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EDITORIALS
T H E PU R IFICA TIO N  AND SOFTENING OF W A T E R  B Y  

PE R M U TIT E .

The advantages to be gained b y  the use of soft 
water in steam raising and for m any m anufacturing 
operations are now generally recognized. It  is also 
conceded th at the presence of iron in w ater for dyeing, 
printing, bleaching works and paper factories, is 
very  undesirable. In brewing, too, w ater containing 
much iron is objectionable. Therefore, the applica
tion of the product “ Perm utite,”  an artificial zeolite, 
3Si0 2.A ljO j(K ,O .N ajO .Ca0).6Ii;,0 , for the* purpose 
of rem oving certain constituents from w ater and 
softening it, is of great interest to the chem ist and 
engineer.

The Perm utit-Filter Co., of Berlin, was organized in 
1909 for the purpose of exploiting the above-mentioned 
artificial zeolite under the trade name “ Perm utite” 
(see Appelius, Chem. Rev. Fetl-Harz. Ind., i909t p. 300). 
This com pany devised also a procesé for softening water 
and for relieving it of iron and manganese (English 
Patent 26,074, Nov. 9, 1910). A  number of other for
eign companies are now being organized for developing 
these methods of water treatm ent. The “ P erm utite” 
process has been operated on a commercial scale at 
Glogau for the rem oval of manganese from water.

R. Gans {Mitt. aus. d. Koenigl. Prufungsanst. f. IVas- 
serversorgung u. Abwasserbeseitigimg 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, b u t also for iron, manganese, lead, silver, 
and presum ably for all metals. He pointed out th at a 
filter of such m aterial could be regenerated after use 
b y  washing with alkali salts, b y  which the metals 
separated from the w ater were redissolved. Accord
ing to Gans, b y  fusing aluminum silicates w ith sodium 
carbonate and sufficient quartz to decompose all the 
carbonate, aluminate-silicates containing 12-15 per 
cent. N a20  are obtained which are excellent filtering 
media. He stated th at 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 b y  Gans, well w ater which rapidly 
became turbid in the air, owing to the separation of 
iron, was filtered through a 10 cm. layer of calcium  
alumínate, the w ater level falling 10 cm. per hour. 
The whole of the iron was removed from the water 
b y  the filter, from which it was afterwards dissolved 
b y  washing with sodium chloride solution.

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

sessing a hardness of 20 degrees (German), all salts 
capable of form in g. boiler incrustation. Gans re
ported (Chem. Ztg., 31, 355) that manganese could be 
separated from w ater b y  filtration through a layer of 
granular aluminum silicate, prepared b y  fusing clay 
with an alkali carbonate, and adding to the fused mass 
sufficient quartz to combine with alm ost the whole of 
the alkali. A fter extracting the mass w ith water, the 
silicate was obtained in a granular or flaky form. R e
generation of foul filtering layers was found to be accom 
plished b y  washing w ith calcium  chloride or calcium- 
sodium chloride solution. Gans also reported that h y 
drated silicates, both natural and artificial, were capable 
of withdrawing the bases from alkaline and neutral salt 
solutions, and th at potash and soda might be eliminated 
from sugar juice b y  means of aluminun silicate (Z . 
Ver. Dent. Zuckerind., 1907, p. 206). In German Paten t 
174,097, of January 12, 1905, 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 
P atent 374,525, February x i, 1907, of the J. D. Riedel 
A .-G .; and United States P atent 943,535, December 4, 
1909, of R. Gans, for the m anufacture of hydrated 
aluminum silicates).

In a patent issued to Gans in 1907 (English Patent 
8232, April 9, 1907) the claim is made for the m anufac
ture of hydrated alumino-silicates, or artificial zeolites. 
A bout this tim e Gans gave further evidence of the use
fulness of aluminum silicates for im proving w ater sup
plies (/. Gasbeleucht., 50, 1026); he pointed out that 
iron and manganese were rem oved com pletely b y  pass
ing the w ater through a filter composed of calcium- 
aluminum silicate; th at a hard w ater could be softened 
b y  filtration through sodium-aluminum silicate, the la t
ter m aterial also serving to remove any iron, manganese 
and ammonia which m ight be present in the w ater; and 
recommended th at in supplies where the hardness was 
due principally to calcium sulphate, the w ater be passed 
successively through layers consisting of strontium- 
alum inum  silicate and calcium-aluminum silicate.

In 1908, Luhrig and Becker (Chem. Ztg., 32, 514, 
531) conducted experiments on the efficiency of the 
“ Gans m ethod” for rem oving manganese sulphate from 
w ater b y  means of natural or artificial zeolites. T hey 
found th at similar results were obtained with the n at
ural and artificial substances, but th at the latter were 
more active; th at a given quantity  of manganese sul
phate was most effectively removed from dilute solution 
m ade to filter slowly through a bed of the silicate; 
th at the presence of the salts of other bases in solu
tion was unfavorable to the absorption of manganese; 
and th at b y  subsequent treatm ent of the silicate 
w ith solutions of salts such as ammonium chloride, 
in order to rev iv ify  it, the whole of the absorbed 
manganese was not removed, but was found to be 
present p artly  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 P aten t 405,990, Ju ly 17, 1909; 
English Paten t 21,184, Sept. 16, 1909; and U. S. Paten t 
951,641, March 8, 1910) contain claims for a process for 
rem oving iron and micro-organisms from water. I t  is 
stated that the process consists in treating the w ater 
w ith insoluble higher oxides of manganese w ith 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 w ith a solution of a man- 
ganous salt, a manganese zeolite is formed, which, on 
treatm ent w ith 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 {Chan. Ind., 32, 
197), 450 kg. of calcium-zeolite w erefound to be changed, 
b y  washing w ith manganous chloride solution, to man- 
ganese-zeolite; treatm ent with a calcium  manganate 
solution converted the latter into calcium -zeolite again. 
On filtering the w ater to be treated through this ma
terial, the iron is said to be rapidly oxidized and re
moved, and the bacteria and organic m atter destroyed; 
an y manganese present in the w ater is also said to be 
removed. In later patents to the same parties (French 
Patent 409,006, N ov. 13, 1909; English Patent 26,842, 
Nov. 18, 1909; and U. S. Patent 960,887, June 7, 1910), 
the w ater to be softened is treated w ith 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.

W hen a w ater containing manganese salts in solution 
is passed through a filtering bed composed of a zeolite 
impregn'ated w ith higher oxides of manganese the m an
ganese is separated in the form of a mud. It  was found 
in practice as early as 1907 th at if this mud was not re
m oved from the filter, it eventually formed small porous 
particles which did not interfere with the filtering ca
p acity  of the bed, but, in fact, increased its efficacy with 
regard to the rem oval of m anganese‘from w ater (see 
German Patent 220,609, Oct. 28, 1908, of the J. D. 
Riedel A .-G ). However, when revivification was 
attem pted— i. e., on the bed containing manganese 
mud— the manganese retained was found to be an ob
struction to rapid filtration.

N atural stones, such as trass, phonolite, porphyry, 
leucite, trachyte, sodalite, and mica, are also em ployed 
in m aking filters through which the w ater to be treated 
is passed. These minerals are used either directly, 
if th ey  have been hydrated  naturally, or after they 
have been treated w ith steam  under pressure; but 
we are not aware of their application in the place of 
artificial zeolite.

Tw o investigations have recently been published on 
“ Perm utite.”  Anders (Woch. f. Bran., 28, 78) con
ducted laboratory experim ents w ith the product for the 
softening of water. His results showed that “ Perm u
tite ” is applicable for the softening of feed-waters, but 
not for mash-waters because it takes up sodium salts. 
He found that a "P erm u tite”  filter m ay be com pletely 
regenerated b y  the use of a sodium chloride solution.

K olb (Client. Ztg., 35, 1393, 1410) also investigated the 
application of “ P erm utite” to the softening, as well as 
thepurification, of water. He made experiments, both b y  
shaking and b y  filtration, as to the interchange occurring 
between “ Perm utite”  and the chlorides of calcium, 
magnesium, and potassium, and found th at the soda of 
the “ Perm utite”  was replaced b y  the bases of the salts 
added in m olecular proportions. He also ascertained 
th at the "P e rm u tite ”  could be regenerated b y  treat
ing the used substance w ith sodium chloride, and 
th at iron and manganese, as well as the alkaline 
earth metals, could be removed from solution. K olb  
stated that with a filter formed of “ P erm u tite ,”  
com plete softening of w ater could be effected, b u t the 
w ater must not contain acid or suspended m atter. 
In the case of a m uddy water, in addition to block
ing the pores of the filter, the mud coated the grains 
of the filtering m aterial with inert m atter and pre
vented the desired chemical reactions. K olb  con
sidered the regeneration of the “ P erm utite”  b y  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 w ater in sodium 
salts is not detrim ental to boiler-feed water.

It  would seem th at “ Perm utite,”  to be of value for 
technical uses, m ust be of a granular or leafy, easily 
porous character, such as is obtained b y  m elting to
gether the constituents in definite proportions. The 
amount of clay is calculated .according to the amount 
of bases. Gans considers th at the composition of an 
ideal zeolite, 2SiOj.Al2O3.NajO.6H3O, should be ap
proached. W. A. H a m o r .

TH E  PA IN T AND VARN ISH  IN D U STRY OF T H E  UNITED 
STATES.

