest, the
following are especially worthy of note:

Evolution of Portland Cement Processes, by Chas. F. Mc-
Kenna.

The Manufacture and Industrial Applications of Ozone, by
Oscar Linder.

Plant Layout, by W. M. Grosvenor and the Symposium
on Sewage Disposal. D. D. BEROLZHEIMER.

The Technology of Bread-Making, including the Chemistry
and Analytical and Practical Testing of Wheat, Flour and
Other Materials Employed in Bread-making and Confec-
tionery. By WiLLiam Jaco, F.I.C.,, F.C.S., AND WILLIAM
C. Jaco. American Edition, Bakers’ Helper Company,
Chicago. go8 pages; 123 figs.

The present volume, as stated by the senior author in his
preface, is a development of his previous works on the same
subject which appeared in 1886 and 1895. The large amount
of research in the field of bread-making since 1895 has caused
the authors to make a complete revision of the earlier editions.

“The general scope of the new volume and the relative im-
portance which has been placed upon separate subjects are
indicated in the following brief synopsis of the 33 chapters:

The Fitzgibbon Boiler, J. Alex--

/

An elementary treatise upon"inorganic' and organic chemistry
with special reference to ash, fat, carbohydrates, and proteids,

120 pages.
Enzymes, fermentation and the technology of yeast, 130
pages.
The, chemistry of wheat, flour, and milling products, 150
pages.

The chemistry of bread and bread-making, 125 pages.
Nutritive value of bread and laws governing its sale, 50 pages.
Bake-house design and baking machinery, 100 pages.

Methods for analysis of flour, bread, confectioners’ raw mate-
rials, etc., 220 pages.

Index, 15 pages.

In addition to the results of their own researches and experi-
ence, the authors have collected a wealth of material hitherto
scattered in scientific journals, experiment station bulletins,
court records, etc., of different countries and have added to this
a great deal of information gathered from private sources.
In reviewing the recent work in their field, the authors have
prepared brief abstracts of all original articles which they have
supplemented by a critical review. This method of treatment
is particularly commendable and though the reader may not,
in all cases, agree fully with the opinion of the authors upon some
disputed points, he will find the arguments pro and con pre-
sented with equal fairness and fulness of detail.

In addition to its value to those specially interested in the
bread-making industry this new volume will be of great service
to the food chemist and public analyst. The chemist in pre-
paring testimony for a court will find valuable assistance in
the discussion of such topics as bread improvers, faulty bread,
alum baking-powders, bleached flour, and scores of other sub-
jects which might be mentioned.

The description of chemical methods is upon the whole very
complete although the reader may, in certain cases, wish that
in naming the author of a particular method the reference to
the original publication had always been given for his guidance.
The quartz wedge saccharimeter is used at present more ex- °
tensively than the polarimeter in the analysis of food products
and a short description of this instrument should have been
included in the polariscopic methods of analysis.

The book is well printed and the cuts and photographs
clear and distinct. C. A. BROWNE.

Die Chemie der trocknenden Oele. By WILHELM FAHRION.
8vo., pp. viii + 298. Berlin, Julius Springer, 1911. Price,
10 M.; cloth, 11 M.

The author calls attention to the fact that the greater impor-
tance of drying oils over all other forms of fatty bodies is indi-
cated by the publication in 1867 of J. G. Mulder’s work on
“Die Chemie der Austrocknenden Oele’” before the publication
of any works devoted to the general chemistry of fats and.:oils.

The present work is a comprehensive review of the chemistry
of drying oils brought well up to date. The principal part
of the text is devoted to linseed oil, the other drying oils being
very briefly treated.

In the present work, the literature of the subject appears
to have been gone over very thoroughly, at least so far as it
has been published in German or English, and reference is made
throughout to the original papers. The subject is treated
principally from the standpoint of the analyst, comparatively
little material having been introduced from descriptions of
manufacturing processes unconnected with analytical processes.
To the analyst this work will be a convenient book of reference.

PARKER C. McILHINEY.
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Analysis, Rapid Methods of—. By N. SamTeER. L.8vo., Proteins, The Physical Chemistry of the—. By T. B. ROBERT-

237 pp. $2.50. Halle, 1911. (German.) soN. L. 8vo., 447 pp. $3.50. Dresden, 1912. (German.)

Bread, The Chemistry of—
$1.25. London, 1912.

Cellulose, The Chemistry of-—, with Special Reference to the
Textile and Similar Industries. By C. G. ScuwaLBg. L. 8vo.,
680 pp. $6.25. Berlin, 1912. (German.)

Chemical Works, Their Design, Erection and Equipment.
S. S. DysoN AND S. S. CLARKSON.
Scott, Greenwood & Son, London.

Chemistry, Contemporary. By E. E. FOURNIER D’ALBE.
8vo., 188 pp. $1.25. D. Van Nostrand Co., New York.

Chemistry, Triumphs and Wonders of Modern—. By GEOFFREY
MARTIN. 8vo., 378 pp. $2.00. D. Van Nostrand Co.,
New York.

Colloids, The— in Biologie and Medicine. By H. BECHHOLD.
8vo. $4.00. Theodor Steinkopff, Dresden. (German.)

Coloring, The Industry of the Organic— Materials. By ANDRE
WAHL. 8vo., 387 pp. $1.00. Octave Doin et Fils, Paris.
(French.) .

Colors, Coal-Tar— Used in Food Products. By BERNHARD C.
HESSE. 8vo., 228 pp. U. S. Dept. of Agriculture, Bureau
of Chemistry, Bulletin 147.

Dictionary of Applied Chemistry, Vol. I.

Making. By J. Graur. 8vo.

By
Roy. 8vo., 220 pp.” $5.50.

By EpWARD THORPE.

Revised. L. 8vo., 758 pp. $11.50. Longmans, Green &
Co., London.

Dyes, The Mineral, Vegetable and Coal Tar—. By H. TH.
BUCHERER. 8vo. $1.25. Veit & Co., Leipzig. (German.) -

Dyes, Organic—. H. WICHELHAUS.
Th. Steinkopff, Dresden. (German.)
Dyes, The Sulfur—, their Manufacture and Use.

L. 8vo., 150 pp. $1.25.

By O. LANGE.

8vo., $6.00. Otto Spamer, Leipzig. (German.)
Dyestuffs, The Sulfur—, their Manufacture and Use. By O.
‘LANGE. L. 8vo., 497 pp. $5.50. Leipzig, 1912. (German.)

Essential Oils, Scientific and Industrial Bulletin of Roure-Ber-
trand Fils, October, 1911. 8vo0., 142 pp. Roure-Bertrand
Fils, Grasse.

Explosives, Investigations of— TUsed in Coal Mines. By
CLARENCE HaLL, W. O. SNELLING AND S. P. HOwWELL. 8vo.,
197 pp. U. S. Bureau of Mines, Bulletin 15.

Fuse, The Rate of Burning of— as Influenced by Temperature
and Pressure. By WALTER O. SNELLING AND WILLARD
C. Cope. 8vo., 28 pp. U. S. Bureau of Mines, Technical
Paper 6.

Fuse, Investigations of— and Miners’ Squibs.
HALL AND SPENCER P. HOWELL.
of Mines, Technical Paper 7.

Gas, Proceedings of the German Society of— and Water Engi-
neers. 8vo., 808 pp. R. Oldenbourg, Munich. (German.)

Glass, The Manufacture of—. By R. DrarLE. Vol II. 8vo.
$11.00. R. Oldenbourg, Munich. (German.)

Lime, Cements and Plasters. By E. LeEpuc axp G. CHENU.

By CLARENCE
8vo., 19 pp. U. S. Bureau

12mo., 252 pp. $1.25. Ch. Béranger, Paris. (French.)
Metallurgy, Vol. I. By H. LANG. 8vo. $3.50. Hill Pub-
lishing Co., London. '
Oils, Vegetable— and Fats. By G. HALPHEN. 8vo., 498 pp.

$1.60. Ch. Béranger, Paris. (French.)

Pharmacopeia, Digest of Comments of the— of the United
States. By Murray GALT MOTTER AND MARTIN I. WILBERT.
8vo., 730 pp. Public Health and Marine Hospital Service,
Hygienic Laboratory, Bulletin 79.

Photochemical Experimentation. By J. PLOTNIKOW.
Akademische Verlagsgesellschaft, Leipzig. (German.)

8vo.

Refrigeration, Cold Storage and Ice-Making. By A. J. W.

TavLor. 3d Ed. 8vo., 656 pp. $2.75. C. Lockwood,
London.
Silk, Artificial—, Its Production, Qualities and Use. By K.
SUEVERN. 3d Ed. 8vo.,, 631 pp. $4.50. Berlin, 1912.
(German.)

Steel, The Metallurgy of—. F. W. HARBORD AND J. W. HALL.
Vol. II., 4th Ed. 8vo., 994 pp. $9.00. G. Griffin & Co.,
London.

Sugar, Stohmann’s Handbook of— Manufacture. By A.
ScHANDER. 5th Ed. L. 8vo., $6.50. Berlin, 1912. (Ger-
man.)

Technology, Lectures on Chemical— By H. WICHELHAUS.
3d Ed. L.8vo., 884 pp. $5.50. Th. Steinkopff, Dresden.
(German.)

Textile, Use of Fats in the— Industry. By F. ERBAN.
364 pp. $4.50. Halle, 1911. (German.)

L. 8vo.,

RECENT JOURNAL ARTICLES OF INTEREST TO THE
INDUSTRIAL CHEMIST.

Dyes, The Relative ‘Adsorption of— by Sand and Natural Fibers.
By W. P. DREAPER. Journal of the Society of Chemical
Industry, Vol. 31, 1912, No. 3, pp. 100-103.

Essential Oils, Development of the Industry of Olfactory Sub-
stances. By ALBERT - HESSE. Zeitschrift fuer angewandte
Chemie, Vol. 25, 1912, No. 8, pp. 337-365.

Lake Bases: Their Composition and Uses. By Francis H.
JENNISON. Oil and Color Trades’ Journal, Vol. 41, 1912,
No. 696, pp. 594—596. :

Oil, Turkey Red—: Its Composition and Analysis. By F. W.
RicHARDSON AND Wwm. K. WALTON. Journal of the Society
of Chemical Industry, Vol. 31, 1912, No. 3, pp. 105-108.

Paper, Tests for Mechanical Wood Pulp in—. By EUGEN
MRz AND Hans WREDE. Paper, Vol. 6, 1912, No. 10, pp.
19—21.

Refractories. By Francis A. J. FrrzGERALD. Metallurgical
and Chemical Engineering, Vol. 10, 1912, No. 3, pp. 129-132.
Roasting, The Important Factors ineBlast—. By H. B. PULSIFER.
Metallurgical end Chemical Engineering, Vol. 10, 1912, No. 3,

PP. 153-159.

Rubber, Ceresin Wax in— Mixings.
H. E. Porrs.
No. 7, pp- 5-9-

Sewage, Note on the Phenol-Sulfonic Acid Method of Determining
Nitrates in— Effluents. By HARRY SILVESTER. Journal
of the Society of Chemical Industry, Vol. 31, 1912, No. 3, pp.
95—96.

Sugars, A New Method for the Determination of Reducing—.
By E. C. KENDALL. Journal of the American Chemical

:Society, Vol. 34, 1912, No. 3, pp. 317-341.

Sulfite, The Recovery of Waste— Liquors. By GEORGE P.
FORRESTER. Paper, Vol. 6, 1912, No. 11, pp. 15-16.

Tanning, The— Properties of Waste Sulfite Cellulose Liquors.
By Avrax A. CLAFLIN. Journal of the American Leather
Chemists’ Association, Vol. 7, 1912, No. 3, pp. 154—165.

Wax, Cotton—. By C. PIEST. Zeitschrift fuer angewandte
Chemde, Vol. 25, 1912, No. 9, pp. 396-399.

Zinc, An Electrolytic Method for the Reduction of Blue Powder.
Advance Copy. By WARREN F. BLEEKER. Transactions
American Elecirochemical Society, Vol. 21, 1912.

By W. J. BRITLAND AND
India Rubber Journal, Vol.} 43,'T1912,
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| RECENT INVENTIONS

Reported by C. L. Parker, Solicitor of Chemical Patents, McGill Building, Washington, D. C,

ELECTROLYTIC APPARATUS.

U. S. Patent No. 1,007,897, to G. O. Seward and F. von Kugelgen,
Virginia.

This invention relates to an electrolytic cell or vessel for the
production of metals lighter than their clectrolytes.

In the production by electrolysis of those metals and alloys
which have a less specific gravity than the molten electrolytes
from which they are separated, a source of difficulty is the col-
lection of the metals in such a way that they cannot come in
contact with the gases set free at the anode, with which they
would otherwise combine.

The present apparatus is designed to render possible and
casy isolation of the separated metal or alloy by providing
a combination of a cathode projecting up from the bottom of
the electrolytic vessel through the electrolyte, and a chilled
salt-incrusted collecting partition located above the cathode
in such a way that the metal is confined as soon as separated
and can be allowed to collect within the chamber or space
bounded by such partitfon, from which it may be removed
as convenient. ;

+ ©

N
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In the production of sodium, which remains fluid at the
temperature of the electrolyte, difficulty is}'presentcd in dis-
charging the metal from the cathode chamber into a suitable
receiving vessel, by reason of the congealing of the metal upon
the walls of the conduit which becomes clogged thereby.

The invention provides for the ready discharge of such fluid
metal by providing a vertical conduit into which the metal
flows from the cathode chamber over a spout or lip which causes
it to fall freely through the conduit without touching its'walls,
or touching only those portions of its walls \vhich:‘arc adequately
heated. This conduit is preferably formed integral with the
cathode by making the latter hollow.

MANUFACTURE OF FERRIC OXIDE.

U. S. Patent No. 1,008,321, to John Gill, England.

This invention is based on the fact that calcium carbonate
can be changed into a soluble calcium bicarbonate and in the

presence of a solution of ferrous chloride precipitates the iron
contained in the liquor as ferrous carbonate which is capable
of being oxidized into ferric hydrate.

The. invention consists essentially in treating waste or other
liquors containing ferrous chloride with carbonate of lime and
carbon dioxide and air to precipitate into ferric hydrate and
subsequently calcining the ferric hydrate to drive off the water
and obtain a pure or high-class oxide of iron.

The accompanying illustration shows apparatus in which
the process can be advantageously carried out.

PROCESS FOR CONVERSION OF LOWER OXIDS OF NI-
TROGEN TO HIGHER OXIDS OF NITROGEN.

U. S. Patent No. 1,008,383, to Fin Sparee, Wilmington, Delaware.
Assignor to the E. I. du Pont de Nemours Powder Co.

This is a method of treating oxides of nitrogen in solution
to increase their oxygen content, which consists in passing
a current of electricity through said oxides of nitrogen solution
and acidulated water, between electrodes in the respective
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solutions, the current density on the electrode in the oxides
of nitrogen solution being above one hundred amperes to the
sq. cm. and the current density on the elcctrode:in the acidulated
water below ten amperes to the sq. cm.

The accompanying illustration shows apparatus in which
the process can be advantageously carried out.



Salt Cake (glass-makers’) ... ...C.

MARKET REPORT.

AVERAGE WHOLESALE PRICES OF STANDARD CHEMICALS, ETC., FOR MONTH OF MARCH.
ORGANIC CHEMICALS.