Up to ten years ago this industry was more or less 
in an empirical state. Even the m anufacture of dry 
colors, such as chrome yellow, Prussian blue, chrome 
green, etc., which are purely chemical colors— and 
the reaction can be figured out m olecularly— was 
carried on b y  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 som ewhat chaotic state, 
but a few men came to the realization th at white 
lead was not the only pigment, and linseed oil and 
turpentine not the only vehicles which could be used. 
The m ixed 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.

W ith the co-operation of the D epartm ent of A gri
culture, such vehicles as soya bean and china wood 
oils are receiving marked attention. China wood 
oil is to-day such a necessity th at 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 m anufacturer m ust have it at any price.

The shortage in the crop of flaxseed has not produced 
that tremendous m arket disturbance which was 
feared two years ago, for m any prominent chemists 
have published methods for the use of Menhaden 
fish oil. which in m any 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 N avy  decided 
that for its work a good turpentine substitute made 
from petroleum would answer its requirements, 
and the governm ent is now using thousands of gallons 
of turpentine substitute for which it pays from tw elve 
to fifteen cents per gallon. As the N avy  purchased 
in 1910 about S7o,ooo.oo 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 abnorm ally 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 th at 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 
n avy 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 form erly used. The 
results showed th at the zinc oxide and barium sulphate 
paint dried w ith a harder film and was not affected

C A R B O N  B R U SH E S.
B y  W .  R .  W h i t n e y .

R eceived Jan u a ry  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 th at while there have been very m any 
improvements in all sorts of electrical apparatus 
during the past tw en ty years, there has not been 
a corresponding improvement in the quality of brashes, 
a t least in this country. I t  is a peculiar commercial 
or m anufacturing condition which all engineers will 
recognize when their attention is called to it— th at 
an electrical m anufacturing com pany usually puts 
upon its motors and generators all the legitim ate 
accessories of its own m ake which are possible, ex
cepting the brushes, and forces the users to purchase 
brushes from companies not necessarily in v e ry  close 
touch with electrical requirements.

If the brash was as simple an article of m anufacture 
as the lag screw w ith 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

b y  salt water as much as the lead paint form erly used.
A  similar condition of affairs has developed in the 

maintenance departm ents of the large railroads of 
the United States, and they have come to realize 
th at no single pigment is as good as a m ixture of 
pigments, and no single pigm ent is as good as a pig
ment which contains a reinforcing m aterial in limited 
amounts.

The trend of opinion among paint manufacturers, 
seems to be th at they are more inclined to talk  freely 
than they have been heretofore. Tw enty-five years 
ago a paint m anufacturer regarded a form ula which 
he had as a valuable secret, but chemists who have 
made a specialty of the analyses of paints and their 
syntheses have shown th at the average pigment 
m ixed with oil, dryer and a volatile thinner is not 
a difficult m ixture to analyze, and m any of the secrets 
of the ignorant paint m anufacturers have been ex
posed for their own benefit. Instead of having 
w hat th ey thought were valuable secrets, they had 
in m any instances only mediocre formulas, which 
they im proved when they saw w hat their com petitors 
were doing.

Paint is so largely an engineering m aterial th at 
a knowledge of its composition is not to be treated 
lightly, and m ust 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 th at the wall paper m anufacturers in 
England are now going into the m anufacture of interior 
w all paints because people w ant washable walls in 
preference to those which harbor filth and germs.

M a x i m i l i a n  T o c h .

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

E ve ry  electrical machine is carefully designed in 
detail as to size and shape of copper, iron and insula
tion, all of which vary  w ith each machine, but as 
y e t the im portant characteristics of a brush are not 
included in the design, although some one grade of 
brash is expected to operate satisfactorily over a great 
range of design. A s long as this unfortunate condi
tion exists, the best th at can be hoped for is a brush 
which will do fairly  well for a large number of machines, 
v ery  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 brash.

The careful investigation now in progress leads 
us to hope that the various characteristics of carbon

ORIGINAL PAPERS
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brushes will soon be sufficiently understood, so th at 
before long the designers of dynam os 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 th at general size and 
character.

A pparently the carbon brush was first made from 
such stock as is used for arc lamp .electrodes and dry 
cell carbons. I t  was mixed, molded and baked in 
practically the same w ay, and the prices fixed on that 
basis. W e have experimented w ith the understanding 
th at a product m ight be producible which could bear 
a ten-fold greater cost of production than ordinary 
carbon brushes, and it is probable th at our present 
methods are not far from this condition.

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

Our first experim ents were taken up along the line 
of previous methods of m anufacture and attem pts 
were made to get at some sort of life tests and standards 
of comparison. W e tried to learn w hat a good brush 
had to do and how long it m ight be expected to do 
it. In lamp m anufacture the testing is an art b y  it
self. An incandescent lamp is made to bum  a certain 
tim e at a prefixed efficiency. W e questioned whether 
a carbon m otor brush could be subm itted to similar 
life and quality  tests. W e recognized the importance 
of learning, if possible, w hat physical properties or 
constants for brushes would help in determining 
quality  for electrical uses. The art is undeveloped, 
so that there is no considerable agreem ent between 
engineers even on im portant points. For example, 
it would be made clear b y  one engineer th at a brush 
m ust be much softer than copper, so as not to wear 
aw ay the com m utator, and must not contain any 
hard spots because these m ight take up m etal from the 
com mutator. A gainst this was the equally powerful 
argum ent th at the brush m ust 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 experim entally 
introduced into brush material. T h at the contact 
resistance should be relatively  high and the body 
resistance low, were also practical suggestions. In 
order to operate system atically, we attem pted to choose 
properties or tests to which numerical values could 
be attached. I t  was not assumed that all or even 
any of these factors could be interpreted strictly  in

terms of brush quality, b u t some such system  of co
ordinating and com paring experim ental products 
seemed necessary. W e 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 determ ined b y  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 m aterial, the higher will 
be this rebound. In the case of brushes it distinguishes 
qualities over a range of about seven ty units and 
is of considerable value in determining regularity of 
product.

A  brush as made for railw ay motors and containing 
coke, graphite, lam pblack, and binder carbon, if 
properly baked and fired, would have a hardness 
about 50, while if the firing be interrupted a t say 
500° C., its hardness value would be about 20. If 
the coke and lam pblack 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 m aximum hardness. In other words, 
such brushes as find common use on electrical apparatus 
m ay v a ry  in hardness, depending upon the desired 
use, from 15 to 75 units of hardness.

The tensile strength is determined b y  cuttin g 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 
b y  the addition of shot at a definite rate to a pan 
supported b y  the test sample. The strength is ex
pressed in pounds per square inch section.

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

The resistivity is determined b y  measuring the 
voltage drop across contact points i '/ j 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 aw ay, 
due to flaking off of chips from the edges of the bearing 
surface. This would be expected from the nature 
of the im pacts given a brush when it chatters on a 
rough arm ature, revolving at high peripheral speed. 
The chip test we have used consists in a clamp for 
holding the brush firm ly on a solid base or anvil, 
and in a weight guided b y  perpendicular rods, which 
weight falls from a fixed height and strikes the bearing 
face of the brush repeatedly a t the same point, about 
a millimeter from the edge. The num ber of im pacts 
necessary to force off a chip is called the chip test. 
This is quite surprisingly uniform for uniform ly made 
brushes. I t  is usually weighted so th at a brush of 
best quality  will regularly chip after about 10 im pacts
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of the weight when dropping from an increasing height 
in steps of 1 centim eter each.

Additional qualitative tests have resulted from 
comparison of product under different conditions. 
For example, the fracture or appearance of the fresh 
surface produced b y  breaking the brush across its 
longer dimensions discloses very  effectively any ir
regularities produced b y  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. I t  is believed th at 
such internal irregularities represent weakened struc
ture, th at even miniature cracks might take up and 
carry copper from the com m utator and th at breaking 
of a brush in use m ay often be attributed to internal 
cracks produced in the m anufacture. U ndoubtedly 
a rough com m utator or heavy pressure of the spring 
of the brush-holder accounts for the breakage of m any 
brushes in use, but in our tests on operating machines 
these variables are kept under control as much as 
possible.

F ig . 2.

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

The composition of the m ixture 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: lam pblack, 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 w ith the use of the brush. A  brush made 
m ostly of lam pblack alone, w ith suitable binder, 
would be dense and hard, but of poor conductivity, 
and would cut copper badly. One made m ostly 
of graphite is usually too soft and on ungrooved com

m utators, wears aw ay too rapidly. The mica between 
the bars gradually protrudes and cuts the brush. 
Its electrical resistance is v e ry  low. One made 
m ostly of coke is hard and of high resistance. It  
usually cuts the copper badly. The petroleum  coke 
is used because of its uniform ity and freedom from 
mineral m atter. I t  can readily be appreciated that 
for some special purposes it m ay be well to incorporate 
hard polishing m aterial into a brush, as where much 
mica has to be cut and where high con ductiv ity  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 m ight seem th at b y  using the above four forms 
of carbon (for the pitch leaves a fourth form of carbon, 
after the heat treatm ent), a satisfactory product 
could be obtained, and it has become apparent th at 
the qualities m ay be varied over a  wide range b y  
proper variation of m aterial; b u t the requirements are 
continually advancing, so th at all sorts of experiments 
in composition, such as adding sulphur, special oils, 
etc., have been carried out.