A cetanilid i s e v e oo oaaate Lb. 20/, @ 23
Acetone (drums).......ooeoenn. Lb. 14}/, @ 15
Alcohol, grain (188 proof)....... Gal. 2.56 @ 2.58
Alcohol, wood (95 per cent.)....Gal 50 @ 52
Alcohol, denatured (180 proof). .Gal. 0 @ 42
Amyl Acetate. . .....oeieneen Gal. 2.0 @ 3.00
Acetic Acid (28 per cent.).......C. 1.878/5:@ 2t 02t /3
Aniline Ol iivi s ioie i b3 10/, @ 11!/,
Benzoic Acid...ccveervoroonns Lb. 231/, @ 28
Carbon Tetrachloride (drums)...Lb 9/, @ 12
Carbon Bisulphide. ............ Lb. nominal
Chloroform. ...couvveesenneanns Lb. 20 @ 30
Carbolic Acid (drums).......... Lb. 18 @ 19
Citric Acid (domestic), erystals. .Lb. 381, @ 39
Camphor (refined in bulk)...... Lb. — @ 44
Dextrine (imported potato). .. .. Lb. 5@ 5%
Dextrine (COrM)..cueeweernensen (&, 2.95 @ 3.31
Ether (U. S. P., 1900).......... Lb. 14 @ 20
Formaldehyde................. Lb. 8/, @ 9/,
Glycerine (dynamite)........... TEhe 143/, @ 15
OxalicAcid....cooiieniivaaaans Lb. 7Y/, @ 74
Pyrogallic Acid (bulk).......... Lbai 1 358 @ F1245
Salicylic Acid. ...vvienaaren. Lb. 32 @ 34
Starch (€orn)......coveeeaeaenn (@ 2.20 @ 2.50
Starch (potato)...........e.... Lb. 5 @ 3
Tannic Acid (commercial)...... Lb. 350 @ 35/a
Tartaric Acid, crystals.......... Lb. 30/, @ 31
INORGANIC OHE:MICA.I.S

Acetate of Lime (gray)........ & 25258 8 (@ 2530
Acetate of Lead (brown, broken)Lb 7%/ @ 8
Alum (Jump)....ovveeeaneeennn (e 1.75 @ 2.00
Ammonium Carbonate, domestic Lb. 8 @ 8/,
Ammonium Chloride, gray...... Lb. 64 @ 6'/,
Aluminum Sulphate............ (& g0 @ 1.75
Aqua Ammonia (drums) 16°. ...Lb. 2!/, @ 21/,
Arsenic, white......... .l Lb. 3/, @ 33/]
Brimstone (crude, domestic)....Ton 22.00 @ 22.50
Barium Chloride............... Cs 1.45 @ 1.60
Barium Nitrate................ Lb. 4%/, @ 5
Borax, crystals (bags).......... Lb. 3/, @ 4
Boric Acid, crystals (powd.)....Lb. 7 @ 7Y/2
Bromine, bulk..........c...... Lb. 25 @ 30
Bleaching Powder (35 per cent.) C. 1i25 S @+ 1.30
Barytes (prime white, foreign)...Ton 18.50 @ 22.50
BluetVitrioliv: S sriticonns v, Ib. 4.90 @ 51/3
Calcium Chloride. .. .oovenn. ot (& 65 @ 90
Chalk (light precipitated)....... Lb. 4Y, @ 6
China Clay (imported)......... Ton 11.50 @ 18.00
Feldspata it st vaioiaion, Ton 7.00 @ 9.00
Fuller’s Earth, powdered....... (€ 8% @ 85
Green Vitriol (bulk)............ & 55 @ 60
Hydrochloric Acid (18°)........ (@ 1.15 @ 1.55
Todine (resublimed)............ Lb. 2.60 @ 2.65
LeadiNitrate =t s oo Lb. 8/: @ 8%/,
Tathium Carbonates, volv. o tii, Lb. 67 @ 70
Magnesite (TaW) . .oeeeaeisnnsn Ton 7.50 @ 8.50
INitric ACId 362 it el Lb. 37/ ® AL/
Phosphiorust i ietaieal wotnsy Lib: 335 @ 90
Phosphoric Acid, sp. gr. 1.75....Lb. 22 @ 26
Plaster ofiParis. i isiiat ol e Bbl. 1.50 @ 1.70
Potassium Bromide. ........... Lb. 31 @ 34
Potassium Permanganate (bulk) Lb. 9/, @ 10
Potassium Cyanide (bulk) o8-

i7iigg percent: L UUL i EE Ul Lb. 19/, @ 21
Potassium Iodide (bulk)........ Thiiiai10 @ 2815
Potassium Chlorate, crystals. ...Lb. 8/, @ 9%/,
Potassium Nitrate (crude)...... Lb. 43, @ 5
Potassium Bichromate, 50°..... Lb. 67/s @ 7
Quicksilyersiiis sttt e Flask 46.00 @ 48.00

55 @ 65

SilverzNitrate o S0 uRT S os Oz. 37 @ 39
Soapstone in bags.............. Ton 10.00 @ 12.00
Sodium Acetate 2o LRl TR Lb. 4/, @ 5
Sodium:Chlorate iindivsics iy Lb. 8/, @ 9/,
Sodium Bicarbonate (English)...Lb 2%/, @ 3
Sodium Bichromate............ Lb. 5 @ 51/4
Sodium Hydroxide, 60 per cent. C. 1.70 @ 1.75
Sodium Hyposulfite............ (&, 1.30 @ 1.60
Sodium Nitrate, 95 per cent.,

Spots sl i C. 2.20 @ 2.22Y/,
Sodium Silicate (liquid)........ Gt 65 @ 1.50
Strontium Nitrate............. Lb. 67/ @ 7%/
ST D I R O] st C. 1.85 (@i 215
Sulphur, Flowers (sublimed). . ..C. 2.20 @ 2.60
Sulphuric Acid, 60° B.......... (&% 8 @ 1.00
Talc (American)sn i s Ton 15.00 @ 20.00
Terra Alba (American), No. 1...C. 75 @ 80
Tin Bichloride (50°%)........... Lb. 12%/, @ 13
LinsOxide SR e Lb. 47550 @ 05T
Zinc Chloride (granulated)...... Lb. 4}/, @ 4%/,
Zinc Sulphateis i s Lb. 2!/, @ 2/

OILS, WAXES, ETC.
Beeswax (pure white).......... Lb. 40 @ 45
Black Mineral Oil, 29 gravity. ..Gal. 12 @ 123/%
CastoriOili(Nor3)Leintinrietins Lb. 9/, @ 101/,
Ceresin (yellow). ..o oein. by isiia@ 14
CornfOilarete e, (€ 5.20 @ 5.50
Cottonseed Oil (crude), f. o. b.

S B v DAt B B S Tia Gal 34 @35
Cylinder Oil (light, filtered). . ... Gal. 19}/, @ 20
JapansWax i snaaiinite o Lb. 9!/, @ 9/,
Lard Oil (prime winter)........ Gal. So @ 85
Linseed Oil (double-boiled). . ... Gal. 72 @ 75
Paraffine Oil (high viscosity).. ..Gal. 231/, @ 24
Paraffine (crude 120 & 122

M py)isai S A BT Lb. 3 @ 38
Rosin Oil (firstrun)......o.vvne Gal. 38 @ 40
Spindlet O1l"No; 1 W iraraae: Gal. 14 @ 14/,
Sperm Oil (bleached wmtcr) 38°. Gal. 76 @ 78
Stearic Acid (dbuble-pressed). . 8%/, @ 9%/,
Tallow (acidless)........eienvis Gal. 63 @ 65
Tar: Oili(distilled)sFmaRanaisee Gal. 30 @ 31

METALS g

Aluminum (No. 1 ingots)....... Lb. 19'/, @ 191/,
Antimony (Hallet’s). .......... Lb. 73/ @ TR
Bismuth (New York)........... Lbidi 2210 0 (@2 515
Copper (electrolytic)...........ILb. 14.60 @ 14.65
Copper.(lake) ittt ninsasicoe Lb. 14.65 @ 14.75
Teads NSVt aitrneiieenan Lb — @ 4.05
INickel Fienmiitit s ot Lb 40 @ 45
Platinum: (refined) il oS Oz. 45.50 @ 46.00
Silyer is s A i et el e Oz 58%/, @ 503 /8
MMy e e e ST Lb 423/ @ 43
ZIncs st R S e e S Ib. 6.85 @ —

FERTILIZER MATERIALS.
Ammonium Sulphate........... C — @ 3.30
Fish Scrap, domestic, dried..... Unit 3.25 @ 10
iBlood tdried ettt o = Unit 2.85 @ —
Tankage, high grade........... Unit 2.70 @ 10
Bone, 4/, & 50, ground, raw....Ton 27.00 @ —
Potassium, ‘‘muriate,” basis 8o

pels centiss i it e Ton 38.05 @ —
Phosphate, acid, 16 per cent....Ton 7.50 @ 7.75
Phosphate rock; f. o. b. mine:

Florida land pebble 68 per

centa AU Ti e inetaan Ton 3.70 @ 3.80

Tennessee, 68—72 per cent....Ton 4.25 @ 4.50
Pyrites, furnace size, imported. . Unit 0.13 @ o0.13Y/,
Castoramealiatic s lvi i Unit 2.95 @ 3.10 & 10
Mowrahmealigsi o ST Taion Ton 8.50 @ 9.00



National Aniline and Chemical Co.

100 William Street, New York
Manufacturers of Aniline Colors and Coal Tar Products

Importers of Dyestuffs, Chemicals, Gums, Etc.

Offices a;xd Warehouses:

NEW YORK BOSTON " NEW HAVEN CINCINNATI KANSAS CITY
PHILADELPHIA PROVIDENCE CHICAGO MILWAUKEE MINNEAPOLIS

Works: Schoellkopf, Hartford & Hanna Company, Buffalo.

SHRIVER
. FILTER PRESSES

For All Purposes
Filter Press Pumps, Filter Cloth and Filter Paper
SEND FOR CATALOG ‘‘s'’

7 T. SHRIVER & CO.

Office and Works
824 Hamilton St., Harrison, N. J.

LIQUID CHLORINE

IS THE MOST ADVANTAGEOUS FORM OF THIS ELEMENT FOR ALL USES.
OUR PRODUCT IS PRACTICALLY 100% PURE CHLORINE.
WE ARE READY TO SUPPLY IN QUANTITIES FOR IMMEDIATE DELIVERY.

ELECTRO BLEACHING GAS CO.

MANUFACTURERS OF LIQUID CHLORINE. OFFICE: 24 AND 26 EAST 21sT STREET, NEW YORK 4

RoBT. F. CARR, Pres. W. A. CONVERSE, Chemical Director

Dearborn Drug and Chemical Works

Makers of Treatment for Boiler Waters
As per Analysis

Operators of Analytical Laboratories Physical Testing and Analyses of Lubricating Oils

General Offices and Laboratories, McCormick Bldg., Chicago




BEARD’S AUTOMATIC BURETTE FOR AGCURATE AND
RAPID MEASURING OF REPEATED
VOLUMES OF ANY FLUID

Has been found economical and successful in delivering
accurate doses of Antitoxine solutions, Bacterial vaccines,
Culture media, and Dilutions for making Bacterial Counts
from milk
1. Four-way stop-cock.

. Piston, working freely in
measuring cylinder.
3. Screw regulating volume of
charge.
~3 4. Canula from which charge
s delivered.

N

The automatic
burette was de-
signed in the
Lederle antitoxin
laboratories for
accurately mea-
suring doses of
highly concen-
trated antitoxin,

Patented Nov. gth
1999,

Particularlyjadaptable for chemical manufacturing plants
and chemical-selling organizations where accuracy in the
measurement of light and heavy chemical liquids will net a
consndcr:blc saving over the old methods of measuring.

Any size desirable made to order, Write us of your re-

uirements.

GEORGE ERMOLD

362-372 Second Ave., NEW YORK

THE EMIL GREINER COMPANY

45-47 Cliff $t., NEW YORK CITY

®

For years we have made a specialty furnishing

GLASSWARE AND SUPPLIES
to the U. S. Dept. of Agriculture, State and Municipal
Laboratories, and are familiar with their requirements,
and can assure prompt and intelligent execution of
orders in our line.

We manufacture as our we known specialties
NESSLER CYLINDERS of colorless glass, uniform
markings; FERMENTATION TUBES of various
shapes; COUNTING PLATES with standard or
special rulings; PIPETTES; PETRI DISHES; CUL-
TURE TUBES; etc., etc. Send for special list of
Guaranteed and Accurate Volumetric Glassware

.according to the specifications of the Bureau of

Standards.

Red Graduations on Index Plates on Voland Balances

For about a year we have furnished our balances with RED
GRADUATED INDEX PLATES. Used by prominent As-
sayers and Chemists WITH GREAT SATISI‘ACTION The
BLACK indicator or pointer oscillating before the RED

aduations enables CLOSER READINGS—IS RESTFUL TO

HE EYES—and REDUCES to a MINIMUM the STRAIN
thereon. Cut Illustrates—

A Capacity 200 grms.,
Analytical Balance No. 1008* Gapacity 200 zrme,
MANUFACTURED BY

VOLAND & SONS
(Established 1888)
New Rochelle, N. Y., U. S. A
Send for Catalogue “'E”

Special Facilities for repairing Balances of any make.
Write for Prices

Trade Lists

and

Statistics

Lists of manufacturers, importers, exporters, con-
sumers and shippers of chemicals, drugs, oils, paints,
minerals, metals, etc., in the United States and Europe.

Statistical data compiled covering the exportation,
importation or production of these materials. Tables of
price fluctuations prepared. These reports in conjunc-
tion with laboratory reports show the commercial im-
portance of the markets.

An editor, formerly identified with the leading
technical publications and well acquainted with the
technicalities of the industries, is in charge of this
department.

Correspondence, which is regarded as confidential,
solicited. Catalogue.

The Trades Press Service
50=52 Pine Street, New York City.




Knorr’s Apparatus

for the

Distillation of Metals

" Grass-BLowING
: K) .* | Chemical, Physical
¢ 1o and Bacteriological
.| | Apparatusand Lab-
2 }ﬁ;ﬁ" oratory Supplies.
T
. J-‘{m # :\f‘f’ ; 3 | Catalogue “A” upon request.
- 2] B Machlett & Son,
; ' [43-45 East 23rd Street,
NEW YORK CITY,
Manufacturers of Chemical Apparatus
Established 1897.%

"

Hoffman & Kropff

Chemical Company

Manufacturers of
Synthetic Organic and
Analyzed Inorganic

CHEMICALS

of exceptional purity, for use in
Commercial, Scientific and
University Laboratories

Price List on request

613-619 Kent Ave.,
BROOKLYN, N.Y.

be N 2 OFFICE:

C. O. BAKER, Pres.

PLATINUM

C. W. BAKER, Vice-Pres.

CRUCIBLES and DISHES
ANODES and CATHODES
WIRE SHEET and FOIL

PLATINUM IN SPECIAL
FORMS MADE TO DRAWING

Scrap purchased or exchanged
Write for Catalogue.

BAKER & CO., Inc.

408-414 N. J. R. R. Ave,,
- NEWARK, N. J.

30 CHURCH ST.

~
2=-12

Lahoratory
Yacuum
Drying:

Apparatus

Improved Packard
Vacuum Pumps for
Vacuum Pans, for
rapid and economi-
cal evaporation and

concentration, for
total drying, for im-
pregnating and pre-
serving, or dis n-
~ fecting, for reclaim-
ing of valuable

solvents, efc.

Fully Desci‘iplive Catalogue upon request.

NORMAN HUBBARD'S SONS.

263-5-7 Water Street,
Brooklyn, N. Y.




WESTON STANDARD
CENTRIFUGALS

CHEMICALS, COLORS, DRUGS

10-INCH (ALSO MOTOR DRIVE)
FOR LABORATORY AND EXPERIMERNTS
5-INCH HAND POWER

THE AMERICAN To0L AND MAGHINE C0.

incorporaTep 1864 |09 Beach St., BOSTON, MASS,

PREPARED
COTTONS

For Nitrating and other

Manufacturing Purposes

MASSASOIT MFG. CO.

FALL RIVER, MASS-

Chemical Laboratory
Glassware & Apparatus

High=-grade Thermometers and Hy=
*  drometers for Laboratory Use

Medium=grade Instruments
for Factory Use

Carbondale Instrument Co.,

Carbondale, Pa.
New York Boston  Pittsburgh * Chicago Baltimore

Members should wear the American Chemical Society

4
=) Cost of Pin in Solid Gold,
' $3.75

Members in good standing may obtain an order
on the manufacturer by addressing the Secretary.
Payment should be made to manufacturer direct. Do
not remit to the Secretary.