I t  m ay be stated as a general rule th at except for 
special conditions, the finer the state of subdivision 
of the brush ingredients, the better the quality  of 
the finished brush. W e have found, after having 
used ball mills, that the Raym ond im pact grinder 
pulverizes coke and sim ilar m aterials very  perfectly. 
W e have found it desirable to grind not only the coke, 
but also the m ixture of all the ingredients, to insure 
thorough m ixing and a dense brush.

The finely divided materials, coke, lam pblack and 
graphite, are placed in a m echanical dough m ixer 
and a solution of the pitch in benzole is added and the 
whole kneaded for several hours. The benzole is 
then driven off b y  heat and the dried product, which 
is quite hard, is reground to about 200-mesh; this 
powder is compressed into brush form, in steel molds.

I t  was first thought that the best w ay  to form  the 
brush was to squirt bars of the m ixture b y  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. Experim ents were 
made in which various proportions of pitch binder 
were used. The tem peratures of the press, mold 
and brush m aterial were carefully controlled; special 
presses were built, etc., b u t irregularities often appeared 
in the product. The tendency of the m aterial to 
flow unequally within itself during the passage through 
the die seemed to  be responsible for cleavage planes 
and internal curved surfaces, which w ould often 
not develop until the brush was com pleted b y  baking 
and even then could be disclosed only b y  breaking 
the brush. W e do not mean to conclude th at a satis
factory brush cannot be made b y  squirting the hot 
m ixture through a die, as the reverse is probably 
true, but for our purposes we finally adopted the 
accurate weighing of the m ixture for each individual 
brush and the compression of this weighed m aterial 
to an exact size in a mold under such a high pressure
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Fig. 5 shows a double row of these muffles with 
their control resistances. These latter enable the 
operator to gradually raise the tem perature in each 
muffle. The rate of this rise is learned b y  means of 
pyrom eter couples inserted into the muffle. In this, 
which is a prelim inary heating only, the tem perature 
rises during 100 hours to 5000 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 b y  a m aterial largely carbon, but 
still capable of further shrinkage, hardening and 
decomposition b y  higher temperature.

A fter the prelim inary heat at 5 °°°  C. the brushes 
are unpacked and a series of tests show relatively 
inferior qualities throughout, about as follows, for 
one typ e of railw ay m otor brushes:

th at additional pressure produces no further change. 
This pressure, for a standard railw ay m otor brush, 
is about 25,000 lbs. per square inch. A bove this pres
sure the quality is not appreciably affected; much 
below it, inferior product results as shown b y  density, 
resistance and strength. Marked effect is produced 
b y  variation in the tem perature at which the m ixture 
is pressed. For this reason care is taken to have the 
pressing done at about 250 C.

The pressed brushes are then packed in cast iron 
boxes, in lots of 100-200, and covered w ith 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.

which liquefies at moderate tem perature ( io o °  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 m aterials a t gradually 
rising tem perature was determined. This w ork 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. I t  was heated b y  a 
special resistance wire and the tem perature con
trolled b y  a thermo-element and resistance, so th at 
the rate of rise of the tem perature on each lot of 
brushes was about 5 0 C. per hour over a period of 
about 100 hours. The distillation of the binder 
under this treatm ent does not rupture or weaken the 
brush.

W hen large volum es of brushes are heated or the 
heating of small containers in a large furnace of usual 
typ e is carried out, the brushes near the walls receive 
a very  different heat treatm ent 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.

F i g . 4 .

E arly  in the investigation it becam e 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 tem perature during the early stages of heating 
the pressed brush. The pitch, or binder, which on 
its fractional distillation leaves the cem enting carbon, 
which in turn largely determines the hardness and 
strength of the brush, is a m ixture of organic compounds
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H ardness. \ Tensile s trength . R esistance-
20 900 lbs. per sq. in. 0.043 ohm  per inch cube

The material can still shrink greatly and improve 
b y  a higher heat treatm ent. This is accomplished 
in an ordinary porcelain kiln at about 14000 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 com bustible 
in the presence of an excess of coke powder.

Owing to the severe requirements for railw ay motor 
brushes, the work for a long time was devoted ex
clusively to this field and there is probably still p lenty 
of im provement possible.

As the work has advanced, the refinements of re
quirements have become more and more apparent, 
and it is quite evident now th at 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 b y  
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:

H ardness. Resistance. Tensile s treng th .
1909.............. 52 .3  0.0013S 1800
1911.............. 58-60 0 .00120 2700

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

Development of the railw ay brush led to trying the 
same product on other types of electrical apparatus, 
and it was at once evident th at the general brush 
requirements call for more than one kind of brush 
and more than a single composition. Generator 
brushes, while they do not m eet the severe conditions 
met by railway motor brushes and m ay therefore 
be softer and of lower physical tests, should have 
high conductivity and should in use develop a polished 
com m utator w ithout cutting or sm utting the metal. 
A fairly satisfactory type of generator brush m ay be 
made almost entirely of ash-free graphite and binder- 
carbon and will have approxim ately the following 
values on test; Hardness, 35; resistance, 0.00078; tensile 
strength, 2500; chip test, 6. I t  has been found that 
a brush needs some lubrication qualities which are 
difficult to express quantitatively. In the past it 
has even been custom ary to treat some brushes with 
oils, vaseline, etc., to give them this lubricating effect. 
It has also been found possible to im prove operation 
of a com m utator b y  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 this case, b y  a proper 
selection of proportions of binder or pitch and the 
m ixture, it has become possible to gain the same

F i g . 6 .

shrinkage in the two w idely different m aterials, a 
hard brush body and a bod y largely composed of 
graphite. A  sort of lam inated brush is thereby pro
duced and if there were service demands for such 
lam inated brushes they could be produced.

R e s e a r c h  L a b o r a t o r y ,
G e n e r a l  E l e c t r ic  C o .,

S c h e n e c t a d y .

T H E  RELATIO N  OF T H E  R E F R A C T IV E  IN D E X  OF SODA 
LIM E GLASSES TO T H E IR  CH EM ICA L 

COMPOSITION.

B y  E d w in  W a r d  T il l o t s o n , J r .

Through the researches1 of Abbe, Schott, W inkel- 
mann and others, it has been shown th at m any of the 
physical constants of glasses m ay be roughly calcu
lated, w ith the aid of empirical factors, from their 
chemical composition. In all of those calculations 
it was assumed th at the constant of the glass was the 
additive sum of the em pirically determined constants 
of the oxides present, and it was shown th at these 
empirical constants, since th ey m ust contain an ele
ment characteristic of the manner in which the oxide 
is combined in the glass, m ay 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 valuable o f 
constants.

M any expressions for the relation of the refractive 
index to the density of a substance have been de
veloped, but only tw o have theoretical significance.

, ' N— 1The first of these,  ̂ =  K , was proposed3 b y

N 2—  1 1
Gladstone and Dale and the second, ----  X , = K ,

N J +  2 d
was simultaneously and independently developed 
b y  Lorenz3 and Lorentz.4 In both of these expres
sions K , the specific refractive power, is a constant 
which is supposedly independent of the tem perature, 
and which is defined b y  the chemical composition 
and constitution of the substance. M any exceptions 
to this rule occur, however, and the expression of 
Gladstone and Dale fails com pletely when the vari-

1 “ Jen a  G lass an d  its  Scientific and  In d u s tria l A pplication ," H o v e s ta d t-
2 P h il. Trans., 337, 1S63.
3 W&dL A n n .. 11, TO (18S0).
* I b i d 9, 641 (ISSO).
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ation of tem perature is sufficient to produce a change 
of state in the substance. B oth expressions hold 
fa irly  well, however, for- liquids and solutions. In 
a solution or a homogeneous m ixture 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 
m ay therefore be calculated as follows:

K  =  4- ]
10 0  10 0  100

in which p u p2, etc., are the percentages in which 
the several compounds are present, and K ,, K „  K „  
etc., are their respective specific refractivities.

V ery  few attem pts have been made to apply this
relation to glasses or to pure silicates. Larsen1 has
shown b y  some very  accurate measurements on care
fu lly  prepared silicates th at the specific refractive 
power is additive within lim its of error in case of 
m ixtures of calcium  and magnesium m etasilicates,
and of albite and anorthite. both in the vitreous and the 
crystalline form. A  m arked 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 m ight be cal
culated from their composition w ith 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%  Si0 2, 
the remainder being chiefly aluminum oxide and 
moisture. The ingredients were carefully weighed 
out, well m ixed and finally fused in clay crucibles 
in an oxidizing atmosphere of a gas furnace. W hen 
the glass was “ plain” it was poured out on cold iron 
plates and, after annealing, was broken into small 
fragments. The refractive index for w hite light was 
measured w ith the aid of an A bbé refractom eter using 
selected fragm ents of the glass which presented a 
smooth, flat surface of the original plate. W ith a 
little care in selecting plane fragm ents of the glass, 
the values of the refractive index for successive plates 
usually agreed to within tw o or three units in the 
third decimal place, and the average of a num ber 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. 
I t  is im probable that the lack of homogeneity, as 
shown b y  striae, introduced a very  marked error, 
since the refractive indices of successive preparations’ 
of the same glass, measured on carefully ground and 
polished plates, agreed to within tw o units in the third 
decim al place. T h at this is within the lim it of error

1 Am. J. Sci., 28, 263 (1909).
2 U npublished d a ta .

for glass prepared in clay  crucibles is shown b y  the 
fact that, even in the m anufacture of optical glass, 
which m ust possess hom ogeneity to the highest de
gree, it is custom ary1 to find a difference in a large 
plate am ounting 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 b y  the fact 
th at manufacturers cannot vouch2 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 b y  the use of the 
calculated densities. I t  has been shown in a pre
vious paper3 that the densities of m any glasses m ay 
be calculated w ith a moderate degree of accuracy, 
from the chemical composition. The average error 
in these com puted densities was about one per cent., 
but occasionally amounted to two per cent. A n 
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 
refractiv ity  (Lorenz and Lorentz), one per cent, 
error in the density introduces an error of from 0.0005-
0.0010. I t  is also possible th at 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 th at of the 
“ b atch .” This error is doubtless small in comparison 
with other errors since Kultascheff-i has shown that, 
although the loss on heating pure sodium m etasilicate 
m ay amount to 4 % ,  as the percentage of calcium  
silicate increases the loss rapidly decreases and be
comes negligible; and D ay and Allens apparently 
did not observe an y noticeable volatilization in the 
synthesis of feldspar.

The results which were obtained are given in Table
1. The first four columns of this table show the com 
position of the glasses, which correspond to m ixtures 
ranging from N a20 .3 S i0 2 to Ca0 .Si0 2. In the fifth 
column are given the densities as calculated6 from 
the composition; in the sixth, the observed refractive 
index for w hite light; and in the seventh, the values 
of K  which were calculated from Gladstone and D ale’s 
formula.

W hen 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 Pig. x, it becomes evident th at th ey form tw o 
straight lines which intersect a t a point corresponding 
to a glass of the composition 2Na20 .3 C a0 .9 S i0 2. 
This break in the curve, therefore, indicates the ex
istence of a compound at this point. It  is especially 
significant since both Kultascheff? and W allace8 have

1 Zscholke, Zeit, fü r  Instrumenlenk, 29, 286.
2 H ovestad t, loc. cit., p. 18.
3 Tillotson, T h is  J o u r n a l , 3, 897 (1911).
* Z . anorg. ehem., 35, 187 (1903).
5 “ T he Isom orphism  and  T herm al P roperties  of th e  F e ld spars."
6 H ovestad t, loc. cit. T illotson, loc. c it.
7 Z . anorg. Chem., 35, 187 (1903).
8 Ibid., 63, 1 (1909).
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T a b l e  I .

CnSiOa mol. SiOj. CaO. NajjO. D N K K X N
P er cent. P er cent. P e r cent. P er cent. calc. obs. obs. calc. calc. calc.-obs.

00 74.45 0 .0 0 25.55 2.37 1.5000 0.2110 0.2110 1.5000 0 .0000
10 73.60 2 .50 23.90 2.395 1.5060 0.21127 0.2111 1.5055 — 0.0005
20 72.32 5 .18 22 .50 2.42 1.5115 0.21137 0.21118 1.5111 — 0.0004
30 70.85 8 ,25 20 .90 2.45 1.5172 0.21110 0.21125 1.5175 +  0.0003
40 69 .30 11.70 19.00 2 .48 1.5240 0.21129 0.21135 1.52410 +  0.0001
50 67.40 15.60 17.00 2 .52 1.5334 0.21166 0.2115 1.5330 —0.0004
50 67 .40 15.60 17.00 2 .52 1.5300 0.21032 0.2115 1.5330 +  0 .0030
60 65 .20 2 0 .2 0 ' 14.60 2.57 1 .5432 0.21137 0.2116 1.5438 +  0 .0006
70 62.75 25.35 11 .90 2 .63 1 .5590 0.21254 0.2127 1.5594 +  0 .0004
80 59 .60 31 .80 8 .6 0 2.705 1.5800 0.21442 0.2142 1.5794 — 0.0006
80 59 .60 31 .80 8 .6 0 2.705 1 .5796 0.21436 0.2142 1.5794 — 0.0002

100 51.85 48.15 2 .92 1.628» 0.21517 0.2178 1.6307 +  0 .0027
1 — N na— Larsen, loc cit.

observed th at in m ixtures of sodium and calcium 
metasilicates a m aximum m elting point is reached 
a t the composition 2NajO.3CaO.5SiO,. In column 8

,H*a 
i oj*o
I

I .1/*»
.too

S '
s '

y

' '

t$i\ 9*

T ablk II .
CtiSiOs

mol.
P e r D X K ' K ' X X
ccnti calc. obs. obs. calc. calc. calc.-obs.

00 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 2.45 1.5172 0.12351 0.12361 1.5176 +  0.0004
40 2 .48 1.524 0.12338 0.12346 1.5244 +  0,0004
50 2,52 1.5334 0.12329 0.12323 1.5333 — 0.0001
30 2.52 1.530 0.12260 0,12323 1.5333 +  0.0033
60 2.57 1.5432 0.12272 0.12300 1.5450 +  0.001S
70 2.63 1 .559 0.12277 0.12270 1 .55S6 — 0.0004
vSO 2,705 1 .5S0 0.12305 0.12236 1.5761 —0.0039
80 2.705 1.5796 0.1229S 0.12236 1.5761 — 0.0035

100 2 .92 1,628 ' 0 .12155 0.12150 1.6276 — 0.0004

2.43* 1.5096 0.12300 0.12291 I .5093 — 0.0003

This break is, however, less m arked than in the case 
shown in F ig. 1, and all of the specific refractivities 
may, for convenience, bo considered to lie upon a 
single straight line indicated b y  the dotted line in the 
figure. This behavior of the N* formula, that of 
minimising the effects of compounds on the specific 
refractivity. makes it. possible to calculate the specific 
refractivities directly from the percentage composi-

4 X k*» Larsctu Av city
* SiOffs T 7 .71'; ; GtfX : N asb , 13 ,S4a *

tion of the glass. Since the specific refractiv ity  is> 
within the limits of error, linear, it m ay be com puted 
b y  means of the following equation:

K P A  +  p ä  +  W  e t ,

100 100 100

(Table I) are given the specific refractivities, as indi
cated b y  the two straight lines in Fig. 1; column 9, 
the refractive index com puted from columns 5 and 8; 
and column 10, 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 b y  the full lines in Fig. 11.

in which P,, P 2, P 3, etc., are the percentages of the 
oxides, and K „  K 5, I<3. etc., are the em pirically de
termined specific refractivities of the oxides. For 
soda lime glasses these are as follows:

S1O2....................................................... 0.1220
C aO .............................................................................  0 .1210
N.i 20 ...........................................................................  0 .1302

Columns 5 and 6 of Table II show the specific re
fractivities and refractive indices as calculated b y  
the aid of these factors and column 7 the difference 
between the calculated and observed values of the 
refractive index. N ot only are the com puted values 
for the glasses given above sufficiently accurate for 
m any kinds of work, but the last glass in Table II 
shows that the refractive index of glasses richer in 
silica, m ay also be calculated with equal accuracy.

Although, in em ploying this method for estim ating 
the refractive index, no consideration is taken of the 
compounds which m ay be formed, yet it is theoretic
ally  correct up to the point where the compound is 
found, and is applicable to the m ajority of soda lime 
glasses; for these rarely contain as large a proportion

I?

* - - __ _
-*■

ro * 
»1

4M ;
t* JAO r *•> jo «O 74 MC *0 C 

) 60 40 io SO tO • OS« OO

of lime as the ratio 2 N a,0 .3 C a0 .*S I0 2 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. I t  must be remem
bered, however, th at the factors em ployed represent 
not the true specific refractivity  of the pure oxide, 
but the true refractiv ity  modified b y  the nature of 
the silicate which is formed and also b y  the inexact 
values of the density which is em ployed 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 com putations and the specific refrac- 
tivities calculated from them, together with the fac
tors given above.

T a b l e  I I I .

D D K  K  K3.
N. obs. calc. obs. calc.2

( Q u a rtz   1 .5472 ' 2 .6 5 2 ']  [ '0 .1 1 9 6 1 ' 0 .1 3 8 0 ]
S i0 2*l Trydyniitc.. 1 .4830» 2 .318' V 2.3  J 0 .12319" 0.1240 ¡“ 0.1220

( Fused Quartz 1 .45901 2 .213'J [o .12354' 0.1188 J
CaO........................ 1 .83201 3 .316' 4.1  0 . 13266' 0.1073 0.1210

SU M M A R Y .

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

2. The existence of a double silicate of the type 
2Na20.3Ca0.a:Si0j, which is doubtless the double 
m etasilicate, described b y  Kultascheff and W allace, 
has been made evident.

3. The specific refractivities of these glasses, com
puted w ith 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 
is 2 : 3.

4. Factors have been derived b y  means of which 
the specific refractiv ity  of soda lime glasses m ay be 
calculated. These are for the form ula of Lorentz 
and Lorenz: Si0 2, 1220; CaO, 1210; N a20 , 0.1302.

U n i v e r s i t y  o f  K a n s a s ,
L a w r e n c e , K a n s a s .

A N E W  M ETH OD F O R  T H E  D ETER M IN ATIO N  OF 
V A N A D IU M .