CHAS. L. PARSONS, Sec'y,
Durham, N. H.

Instruments
A Full Line of
Alternating Current Switchboard
Indicating Instruments

is offered by this Company, comprising

Wattmeters, Single and Polyphase,
Frequency Meters, Power Factor Meters,
Synchroscopes, Ammeters, Voltmeters.

New Modelsof Weston D, C. Instrumentsto Match

This whole group of instruments embodies the results of
several years' exhaustive study and scientific investigation of all
the complex electrical and mechanical problems involved in the
development of durable, reliable, sensitive and accurate instru-
ments for use on alternating current circuits.

Every detail of each of these instruments has been most care-
fully studied and worked out so as to be sure that each shall
fully meet the most exacting requirements of the service for
which itis intended. Neither pains nor expense has been spared
in the effort to produce instruments having the longest possible
life, the best possible scale characteristics, combined with great
accuracy under the most violent load fluctuations and also under
the many other trying conditions met with in practical work.
Every parl of each instrument is made strictly to gauge and the
desi ?and workmanship and finish is of the higf:cll order of
excellence.

We invite the most critical examination of every detail of
cach member of the group. e also solicit the fullyeut investi-
gation of the many other novel features and very valuable opera-
tive characteristics of these new instruments and request a care-
ful comparison in all these respects with any other make of in-
struments intended for like service. We offer them as a valuable
and permanent contribution to the art of electrical measurement.
Their performance in service will be found to justify the claim
that no other makes of instruments approach them in fitness for
the service required from A. C. Switchboard indicating instru-
ments.

Full particulars of design, construction, prices,

elc., are given in Calalog 16. Write for st.

- Westor Stecliical JnsluwmeniCa

MAIN OFFICE AND WORKS NEWARK, N.J.
NEW YoRK OFFICE: 114 LIBERTY STREET.




PEROXIDES PERBORATES
- OXONE  HYDRONE

PRODUCING OXYGEN GAS PRODUCING HYDROGEN GAS

- 100% PURE

The Roessler & Hasslacher Chemical Co.

100 William St., New York.

The Journal « Industrial
«< Engineering Chemistry

The important field of Industrial and Engineering Chemistry
is completely covered by this Journal. The Editor is assisted by
thirty Associate Editors, each one of whom is a recognized leader in
the particular line of] chemical industry which he is selected to
represent.

Manufacturers of Machinery, Equipment and Supplies used in
Chemical operations are invited to avail themselves of the great
publicity possibilities of the advertising pages of the “Journal of
Industrial and Engineering Chemistry.” Its great circulation in this
special field, combined with its standing as an official organ of the
American Chemical Society, ensures to the advertiser the greatest
possible degree of effective publicity. :

For information concerning advertising rates address The American Chem-

ical Society, 42 West 39th Street, New York.




CLASSIFIED ADVERTISEMENTS

' WANTED

WANTED: An assistant chemist interested in and
qualified for the analysis of oils, etc., used in the paint
industry. Address “W. T.,” care Journal of Industrial
and Engineering Chemistry, Easton, Pa., giving ex=
perience, references, etc. 27-4-12

WANTED —to get in touch with an experi=
enced analytical chemist, who would consider
opening a testing laboratory in' a city in the
Middle West. Address “A. X.,” care Journal
of Industrial and Engineering Chemistry,
Easton, Pa. 57-4-12

MISCELLANEOUS

RESEARCH LABORATORY equipped especially for
study of problems in Rotary Furnace Practice. Mechan=
ical equipment includes 2/ x 20/ rotary cement kiln,
crushing, grinding, and screening machinery, etc. Com=
plete chemical laboratory with accommodations for
private investigation. Open for limited engagements, at
favorable terms. Address ‘R. F. P.,”’ care Journal of
Industrial and Engineering Chemistry, Easton, Pa.

33-4-12

Harvard University Students’
Employment Office
has registered for summer employment men wanting work in
chemical laboratories The men are students of chemistry
and can be highly recommended. Availablefrom June 20
to the last of September. Address communications-to the
?Iccretary for Employment, 9 University Hall, Cambridge,
ass. :

LABORATORIES.
Two large and one small laboratory, also
an office to let in the Chemists’ Building,
50 East 41st Street, New York.

SITUATIONS: WANTED

Free advertisements for members in good standing who are
seeking employment are limited to a space of one and one-quarter
inches (70 words) and to two consecutive insertions. Extra in-
sertions and extra space at regular rates.

Replies to advertisements sent ‘‘care The Journal of Industrial
and Engineering Chemistry” should be directed to the publication
office, Easton, Pa.

GRADUATE CHEMIST, aged 26, thoroughly skilled and
experienced in general analytical work, de ires change. Place
in or near Philadelphia, Pa., preferred. Address ‘“‘Analyst,”
care Journal of Industrial and Engineering Chemistry, Easton,
Pa. 56-5-12

CHEMIST, with best technical training in a leading eastern
university and two years’ experience in petroleum refinery
of one of the large companies, desires to change present
position. Understands works operations. Excellent refer-
ences can be furnished. Address “S. F. C.,”” care Journal
of Industrial and Engineering Chemistry, Easton, Pa.

43-5-12

CHEMIST, experienced in manufacture of full line of
varnishes, japans, enamels, and several self-selling specialties,
would make connection with good concern. Has own
laboratory and will match samples, furnish formulas, make
analysis and test raw material. = Moderate remuneration
acceptable. Excellent references furnished. Address “Oils,”
care Journal of Industrial and
Easton, Pa.

42-5-12

Engineering Chemistry, .

CHEMIST, College graduate ’05, experienced in
cement laboratories and all work connected therewith,
also in iron and steel analysis, desires to connect with
good company. Excellent references. Address *‘W.
D.,”” care Journal of Industrial and Engineering Chem=
istry, Easton, Pa. 48-5-12

POSITION wanted by graduate, B.A., of a large Eastern
university. =~ Experienced in the assaying, refining, and re-
covery of silver, gold, platinum and indium; also in the
analysis of steels and {fertilizers. Excellent references.
Address “H. H.,” care Journal of Industrial and Engineer-
ing Chemistry, Kaston, Pa. 61-5-12

WANTED, position by young man graduating in June
from chemistry department of a large university. Location
immaterial. Address “A. E.,” care Journal of Industrial
and Engineering Chemistry, Easton, Pa. 62-5-12

A theoretically educated chemist with practical experience
wishes to change his present position. Replies should be
directed to F. Hofer, P. O. Box 665, Prince Albert, Sask.,
Canada. 63-5-12

FERMENTOLOGIST and food chemist desires a change of
position. Seven years chief chemist of a large distillery, and
for three years superintendent and distiller. Highest
references. Address “J. X. S.,” care Journal of Industrial
and Engineering Chemistry, Easton, Pa. 47-5-12

RESEARCH CHEMIST, B.S., M.S., age 23, with three
years’ experience in research work in pure organic chemistry,
desires a similar position in the industrial field. Position in
the East preferred. XKnowledge of French and German.
Salary expected, $1200. Open to engagement June 1st.
Address “F. P. G.,”” care Journal of Industrial and Engineer-
ing Chemistry, Easton, Pa. 46-5-12

INSTRUCTORSHIP or position of similar grade in
organic chemistry wanted by Ph.D. (’1r1, leading Eastern
University), - beginning with academic year 1912-’13. At
present studying abroad. For further information regarding
previous teaching experience, references, ete., apply to
“Alicyclic,” care Journal of Industrial and Engineering
Chemistry, Easton, Pa. 45-5-12

CHEMIST, B.S., at present employed in metallurgical
laboratory, desires a change of employment. - One year’s ex-
perience in irom, steel, brass, and f{erro-alloy analysis.
Broad, theoretical training in all branches of chemistry. Will
accept position at moderate salary where ability and con-
scientious work will merit advancement. FExcellent refer-
ences. Address “W.L.,” care Journal of Industrial and
Engineering Chemistry, Easton, Pa. 50-5-12