B y  D .  J .  D e m o r e s t .

R eceived Sep tem ber 25, 1911.

The following m ethod for the determ ination of van a
dium in steel depends upon the selective oxidation of 
ferrous sulfate in the presence of van adyl sulfate by 
means of manganese dioxide. The van adyl sulfate 
is then titrated  b y  adding an excess of perm anganate, 
the excess perm anganate being titrated  b y  sodium 
arsenite.

This differential oxidizing action apparently con
tradicts the results of J. R. Cain,1* 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 w ater in 30 seconds.

The process in detail is as follows: In a 500 cc.
flask a two-gram  sample of the steel or iron is dis
solved in a m ixture of 30 cc. of w ater and 12 cc. con
centrated H jS 0 4 w ith application of heat. Then one 
cc. of I-INO3 (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 w ith 30 cc. of wTater and a strong 
solution of K M n 0 4 is added to com pletely oxidize 
all carbon, etc., and the solution is boiled. If the per-

1 Larsen, loc. cit.
2 U sing L oren tz  and  Lorenz form ula and  "D  calc ."
3 F ac to rs  used in  com puting  specific refractivities.
4 T h i s  J o u r n a l ,  3, 476 (1911).
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m anganate or the resulting Mn0 2 should disappear, 
not enough perm anganate has been used, and more 
should be added. Now ferrous sulfate is added to 
reduce the Mn0 2, HMnO,, H 2Cr0 4, and H aV 0 4, etc., 
and the solution is again boiled to rem ove any possi
ble nitrous fumes. Then pure distilled w ater is added 
to m ake the volum e about 250 cc., N /10  K M n 0 4 
added until the solution is pink, and the solution 
cooled to tap  w ater tem perature. 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 0.01 gram  of iron, 
is the one used. Now about one gram  of C. P. MnO, 
is added and the solution shaken vigorously. A fter 
tw o minutes a drop is tested with ferricyanide on a 
white plate to see if the iron is com pletely oxidized. 
It  generally takes from four to six minutes. A t  the 
end of each m inute the solution is tested for ferrous 
iron until none is present and the shaking is continued 
for about one-half minute longer. I t  should be noted 
th at a bluish color will alw ays be obtained in the pres
ence of vanadyl sulfate after the test drop has stood 
for a few seconds. The end should be taken when 
the test does not show blue im mediately. 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 b y  the van adyl sulfate. 
One can become fam iliar with this end b y  adding a 
drop of ferric sulfate containing van adyl sulfate to a 
drop of ferricyanide on a white plate.

The Mn0 2 oxidizes the ferrous sulfate to ferric 
sulfate, but does not oxidize the van adyl sulfate 
[V20 2(S0 ,)2]. Then the Mn0 2 is filtered off on an 
asbestos m at, using suction. From  a burette a stand
ard solution of KM nO , is added until a pink tinge 
is present in the solution, and one cc. more is added, 
and after one m inute the excess perm anganate is 
titrated  w ith N a3AsO a solution. The end point is v e ry  
sharp. If at this point the operator is not satisfied 
w ith this titration, the excess arsenite m ay be oxid
ized with K M nO „ ferrous sulfate again added, then 
oxidized w ith Mn0 2 as before, and the titration re
peated, thus giving a check on the titration. A  blank 
determ ination m ust be run on a vanadium -free steel, 
and the result deducted. The blank generally amounts 
to about 0.00075 gram  V. The tim e required is about 
one-half hour and the results are very  satisfactory. 
In fact the accuracy is about th at of a phosphorus 
determination.

The vanadium  steel standard furnished b y  the
Bureau of Standards was analyzed b y  the above method.
The result of the Bureau chem ists is 0.0143 Per cent. 
V  and the average of the cooperating chemists is
0 .15  per cent. V. The writer obtains the following 
results, the average being’ o. 143 per cent.:

0 .1 4 0  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 w ith the addition of ferro-vana- 
dium containing 0.00684 gram  of vanadium  were 
analyzed. The results were 0.00680 and 0.00690 
gram  V. Another sample with 0.0342 gram  V  was 
analyzed, and 0.03432 gram  V  was found.

To test the effect of chromium on the method, 
■the Bureau of Standards' sample above mentioned 
was analyzed w ith the addition of 0.100 gram  Cr. 
The results were 0.143 per cent, and 0.143 Per cent. 
V , showing th at chromium has no effect on the van a
dium results. Scores of other determinations have 
been made, proving the accuracy of the method.

The KM nO, solution used equals 0.001 gram  iron 
per cc., and the arsenite solution has the same strength. 
This makes the KMnO< equal 0.000917 gram  vana- 
diun per cc. The arsenite solution-* is made b y  dis
solving about 2.25 grams AsjO , in N a2COs solution 
and diluting to 2,000 cc.

D e p a r t m e n t  o f  M e t a l l u r g y ,
O h io  S t a t e  U n i v e r s i t y .

A R A P ID  M ETH OD FO R T H F  D ETERM IN ATIO N  OF V A N A 
D IUM  IN STE ELS, ORES, ETC ., B A SED  ON ITS QU ANTI

T A T IV E  INCLUSION B Y  T H E  PH O SPH O - 
M O L Y B D A T E  P R E C IP IT A T E .

B y J .  R .  C a in  a n d  J .  C . H o s t e t t e r .

R eceived D ecem ber 27, 1911.

I .  IN T R O D U C T IO N .

The fact th at vanadium  is carried down with am 
monium phosphom olybdate 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 
phosphom olybdate has been mentioned b y  several 
authors. The orange to brick-red color of this vana
dium-bearing jf precipitate is quite different from the 
color of the normal ammonium phosphom olybdate, 
called from its color the "yellow  precipitate.”  Brearley 
and Ibbotson1 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  w ith 
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
phom olybdate interferes w ith an exact determ ination 
of phosphorus b y  the ordinary methods. Especially 
is this true in steel analysis. The possibility of easily 
separating vanadium  from iron b y  thir m ethod has, 
we believe, never been studied before. The present 
research was undertaken in order to decide whether 
or not vanadium  could be com pletely precipitated 
w ith phosphoric acid, and, if so, to learn if it could 
be determined quantitatively.

2 . P R E L IM IN A R Y  C O N D IT IO N S  F O R  P R E C IP IT A T IN G  T H E  

V A N A D IU M .

The necessary ratio of phosphoric acid to vanadic 
acid  for complete precipitation of the latter was in-

1 “T h e  A nalysis o f Steel W orks M aterials ,”  1902, p. 165.

vestigated qualitatively  b y  following the change 
in color of the phosphom olybdate precipitated with 
increasing additions of phosphoric acid. A  nitric 
acid solution of a vanadium -free steel was prepared; 
to this was added a known am ount of vanadium  from 
a carefully standardized ammonium vanadate solu
tion. To equal volum es of the steel solution so pre
pared were added gradually increasing volum es of 
a roughly standardized sodium phosphate solution, 
and the phosphoric acid was precipitated by the m olyb- 
date reagent, observing the conditions for this pre
cipitation usually given in texts on steel analysis. 
W ith sm all amounts of phosphoric acid the precipitate 
was of a deep orange color, which becam e progressively 
lighter as the phosphorus increased, finally approach
ing the color of the normal or vanadium -free phos
phom olybdate when relatively very  large amounts 
of phosphoric acid were added. The filtrates were 
treated b y  precipitating a further small amount 
of phosphoric acid, and judging b y  the color of the 
precipitate whether or not precipitation was com plete 
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 w7ith 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 
determ ination 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. I t  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 
uniform ly quantitative. The conditions will be de
tailed later.

O ther questions affecting the probable accuracy 
of the determination were ( i)  the solubility of the 
vanadium -bearing precipitate in the usual washing 
solutions, and (2) the optim um  tem perature for 
precipitation. As to th e  solubility of the precipitate, 
it w as soon found th at the presence of vanadium  
caused marked changes in the solubility of ammonium 
phosphom olybdate. It  was noticed th at when the 
precipitate dissolved to any extent in the washing 
solutions these were strongly colored, usually having 
a straw  or orange tint. I t  was thus possible to de
cide this question qualitatively, and Table I gives 
some of the results obtained. It  will be seen th at 
acid ammonium sulfate and ammonium nitrate solu
tions are best adapted for washing the yellow  pre
cipitate. Incidentally, the m arked solubility in di
lute solutions of potassium  nitrate and of nitric acid 
is of interest, for these are the wash solutions recom
mended b y  some authorities for use when determining 
phosphorus in steel. It  is evident th at such use m av 
occasion errors in the phosphorus determ ination if 
vanadium  is present in appreciable amount. It 
seems probable th at the solubilities v a ry  considerably 
w ith  the proportion of vanadium  present in the pre
cipitates.
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T a b le  I .— O r d e r  o f  S o l u d i l i t y  o f  V a n a d iu m -B e a r in g  P r e c i p i t a t e 1 in  
V a r io u s  S o lv e n t s  a t  Room  T e m p e r a tu r e .

Solvent.
Am m onium  acid su lfa te2..........

“ n itr a te ........................

“ su lfa te ........................
N itric  acid .......................................

A m m onium  su lfa te ......................
“ n itra te ............. . . . .
“ chloride......................
“ su lfa te ........................

Sulfuric ac id ...................................
W a te r ................................................
A m m onium  m olybdate  (ncut.)
P o tassium  n itra te .........................