FIRST-CLASS CHEMICAL ENGINEER, college gradu-
ate. Open for engagement about June first. At present
employed. Eight years head chemist in cement factory.
One year as head chemist in beet sugar house. One year as
head chemist in sugar cane house. Familiar with machinery
in both cement and sugar houses. German and Spanish
spoken. Address “X.” care Journal of Industrial and
Engineering Chemistry, Easton, Pa. 51-5-12

ANALYTICAL CHEMIST, Tufts ’12, thorough
knowledge of General Analytical Chemistry and
Sanitary Water Analysis, desires position with
some Manufacturing concern or Water In=
spection Laboratory, where conscientious work
and ability will meet appreciation. Salary,
moderate to start. Address “R. H. B.,” 29 Capen
St., Tufts College, Mass. 49-5-12




CHEMIST AND METALLURGIST with practical knowl-
edge of metallography. Ph.D. University of Wisconsin.
Experienced in Textile, Inorganic, Alloys and Amnalytical
work. Two years’ experience on factory research problems.
Reads French and German. Strong personality and ex-
ccutive ability. At present employed in inorganic research.
Desires to connect with company operating along chemical
lines in Southern states, Mexico, Central or South America.
Can furnish best of references. Address “B. J.,”” care
Journal of Industrial and Engineering Chemistry, Easton,
Pa. 44-5-12

CHEMIST, with wide experience in Sanitary Water
Analysis, Brewing, Fermentation, and Technical Chemistry,
at present instructor in quantitative and of water analysis
in an eastern college, desires to hear of. position in either
teaching or technical work. Address ‘“W. E. R.,”” care
Journal of Industrial and Engineering Chemistry, Easton,
P 55-5-12

CHEMIST and bacteriologist open for engagement—teach-
ing or practical work. ILaboratory and practical experience
in vinegar, cider, jams, preserves, catsups, canning, etc.
Have also taught at college. Address “Pure Foods,” care
Journal of Industrial and Engineering Chemistry, Easton,
Pa. 54-5-12

CHEMIST, University Graduate, Ph.B., formerly with
large manufacturing concern, experienced in general investi-
gation and testing -of commercial products, organic and in-
.organic—paints, oils, lubricants, glass, clayware, assaying
and technical analysis—seeks position in New York or
vicinity. Moderate salary and excellent references. Ad-
dress “F.S.H.,” care Journal of Industrial and Engineer-
ing Chemistry, Easton, Pa. 53-5-12

WANTED, by student in leading Eastern university, a
position in a chemical laboratory, beginning June, 1912.
Has had a thorough training in analytical chemistry. Has
experience in analyzing ores of all common metals, limestone,
rock, coal and gas. References furnished. Address “D. J. B.,”
care Journal of Industrial and Engineering Chemistry,
Easton, Pa. 52-5-12

CHEMICAL ENGINEER, who will graduate in June with
degree of B.S. from a leading technical school, desires position
offering opportunity for advancement. Three months’
practical experience in oil and water analysis. Best of
references. Address “‘J. A. H.,” care Journal of Industrial and
Engineering Chemistry, Easton, Pa. 58-5-12

UNIVERSITY INSTRUCTOR, B.S., M.S., Ph.D., desires
summer work, preferably near Chicago, June 15th to Sept.
15th. Has had theoretical, practical and teaching experi-
ence in A. C. and D. C electrical precision measurements,
high temperature installation and measurements, thermal
analysis of alloys, steels, etc. and photomicrography. Address
“E. B.,” care Journal of Industrial and Engineering
Chemistry, Easton, Pa.

59-5-12
Ph.C. Mass. College of Pharmacy, '09, desires a
change. At present and for the past year and a half with

a large dairy company as chemist and bacteriologist.
Would prefer position as assistant in bacteriological,
hygiene or board of health laboratory, preferably the first.
Willing to start on moderate salary, provided there is an
opportunity to learn and advance, Address *T O.L.”
care Journal of Industrial and Engineering Chemistry.
Easton, Pa. , 60-5-12

. CHEMIST, with 19 years’ experience in university teach-
ing, technical work, also general analytical work, seeks a
good position. Am at present employed but have excellent
reasons for desiring a change. Address “Chemist A,” care
Journal of Industrial and Engineering Chemistry, Easton,
Pa. 31-4-12

-employment.

CHEMIST, pharmaceutical, graduate of German Univer-
sity, desires to change position. Long, practical experience
in food, water, pharmaceutical and . general . analysis.
Familiar with clinical and bacteriological work. Expert in
the analysis of toilet preparations, working out of new and
original ideas. Can assist pharmaceutical concern in the
manufacture of new lines, ampules, artificial baths, etc. At
present and for the past eight years with one of the most
prominent Eastern laboratories. A1 references. Address
“C. B.,”’ care Journal of Industrial and Engineering Chem-
istry, Easton, Pa. 29-4-12

GRADUATE CHEMIST, age 32, having a long experience
in drug and chemical work, desires position offering oppor-
tunity for advancement. Place in or near Baltimore, Md.
At present employed. Address ‘“‘Chemist,”’ care Journal of
Industrial and Engineering Chemistry, Easton, Pa. 25-4-12

CHEMIST, with five years’ experience in miscellaneous
analytical work in a commercial laboratory. Have had
special training in water analysis and bacteriology at
College. Desires a position. Address “L.. E. B.’ care
Journal of Industrial and Engineering Chemistry, Easton,
Pa. 26-4-12

EXPERIENCED YOUNG CHEMIST, with four years’
experience in manufacturing baking powder and extracts,
wishes industrial position where there is opportunity to
advance. Can furnish best of references. Address “L. A.
T.,”” care Journal of Industrial and Engineering Chemistry,
Faston, Pa. 30-4-12

WANTED, by undergraduate student in Eastern technical
school, a position in a chemical laboratory for the months of
June, July and August, 1912. Can furnish best of refer-
ences. Address “S. W., care Journal of Industrial and
Engineering Chemistry, Easton, Pa. 34-4-12

CHEMICAL ENGINEER, B.S., Ph.D., of wide experience,
at present in charge of manufacturing end of large chemical
works, would like to make a change. Address ‘“‘Argon,”
care Journal of Industrial and Engineering Chemistry,
Easton, Pa. 35-4-12

UNIVERSITY position desired by graduate of Wisconsin,
B. S. Engr., M.S., Ph.D,, in a reputable science and engineer-
ing college desiring to introduce course in applied electro-
chemistry and chemical engineering. Have had six years
of university teaching experience in all phases of chemistry,
pure and applied chemical research work, laboratory con-
struction, etc.' Address “Professor,” care Journal of Indus-
trial and Engineering Chemistry, Easton, Pa. 36-4-12

CHEMIST, PhD., Yale, at present employed in connec-
tion with a metallurgical enterprise, desires a change of
Combines a broad theoretical training in all
branches of chemistry with practical experience in analysis
and metallurgy Thoroughly capable.of handling research
work in any line or of running a laboratory. Address ““S.
H.,” care Journal of Industrial and Engineering Chemistry,
Easton, Pa. 37-4-12

ASSISTANT CHEMIST in industrial laboratory desires to
change within Philadelphia, for advancement. Graduate;
over six years’ experience in steel works laboratories and
industrial laboratory; and experienced in iron and steel;
familiar with ferro-alloys, alloys, coal and lubricants. A
position either as head or assistant in an industrial labo-
ratory preferred. Address “M. S. G.,”” care Journal of
Industrial and Engineering Chemistry, Easton, Pa. 38-4-12

RESEARCH CHEMIST, age 25, graduate from Technical
School of Germany, D.S. (Doktor-Ingenieur), specializing in
physical chemistry, electrochemistry, physics, desires position
in electrochemical works or research laboratories in ‘U. S.
Ambitious, energetic, Frenchman. Speaks English, French,
German, Hungarian, Servian. Good references. Address
Dr. M. G., poste-restante (Hauptpost-lagernd), Aix-la-
Chapelle, Germany. - 28-4-12

GRADUATE of Massachusetts Institute of Technology
and Johns Hopkins University, at present assistant professor
of organic and physiological chemistry and toxicology,
desires to hear of position for teaching. Medical school
preferred ; experienced as teacher and in Clinical examina-
tions, and with wide experience in sanitary chemistry and
biology Address “H. S. F.,”” care Journal of Industrial and
Engineering Chemistry, Easton, Pa. 39-4-12




Important Van Nostrand Books |

IN TWO

Vor. II {Psrts} NOW READY

TO BE COMPLETE IN THREE VOLUMES
1,294 Pages 6X x 9% 149 [llustralions Net $18.00

TECHNICAL METHODS

OF

CHEMICAL ANALYSIS

EpITED BY GEORGE LUNGE, PH.D., DR. ING.
Emeritus Professor of Technical Chemistry, Federal
Polytechnic School, Zurich

ENGLISH TRANSLATION

From the latest German Edition, adapted to English
Conditions of Manufacture

EDITED BY

CHARLES ALEXANDER KEANE, D.Sc., PH.D.
Principal and Head of the Chemistry Department. The Sir
John Cass Technical Institute, Iondon.

CONTENTS OF VOLUME II

IRON: P. AvricH, Ph.D., Duisberg; English translation
revised by WESLEY J. LAMBERT. METALS OTHER
THAN IRON, AND METALLIC SALTS: Prof. O.
PuraHL, Berlin; English translation revised by C.O.
BANNISTER, A.R.S.M. ARTIFICIAL MANURES: The
Late Prof. O. BoTTCHER, Mockern; English translation
revised by ALFRED SMETHAM. FEEDING STUFES:
F. BARNSTEIN, Ph.D., Mockern; English translation re-
vised by ALFRED SMETHAM. EXPLOSIVES: The Late
O. GUurTMANN; English translation revised by the Author.
MATCHES AND FIREWORKS: A. BujArD, Ph.D.,
Stuttgart; English translation revised by E. G. CLAYTON.
CALCIUM CARBIDE AND ‘ACETYLENE: Prof. G.
LUNGE and E. BERL, Ph.D.; English translation revised
by J. T. CoNroY, Ph.D., B.Sc. ILLUMINATING GAS
AND AMMONIA: O. PFEIFFER, Ph.D., :Magdeburg;
English translation revised by H.G. Corman, M.Sc.,
Ph.D. COAL TAR: H. KGHLER, Ph.D., Berlin; English
translation revised by Prof. A. G. GREEN, M.Sc. OR-
GA_NIC DYES: Prof. R. GNEHM, Zurich; English trans-
lation revised by J. C Cain, D.Sc., Ph.D.

VOLUME I — IN Two PARTS — READY
1,027 Pages 201 lllustrations Net $15.00
VOLUME III — IN ACTIVE PREPARATION

Dr. LUNGE’S
OTHER WORKS

Coal Tar and Ammonia

Fourth Edition. Two Volumes. Not sold separately
1,200 Pages. 8vo, Cloth. 305 [llustrations. Net $15.00

Sulphuric Acid ‘and Alkali

To be completed in Four Volumes. Three now ready.

Volume I. Sulphuric Acid

1,225 Pages. 8vo, Cloth. 500 Illustrations. Net $15.00

Volume II. Sulphate of Soda, Hydrochloric
Acid, Leblanc Soda

1,024 Pages. 8vo, Cloth. 335 Illustrations.

Volume III. Ammonia=Soda, Various Pro=
cesses of Alkali Making and the
Chlorine Industry

Third Edition. Much Enlarged.—Just Out.
784 Pages. 8vo, Cloth. Illustrated. Net $10.00

CONTENTS: THE AMMONIA-SODA PROCESS, HIs-
TORICAL AND GENERAL: The Ammoniacal Solution of
Salt. Production of Carbonic Acid for the Aminonia-
Soda Process. Precipitation of Sodium Bicarbonate by
the Carbonating Process. Filtering, Drying and Calcin-
ing the Bicarbonate. Recovery of the Ammonia. Com-
bination of the Apparatus, Final Products, Costs,
Statistics. Other Forms of the Ammonia-Soda Process.
Manufacture of Commercial Bicarbonate by the Am-
monia-Soda Process. VARIOUS PROCESSES OF THE
ALRALI MANUFACTURE: Manufacture of Soda from
Cryolite; Directly from Sodium Chloride; from Sodium
Sulphate without Previous Reductions to Sulphide;
from Sodium Sulphate, after Reduction to Sulphide;
from Nitrate of Soda*and Feldspar. THE CHLORINE
INDUSTRY: General Notes on Chlorine. Manufacture
of Chlorine by Manganese Ore. Utilization of Still-
Liquor. Original Weldon Process. The Deacon Pro-
cess. Other Processes for the Manufacture of Chlorine.
Properties and Behavior of the Hypochlorites and of
Bleaching-Powder. Manufacture of Bleaching-Powder.
Bleach-Liquors and Other Bleaching Compounds. The
Chlorates. Appendix of Statistical Data.

TEecuNicaL Cuemists’ HaNDBOOK
283 Pages. Net $3.50

Net $15.00

12mo, Leather.

NITROCELLULOSE INDUSTRY

Powder and the Explosive Cellulose Nitrates.

TWO VOLUMES 1239 Pages

324 Illustrations

2 A Compendium of ttle History, Occurrence, Manufacture, Properties, Industrial Applications and Analysis of {the
Nitrates, Acetates and Xanthates of Cellulose as applied to the Peaceful Arts. With a chapter on Guncotton, Smokeless

By EDWARD C. WORDEN

6% x 9k 3 Plates Net $10.00

LZS Park Place :

D. VAN NOSTRAND COMPANY rusvisces

: NEW YORK




PROFESSIONAL DIRECTORY [

The Columbus Laboratories AHlcan Kirsch, Ph.D.

Chicago, Illinois @hemical Engineer Gonsulting Ghemist
Departments Industrial processes investigated and developed.
: i 50 EAST 41ST STREET, NEW YORK.
Medical Food Commercial 2
Milling and Baking
Expert Staff of Court and Medico-Legal R. L' EMERSON
Consultants Work
3-12 CONSULTING AND ANALYTICALCHEMIST
FOOD AND TOXICOLOGICAL EXAMINATIONS
INVESTIGATION RESEARCH

739 BOYLSTON STREET, BOSTON, MASS.

€. L. Parker, M.S.

Samuel P. Sadtler & Son

SOLICITOR OF CHEMICAL PATENTS Consulting and Analytical Chemist

Analyses and reports made in all branches of Industrial
B Chemistry.

Expert assistance in the Development of Chemical Pro-
cesses and Patents, and Preparation of Testi-
mony in Chemical Patent Suits.
WASHINGTON, D. C. 2-12 Philadelphia, Pa.

SUITE 6 McGILL BUILDING

WILLIAM MILLER BOOTH

K. P. McELROY. R, F. STEWARD. Chemist and XEngineer
ecialist i er pl ies— water e
K. P. MCELROY of S,ﬁai’;’f'a’c‘:if‘,!}‘;’f’-i;c’}‘;;‘fn‘gw.?,‘}fil,’.-‘i,,.’Eiﬂ‘éon’f‘di’.’fﬁf’ftj
Ghemical Gbemist and the disposal of waste liquors.
and way, N. Y. . Dillaye Bldg., Syr &l
e Sl 299 Broadway, 712 ye Bldg., Syracuse, N, Y
Patents 2-12 WASHINGTON, D. C.

5. J. Ressler, €bh.E. EDWARD THOMAS

Consulting and Tndustrial €hemist
Completely Eq:;‘zip?{de:‘eaa&g;la{’(\)/i)i:ﬁ. for Analytical c H EM I GAL & P R 0 G ESS PATEN TS

SAINT LOUIS. ek 30 VESEY ST., NEW YORK CITY

BOOKS ON CHEMISTRY

by Wilhelm Segerblom, A.B., Instructor in Chemistry at The Phillips Exeter Academy, Exeter, N. H.

TABLES OF PROPERTIES of over fifteen hundred common inorganic substances. An indispensable reference
book for chemists, manufacturers, and science teachers. Gives common names,.chemical and physical properties,
and solubilities of common chemicals. 8vo, x + 144 pages. Cloth, $3.00 (prepaid).