M su lfa te3........................
N itric  acid3.....................................
Sodium  sulfa te3.............................
A m m onium  m olybdate  (neu t.)3

T h e  o p t i m u m  t e m p e r a t u r e  f o r  p r e c i p i t a t i o n  i n  t h i s  

c o n n e c t i o n  i s  g o v e r n e d  l a r g e l y  b y  c o n s i d e r a t i o n s  a f f e c t 

i n g  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p r e c i p i t a t e  a n d  t h e  

s p e e d  o f  p r e c i p i t a t i o n .  A c c o r d i n g l y ,  o u r  p r e c i p i t a 

t i o n s  a r e  m a d e  f r o m  s o l u t i o n s  b r o u g h t  t o  b o i l i n g  b e f o r e  

a d d i t i o n  o f  t h e  p r e c i p i t a n t ,  t h u s  s e c u r i n g  a  r a p i d l y  

s e t t l i n g  p r e c i p i t a t e  r e a d i l y  f i l t e r e d  b y  s u c t i o n .  C e r 

t a i n  t h e o r e t i c a l  r e a s o n s ,  t o  b e  c o n s i d e r e d  a t  a n o t h e r  

t i m e ,  l i k e w i s e  d e m a n d  a  p r e c i p i t a t i o n  a t  t h i s  h i g h  

t e m p e r a t u r e .  B r e a r l e y  a n d  I b b o t s o n “* a l s o  h a v e  s h o w n  

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

l o w  t e m p e r a t u r e s .

A f t e r  h a v i n g  a s s u r e d  o u r s e l v e s  q u a l i t a t i v e l y  t h a t  

v a n a d i u m  i s  c o m p l e t e l y  p r e c i p i t a t e d  b y  t h e  p h o s -  

p h o m o l y b d a t e  p r e c i p i t a t e  o b t a i n e d  u n d e r  p r o p e r  

c o n d i t i o n s ,  a  s t u d y  w a s  m a d e  o f  m e t h o d s  f o r  d e t e r m i n 

i n g  t h e  v a n a d i u m  t h u s  p r e c i p i t a t e d .

3 . S E P A R A T IN G  T H E  V A N A D IC  ACID  PR O M  T H E  M O L Y BD IC

A C ID .

I n  v i e w  o f  t h e  e a s y  v o l a t i l i t y  o f  m o l y b d i c  a c i d ,  

i t  w a s  a t  f i r s t  t h o u g h t  p r a c t i c a b l e  t o  h e a t  t h e  p r e 

c i p i t a t e  o v e r  a  b l a s t  l a m p  u n t i l  a l l  t h e  m o l y b d e n u m  

h a d  b e e n  d r i v e n  o f f .  I t  w a s  f o u n d  t h a t  n e a r l y  a l l  

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

t o o  m a n y  d i f f i c u l t i e s  e n c o u n t e r e d  t o  m a k e  t h e  m e t h o d  

r e l i a b l e .  T h e r e  i s  m u c h  d a n g e r  o f  m e c h a n i c a l  l o s s  

w h e r e  t h e  r e l a t i v e  a m o u n t  o f  v a n a d i u m  i s  s m a l l ;  

m o r e o v e r ,  a t  t h e  t e m p e r a t u r e  r e q u i r e d  f o r  r a p i d  

v o l a t i l i z a t i o n ,  t h e  v a n a d i u m  p e n t o x i d e  r e m a i n i n g  

b e h i n d  f u s e s  a n d  c r e e p s  o v e r  t h e  s i d e  o f  t h e  b o a t  

o r  c r u c i b l e  u s e d  a s  a  c o n t a i n e r ,  a  f a c t  p r e v i o u s l y  

n o t e d  b y  G i b b s .5 F u r t h e r ,  t h e r e  i s  u s u a l l y  a  s l i g h t  

r e d u c t i o n  o f  m o l y b d e n u m  t o  a  l o w e r  o x i d e  w h i c h  

d o e s  n o t  v o l a t i l i z e  r e a d i l y .  H o w e v e r ,  t h i s  m e t h o d  

o f  h a n d l i n g  t h e  p r e c i p i t a t e  h a s  s o m e  m e r i t s ,  p a r 

t i c u l a r l y  i f  o n e  w a n t s  v i s u a l  c o n f i r m a t i o n  o f  t h e  p r e s 

e n c e  o f  v a n a d i u m  i n  a  s a m p l e  o f  m a t e r i a l .  T h e  c h a r 

a c t e r i s t i c  a p p e a r a n c e  o f  f u s e d  v a n a d i u m  p e n t o x i d e  

i s  e a s i l y  d i s t i n g u i s h e d  i n  t h e  r e s i d u e  a f t e r  i g n i t i o n ,  

e v e n  t h o u g h  s o m e  o f  t h e  l o w e r  ( b l u e )  o x i d e  o f  m o l y b 

d e n u m  i s  p r e s e n t .  O f  c o u r s e ,  t h i s  p r e c i p i t a t e  c a n  b e

1 Containing approx im ate ly  0 .4  per cent, vanadium .
2 See p. 250.
3 0 .5  gram  of p rec ip ita te  dissolves in  less th a n  20 cc. of th e  solvent.
4 Loc. cii., p . 165.
5 A m . Chem. J . ,  5, 371 (1883-1884).

taken up by fusion with sodium carbonate and pre
cipitated b y  mercurous nitrate or in any other manner 
desired. U sually it is accompanied b y  some iron 
oxide. W e consider th at the m ethod is sub
ject to too m any irregularities and is too difficult of 
manipulation for technical work. Moreover, it is 
much slower than other procedures to be described 
later. W e found that T ruchot1 had also proposed 
and made use of the vo latility  of m olybdic acid to 
separate it from small amounts of vanadium  co
precipitated with molybdenum, when electrolyzing 
ammoniacal solutions of m olybdates and vanadates.

A  very  rmich simpler and shorter method has been 
devised b y  us for separating the vanadium  in pure 
form from the phosphom olybdate precipitate. The 
latter is suspended in a small amount of hot water, 
and dilute ammonia added drop b y  drop, w ith vigorous 
shaking, until everything is in solution. The solution 
is heated ixntil 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 a t 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 m ust be present to form a sufficient 
volum e of amido precipitate to bring down the v a 
nadium. One or two trials will enable the operator 
to decide as to the proper excess. W hen 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 litm us paper.2 U sually a volum inous black 
precipitate separates on shaking; if it does not form 
and settle rapidly, the solution is heated until it does. 
The precipitate is washed b y  decantation two or three 
times with w ater containing i per cent, mercurous 
nitrate, and is finally transferred to the filter and washed 
there two or three tim es more. F ilter and contents 
are transferred to a porcelain crucible, the filter 
paper burned off, and the m ercury volatilized. The 
vanadium  remains p artly  as vanadic pentoxide, 
partly  as lower oxides and is accompanied b y  rel
atively  very  little molybdenum. The latter m ay be 
precipitated, if desired, b y  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 
w ith 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 m olybdenum  
and vanadium ) are present, these disappear on the 
addition of a trace of nitric acid, and evaporation 
until dense strong fumes appear.

W e have not used this m ethod 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, b y  far the greater portion of the 
vanadium  is obtained a t first.

1 A n n . chim. anal., 7, 165—7 (1902).
2 Caused b y  th e  hydrolysis of th e  m ercurous n itra te  solutioo-

C oncentration.
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50 
50 
25 
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1 
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50

1
1
1
1
1

10

Color of solution. 
Colorless

F a in t yellow

Color increases regu
la rly  down th e  
series, showing in 
creasing so lubility

Deep yellow  (com
p lete 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 m olybdic and 
phosphoric acids in order to determine it accurately.

4. R E D U C T IO N  O F  T H E  V A N A D IC  ACID BY S U L F U R  

■ D IO X ID E .

E dgar’s m ethod1 of reduction b y  sulfur dioxide 
was next tried, with the idea of reducing the vanadium  
to the tetravalent stage w ithout affecting the m olyb
denum; the tetravalent vanadium  could then be 
titrated against perm anganate, as usual. Edgar 
found th at b y  properly adjusting the acidity (sul
furic acid) of his solution and its m olybdenum con
centration, the differential reduction could be made 
w ith ease. Our results are confirm atory, but un
fortunately the method is lim ited in its application 
to the present problem because of the effect of the 
presence of iron occluded b y  the large am ount of 
ammonium phosphom olybdate sometimes required. 
This iron is sometimes present in relatively large 
quantities and of course is w holly or in part reduced 
b y  the sulfur dioxide. I t  is difficult, too, to com 
pletely eliminate this im purity from the precipitate 
w ithout unduly prolonging the process. Solution 
of the precipitate, followed b y  reprecipitation, helps 
but little. If the precipitate is dissolved in ammonia, 
a clear solution is obtained, even if considerable iron 
is present; the latter reveals its presence b y  im parting 
a dark color to the otherwise colorless solution. If, 
however, the precipitate is dissolved in sodium h y 
droxide, a large proportion of the iron separates and 
the precipitation can be made nearly complete b y  
boiling the solution until all the ammonia of con
stitution of the yellow precipitate is expelled.

W e made a number of fairly accurate determ ina
tions of vanadium  in the presence of iron and chromium 
b y  precipitating the vanadium  w ith phosphom olyb
date, dissolving the precipitate in ammonia, acidifying 
with sulfuric acid to a 15 per cent, acidity, followed 
b y  sulfur dioxide reduction and perm anganate titra
tion. In most of the determinations it was necessary 
to get rid of the iron contam inating the phosphom olyb
date b y  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 b y  this method now 
gave the necessary data for accurately fixing the 
ratio of phosphorus to vanadium  to secure complete 
precipitation. It was established th at ten tim es 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. W e have used this

1 4 « .  J ■ Se t., [4] 25, 332 (1908). See also G ibbs: Lee. cii.
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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 phosphom olybdate precipitations, testing 
each for vanadium . However, this is about what 
one has to do w ith any method when working on 
unknown materials.

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

5. C O L O R IM E T R IC  D E T E R M IN A T IO N  O F  T H E  V A N A D IC

A C ID .

G regory’s colorimetric m ethod,1 depending on the 
colors developed in strong sulfuric acid solutions 
of vanadium  and strychnine, seemed promising, 
inasmuch as the phosphom olybdate is so soluble 
in concentrated sulfuric acid. W e found b y  pre
lim inary tests that the associated m olybdenum has 
no appreciable effect on the strychnine, so far as 
color developm ent is concerned. However, iron does, 
and this is to be expected from A llen ’s statem ent 
of the cause of the color:3 “ On treating a cold solu
tion of strychnine in concentrated sulfuric acid with 
an oxidizing agent of alm ost 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 m ust be 
absent and probable that the vanadium  must be in the 
pentavalent state. W e confirmed the latter b y  trials 
of concentrated sulfuric acid solutions of V ,0 ,, which 
gave no color w ith strychnine. This is an im portant 
point, for we found th at strong sulfuric acid solutions 
of vanadium  pentoxide are very prone to go over to 
the quadrivalent state, when of course th ey develop 
no color w ith strychnine.-W ith  sulfuric acid solutions 
of the phosphom olybdate precipitate containing van a
dium it is easy to follow this change b y  the change 
of color in the solution. In itially  there is a straw 
or orange color,3 apparently due to the presence of 
acid vanadates or polyacids,4 which is probably 
closely proportional to the amount of vanadium  
present, but after a few m inutes’ evaporation to 
strong sulfur trioxide fumes, and w ith low vanadium  
content, the solution becomes either colorless or a 
pale blue. W e observed the same phenomenon with 
concentrated sulfuric acid solutions of vanadium  
pentoxide. A t first the reduction was thought to 
be due to organic m atter present in the sulfuric acid, 
but further experim ents w ith larger amounts of van a
dium showed too much reduction to be accounted 
for in this w ay. For instance, in one experim ent 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

> Chctn. New s, 100, 221.
2 "C om m ercial O rganic A nalysis,” Vol. I l l ,  2nd E d ., P t. I I ,  p. 368.
3 Som e w ork has been done here tow ard  m aking th is  color th e  basis 

of a  colorim etric m ethod for vanadium .
4 G m elin -K rau t, “ H andb . d. Anorg. Ch.,”  7 th  A uf., Vol. I l l ,  P t .  2, 

p. 89.
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reduction was practically  complete. W e found that 
Pran dtl1 had already investigated this m atter 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 w hat we had expected, after having read 
the work of K oppel and Behrendt,2 who found the 
reverse action taking place. Possibly there is an 
equilibrium between the two sets of reactions. This 
com plication is very  troublesome when attem pting 
to prepare the sulfuric acid solution of the vanadium - 
bearing phosphom olybdate for colorimetric estimation 
b y  strychnine. A s stated above, with small amounts 
of vanadium  (for which we had expected the color
imetric m ethod to be very  useful), the reduction or 
dissociation takes place com pletely 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 am ount of vanadium  
present. On the other hand, if the attem pt is made 
to reoxidize the vanadium  to the pentavalent stage, 
this m ust 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 w ith the 
strychnine), nor m ust the solution be heated unduly 
long in attem pting, 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. W e attem pted to find an oxidizing agent 
th at would oxidize the vanadium  w ithout affecting 
the strychnine and found that bism uthate would 
do so under very  special sets of conditions, but there 
were com plications attending its use, such as clouding 
of solutions in the colorimeter, occasional unexplained 
developm ent of color in blanks, etc., th at led us to 
abandon its use. altogether. Besides the uncertainties 
and com plications occasioned b y  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 w ith the phospho
m olybdate, necessitating reprecipitation, there is 
also the possible accidental introduction of organic 
m atter at various stages where reduction of vanadium  
m ight occur, and the troublesome manipulation of 
concentrated sulfuric acid in the colorimeter. The 
colorimetric method of determ ining vanadium  in the 
precipitate at first appealed to us because of its ap
parent sim plicity 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 .  R E D U C T IO N  O F T H E  V A N A D IU M  B Y  H Y D R O G E N  P E R O X ID E

(a) General.— In attem pting to find a suitable
1 G m elin>K raut, "H an d b . d. anorg. C h .,"  7 th  Auf., Vol. I l l ,  P t. 2, p. 87.
- Ztschr. anorg. Chem., 35, 156 (1903).

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 
phosphom olybdate 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 b y  its use we were able to easily 
reduce the vanadium  quantitatively  to the tetra- 
valent stage. Moreover, we found b y  careful tests 
th at the associated iron and molybdenum  were never 
affected. W e found th at solid peroxides could also 
be used, but hydrogen peroxide is to be preferred, 
in general. The details of the reaction will 
be given fu lly  in another paper and stated here 
only in so far as th ey apply to the method of analysis. 
To carry out the reduction, all th at is necessary is 
to dissolve the phosphom olybdate-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 m olybd ate); this alw ays 
disappears on heating, and is followed b y  the clear 
green or blue color (depending on the ratio of V  to 
Mo) of van adyl vanadium . The flask is replaced 
on the hot p late and the solution fumed for a few m in
utes, after which it is cooled, diluted and titrated 
against permanganate. The whole operation is 
extrem ely simple, the end-point very  good, and as 
our data show, the results arc very  accurate.

(b) The Method.— For steels containing vanadium , 
chromium, nickel, titanium , manganese, molybdenum, 
singly or in combination, dissolve an am ount of drill
ings estim ated to contain 2 to 10 mg. of vanadium  
in nitric acid (sp. gr. 1.135), boil till free from fumes, 
oxidize w ith perm anganate 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 determ ina
tion, exam ining any insoluble for vanadium . N early 
neutralize with ammonium hydroxide (0.96) and 
add an am ount of sodium phosphate solution con
taining at least ten tim es as much phosphorus 
as there is vanadium  present. B ring the solution 
to boiling, remove from the plate and add at once the 
usual necessary excess of the m olybdate reagent to pre
cipitate the amount of phosphoric acid added. A gi
tate for a minute or so, when it w ill be found th at the 
precipitate settles rapidly. F ilter the supernatant 
liquid b y  suction through an asbestos filter, and wash 
three times b y  decantation w ith hot acid ammonium 
sulfate solution, pouring the washing liquid through 
the filter. The last wash solution should be decanted 
off as com pletely 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 am ount
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of precipitate thereon. This dissolves quickly and 
the solution is drawn through b y  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 w ith concentrated 
sulfuric acid, the washings being added to the flask. 
For every 10 mg. of phosphorus present a final 
volum e 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 (1:25) 
added and, when fumes are coming off strongly, 
the flask is removed from the plate and the vanadium  
reduced b y  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 b y  volume, and titrate at a tem perature of 700 
to 800 C. against 0.01 N perm anganate. The con
dition as to acidity and tem perature m ust 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 w ith hot water, filter off the tungstic 
acid, nearly neutralize with ammonium hydroxide, 
and add 10 grams solid ammonium nitrate for every 
100 cc. of the final volum e1 before precipitating as 
above described. If desired, the tungstic acid on 
the filter m ay be dissolved in a  small amount of 
sodium hydroxide solution (free from vanadium ), 
acidified with nitric acid and tested for vanadium  
b y  hydrogen peroxide. W e have not found vanadium  
here, and accordingly make no provision for its de
termination.

(c) Solutions Necessary.— N itric acid of sp. gr. 
1 .135. Use 20-25 cc- f° r each gram  of. drillings to 
be dissolved.

Potassium  perm anganate for oxidations: 15 grams 
per liter.

Sodium sulfite: 50 grams per liter. A  solution 
of sulfurous acid m ay be substituted.

Sodium phosphate: 124 grams N a2H P 0 4.i2 H ,0  per 
liter. One cc. contains approxim ately 10 mg. of 
phosphorus and will precipitate 1 mg. of vanadium . 
The solution m ay be standardized b y  evaporating 
a definite volum e to dryness, igniting the residue and 
weighing the Na(P 20 , so form ed.3

M olybdate reagent: Make up according to the 
usual formula; i cc. will contain 0.05 to 0.06 gram  
MoOj. For every mg. of phosphorus to be precipi
tated  use at least 2 cc. of m olybdate reagent. This 
ratio is used, however, only when precipitating large 
amounts of phosphorus. W hen precipitating small 
quantities of phosphorus 50 cc. of m olybdate solu
tion is the minimum volum e used.

Acid ammonium sulfate: To 1000 cc. of w ater add 
15 cc. ammonium hydroxide (0.90) and 25 cc. of sul
furic acid ( i .S4),3 Use at a temperature of 8o° C.