FIRST YEAR CHEMISTRY, a text in elementary chemistry for secondary schools. Embodies the latest and best
thought relating to the presentation of chemistry to students. 12mo, xxv +-410 pages. Cloth, $1.50 (prepaid).

Complimentary copies are not given, but specimen pages of cither book are sent free on request. .

EXETER BOOK PUBLISHING COMPANY - EXETER, NEW HAMPSHIRE. 12




Bausch Jomb
Ghemical Microscope

Several improvements have been incorporated in this model, giving it
a wider range of usefulness. The distance between the optical center and
the base of the arm is much greater and the range of the coarse adjustment
is increased, a feature of vital importance when working with vertical illu-
minator or low-power objectives. These [improvements have”™ been made
possible by the adoption of our popular handle arm with lever fine adjust-
ment.

~ For prices and specifications see descriptive circular 68 A which will be
sent free on request.

Bausch & [omb Optical (0.

NEW YORK WASHINGTON CHICAGO SAN FRANCISCO

LONDON ROCHESTER.N.Y- FRANKFORT
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TRADE MARK

Look for this Mark on Every

“Universal” Kneading and

Mixing Machine You Buy!

It is a guarantee of the highest degree of efficiency. A wattranty of unfailing
satisfaction in economy and use. A moment justly metited by us and made possible
by 1tts_. {ong list of users throughout the world. Used in evety land and never “found
wanting.” j

A testimonial to out long expetience along the Kneading and Mixing lines.

Our type VI shown here is very rigid—all-atound useful.

Has power tilting arrangement, which is set in action by a foot or hand levet.
Gan be fitted with special atfangement for mixing at fast and medium speeds

‘materials the consistency of which changes during their treatment.

Gatalogue and full information upon request—and it pays to investigate. Send
yout name to~day.

Werner & Pfleiderer
SAGINAW, MICH.

Branch Offices: Philadelphia—New York

European Houses—CANNSTATT-STUTTGART, BERLIN, COLOGNE, HAMBURG, FRANKFORT, DRESDEN, VIENNA, LONDON,
PETERBOROUGH, PARIS, MILAN, MOSCOW, ZUERICH, HAGUE. :
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High Efficiency 1n the

Reaymond
Pulverizes
and Air
Separalor

RECORD OF RECORDOF
DISCARDED RAY MOND
MILLS MILLS
Mills in OPErATION cvvrrvvrvrvevvevvres overes 6 2
Fineness of Coal (through 100
IMBOh)) Lo vrvreevrevovrvrrrvirve evrrees 85% 96 %
N1 Tk s T R G G S 2 1
Hours of each shift... 12 12 1|
Total hours per day. 24 12 i
Ve BIDIDTBU S v v esrevervs 6 2
Power regquired: One shift
Two shifts of 160 H.P..covve..... 320 HP 160 H.P.
Hygienic condition in Unfit for
ErindING TOOM vcrvvvvreevirrrriravain human beings Ideal

Pulverization
of Products

Every [Cement Manufacturer in
will be mterested in ithis

America
record of the coal-grinding efficiency
of two 5-Roller Raymond Mills in =

large Cement Planit.

Some ‘time ago a certain Cement
Plant discarded six new Mills of an-
other make and installed two Ray-
mond 5-Roller Mills to grind <oal.
Here 15 @ record of both in deadly
Parallel:

Advantage of Raymond Mills

Saving Initial cost of 4 mills and their main-
tenance charges.

Saving 12 per cent. in coal due to the greater
fineness.

Doing in one shift what reguires 2'by the
Discarded Mills.

Saving 12 the cost of operation.

Saving ©6 2<3 per cent. of ldbor expense (4
‘men each day ).

Saves % the cost of power.

The men mow ke to work in the grinding
room ‘and consider the work a snap

The features of the Raymond System which are exclusive with it are the gredter degree of fimeness of ‘the
ground material and the automatic method of instantly separating ‘the pulverized product from ithe mill and ‘the
conveying of it to the point desired. Al ‘this is done while the mill is in ‘operation.

Send for our Book “M," which explains in detail what our system is amd how and ‘where it may 'be wsed.

Raymond Pulverizing Systems are designed by our Engi-
neering Specialists who fit them to conditions ‘existing in your
plant. 'lPhcy are installed with ‘our absolute guarantee ‘that
they will do ‘the service we claim and that you require, or 'the
sale 1s ‘not made.

Raymond Bros. 'Impac't Pulverizer Go.

1510 West Harrison St. Chicayo, TIl.

PLEASECUT THIS DUT
REMINDER

To write Raymond Bros. Impact
Pulverizer Co., 1510 "Wt
Harrison St., Chicago, ‘for itheir
Book ‘M "on Modem Methods of

Pulverization and Air Separation.

(1a)




| A FEW SNAP

Blowing Thermometers =~ - i . Engraving A Speca

Scientific Glass Blowing

Ifit’s not a stock article we make it

In addition to our immense stock we operate a complete
glassblowing department, employ expert glass blowers, en-

W . gravers and grinders. We make most precise thermometers, A
,‘I‘! hydrometers and volumetric apparatus, also chemical ap- A 3
O/ paratus of most intricate design. /)
Scientific Materials Company
Pittsburgh, Pa.
Laboraiory supplies is not simply a branch of our business bul our sole business
We are first source of supply “

A FEW SNAP SHOTS IN OUR GLASS BLOWING DEPARTMENT

K&_ . -)/
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EVAPORATORS

OF ANY SIZE FOR ANY SERVICE

N

|| Customers have found our policy of building expressly to suit their conditions to be

far more satisfactory and more profitable to them than is the all too frequent policy of dis-
regarding conditions in order to sell an unsuitable type of apparatus. Our method of
operation is made possible by having radically different types of evaporator comnstruction
from which to choose. Whatever the conditions—be they incrustation or crystallization,
foaming liquor, extreme viscosity, high concentration necessary, or acid condition of
liquor—we can provide the proper apparatus.

Note the wide variety of solutions handled successfully:

Black Liquor Steepwater Acetates
Copperas Glucose Aluminates
Distillery Slop Glycerine ; Caustic Soda
Glue Licorice Caustic Potash
Garbage Tankwater Milk Whey Carbonates
Packers’ Tankwater Sugar Juice : Chlorates
: _ Chlorides
Chromates
, Nitrates
" Phosphates
Silicates
Sulphates
Sulphides

Acetic Acid

Phosphoric Acid
Electrolytic Solutions
Water Distillation
By-products and Waste

A Zaremba Patent Triple Effect quuors Of 3.11 Klnds

Do you wish to learn
How to Economize in Cost of Operation?
Send for our Catalogue B.
ZARENBACCO: | Te e

New York Office: 708 Singer Annex.

{




EVAPORATORS OF ALL TYPES

Varying Construction

Over 600 Installations

LET US FURNISH YOU LIST OF CUSTOMERS IN ANY Over 20 Years’ Experience

OF THE FOLLOWING INDUSTRIES:

CHEMICAL MANUFACTURIN G
SUGAR OR GLUCOSE

PAPER, PULP, LIQUORS
PACKINGHOUSE PRODUCTS
GLUE OR GELATINE
GLYCERINE, ETC., ETC.

L L anl =olhfd

TYPE OF COMPLETE EVAPORATING PLANT RECENTLY

DESIGNED AND NOW IN SUCCESSFUL OPERATION.
WHEREVER THERE HAS BEEN AN INSTALLATION OF THE SWENSON
EVAPORATOR AND WHERE INCREASED PRODUCTION AND EX-
PANSION HAS NECESSITATED NEW INSTALLATIONS AND LARGER

EQUIPMENT ANOTHER DUPLICATE OR SIMILAR DESIGNS HAVE
BEEN INSTALLED BY US.

BULLETIN 9 UPON REQUEST.

WENSUNEIAPURATDRE
[:HI CAGO.

Suite: 945 Monadnock Block, Works: Harvey, Ill.

*




Founded 1818

Powers—Weightman-RQSengarten Co.

Manafacturing Ohemist

NEW YORK PHILADEILPHIA ST. LOUIS

e

A Full Line of Chemicals
Of Standard Purity and Excellence

Complete List on Request

S s

Supplied by Dealers throughout the United States.