Potassium  permanganate, 0.01 N :  Standardize
against sodium oxalate,4 or, em pirically, against

1 B ureau  of C hem istry, Bull. 107 (R evised), p. 3.
2 B ax ter, A m . Chem. J „  28, p . 301 (1902).
3 B lair. “ The Chemical A nalysis of Iro n ,”  7 th  E d ., p. 97.
4 B ur. S tand ., Circular 26, 2nd Ed., p. 10.

a steel in which the vanadium  has been accurately 
determined b y  other methods.

Peroxide: Hydrogen peroxide, 3 per cent. W e 
have made our reagent w ith “ Perhydrol.”  “ D i
oxygen” also proved satisfactory.

Table II shows a few of the very  large number 
(in all nearly 400) of determinations made b y  us to 
be sure th at the m ethod is reliable. Nos. 16 and 17 
of Table II are of interest as showing the delicacy of 
the method. A s a m atter of fact the vanadium  can 
just as easily be concentrated from 50 or even 100 
grams of steel or iron, so th at excessively small per-

T a b l e  I I . — R e s u l t s  O b t a in e d  b y  t h e  P e r o x i d e  R e d u c t i o n  M e t h o d . 1

A m ount Cr V
of pres P pres V VaOa

sam ple. ent. added. en t. found. found.
No. Gram s. Mg. Mg. Mg. Mg. P e r cent.

1 1 45 12 1.11 1.17
2 1 180 20 1.92 1.91
3 1 135 35 3 .1 9 3 .2 6
4 1 90 45 4 .5 2 4 .6 0
5 1 45 60 6 .38 6 .4 9
6 1 225 100 10.64 10.73
7 1 50 10 1.02 1.16
8 1 100 25 2 .5 4 2 .58
9 1 150 40 4 .0 6 4.15

10 1 200 50 5.08 5.07
11 1 250 60 6 .0 8 6 .18
12 1 50 80 8.13 8 .4 0
13 1 100 90 9 .1 2 9.42
14 1 150 100 10.15 10.22
152 5 19 0.995
16 20 20 1.00 1.02 1
17 20 19 1.11 1.24
18 1 25 2 .66 2 .75
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 w ith ease. 
Nos. 19, 20, 21 and 22 of the same table show the 
application to other materials, the results on the 
titaniferous m agnetite 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 m ay be necessary.

W e have found the arrangem ent shown in Fig. 
1 useful for handling the concentrated sulfuric acid; 
it is much more convenient to use than a reagent 
bottle. I t  stands on a large sheet of glass. Also, 
the funnel w ith glass stopper shown in Fig. 2 is useful 
but not necessary. I t  is made b y  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 E x c ep t as o therw ise indicated, the  solutions used for these  d e te r
m inations w ere m ade b y  adding chrom ium  and  vanad ium  to  th e  n itric  
acid so lu tion  of a  v anad ium  and  chrom ium -free steel in the  p roportions 
ind icated  in th e  tab le . T he vanad ium  w as added  from  an  am m onium  
v a n ad a te  solution, w hich was s tandard ized  by  reducing w ith  su lfu r dioxide 
and  titra tin g  against p e rm a n g an ate ; the  chrom ium  w as added from a  chrom e- 
alurn solution, th e  chrom ium  con ten t being calcu lated  from  th e  am ount 
of s a lt  weighed out.

Nos. 1 to  6, and  15 to  22, inclusive, reduced w ith  m agnesium  peroxide.
Nos. 7 to  14, inclusive, reduced w ith  hydrogen peroxide.
2 No. 15, B . S. C hrom e-tungsten Steel S tan d a rd  No. 30 (in p re p a ra 

tion). (V found *- 0 .02  per c en t.; n o t determ ined by  any  o th e r m ethod.)
. No. 18 con tained  23 m g. of titan iu m  as tita n iu m  sulfate.

No. 19, B. S. M agnetite  O re S tandard , No. 29.
No. 20, B . S. M anganese Ore S tandard , No. 25.
No. 21, B. S. Sibley. O re S tandard , No. 27.
No. 22, B . S. C rescent O re S tan d ard , No. 26.
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If rubber stoppers are used, th ey should be good sound 
ones, so th at pieces of rubber cannot drop into the 
concentrated sulfuric acid solutions.

The largest am ount of vanadium  determined in 
Table V  (xo mg., or 1 per'cent, on a one-gram sample) 
gives about as large a volum e of precipitate as it is 
convenient to handle. W e have precipitated and 
determined accurately as much as 27 mg. of vanadium , 
using the 10 to x ratio of phosphorus, but the manipu
lation in such cases becomes inconvenient. This 
is about the only serious lim itation placed on the 
method, m aking it necessary, when dealing w ith 
large amounts of vanadium , to precipitate from an 
aliquot corresponding to a relatively small sample. 
For steels, alloys, ores, rocks, etc., containing from

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

7. N O T E S  A N D  P R E C A U T IO N S .

The presence of vanadium  in the phosphom olybdate 
precipitate is shown b y  the yellow  to orange color 
of the cold, concentrated sulfuric acid solution of the 
precipitate, 0.05 mg. vanadium  showing a perceptible 
color in a volum e 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 m olyb

denum where the strong solution acid “ creeps”  up 
along the sides of the vessel, the reduction showing 
b y  the developm ent 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 m ay 
be rem oved b y  further fum 
ing ; the treatm ent with perox
ide should then be repeated.
In this connection we m ay 
note that nitrous fumes readily 
oxidize tetravalent vanadium  
and hence the reductions 
should be carried out in an 
atmosphere free from such 
fumes. A fter the reduction, 
it is advisable to cover the 
flask w ith a w atch 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 b y  
volume, the end-point is 
rendered uncertain because of 
the deep yellow  color which 
the pentavalent vanadium , 
formed during the titration, 
gives w ith strong sulfuric 
acid. W e recommend a dilution of 1-5, in which the 
end-point is very  sharp.

The time required for m aking a determ ination is 
w orthy of note. W orking with a vanadium  steel, 
the sample was weighed out, dissolved and p re
cipitated in 10 minutes, the precipitate washed and 
dissolved in sulfuric acid in 9 minutes more, w hile the 
reduction and titration required a further 12 minutes, 
giving the com pleted determ ination in approxim ately 
'/ ,  hour. B y  operating on a large num ber of samples 
at one time, the determ ination can be made as rapid, 
if not more so, than th at of phosphorus in steels. 
W e have frequently com pleted 20 determ inations in 
less than 7 hours, even while giving much attention 
to uncom pleted details. W ith these worked out the 
method should allow the completion of twice as m any 
determinations in a day.

Manganese ores are readily decomposed w ith  h y 
drogen peroxide in the presence of nitric acid. This 
solution is very  well adapted for the determ ination of 
vanadium ; the insoluble should also be tested.

W hen precipitating vanadium  from a solution 
containing hydrochloric acid and, in general, when the 
volum e of the solution is very  great we recommend 
the addition of 10 grams of solid ammonium nitrate 
for every 100 cc. of solution.

S. SUMMARY.

(1) It was found that vanadic acid m ay be quan
tita tive ly  precipitated b y  ammonium phosphom olyb
date.

(2) The vanadium -bearing phosphom olybdate shows
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different solubility relations compared w ith 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 b y  a variety  of other elements, b y  means 
of ammonium phosphomolybdate.

(4) In order to determine quantitatively  the 
van adic*acid  so jprecip itated, (a) the possibility of 
freeing it from the accom panying m olybdic acid was 
investigated.

(¿>) Conditions for reducing it without reducing the 
associated m olybdic acid were developed.

(c) A  method for reducing it b y  hydrogen, and 
other peroxides and titrating it against perm anganate 
was elaborated.

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

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

A N EW  M ETH OD F O R  T H E  D ETER M IN ATIO N  OF 

V A N A D IU M ; AN E X PLA N A T IO N .

B y  J .  R .  C a i n  a n d  D .  J .  D h m o r e s t .

R cccivcd J a n u a ry  25, 1912.

The discrepancy in results obtained b y  us when 
using manganese dioxide, as mentioned in the paper 
on “ A  New Method for the Determination of V ana
dium ,” page 249, ted us to seek  the cause. W e 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 b y  Mr. 
Cain that Mr. Dem orest’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 b y  
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:

(1) V 20 , +  MnOj =  MnO +  V ,O t
(2) FeO + MnO, «  F eaOs +  MnO

Mr. D cm orest’s reagent had a degree of fineness 
such th at in the brief period of treatm ent the velocity
of reaction ( i)  was inappreciable and reaction (2)
was com pleted; whereas with material of the fineness 
used b y  Mr. Cain both reactions went to completion. 
The securing of such different results merely b y  chang
ing the size of the grain of the reacting solid seems a 
m atter w orthy of further investigation.

T H E  R A P ID  D ETER M IN A TIO N  OF VA N A D IU M  IN S T E E L .
B y F r a n k  G a r r a t t .

Received Dec. 20, 1911.

The writer has for some tim e used the following 
modification of Johnson’s m ethod1 for determining 
vanadium  in steel. Johnson’s procedure is adhered 
to in all respects, except th at the oxidation of the 
chromium and vanadium  in hot, dilute sulfuric acid 
w ith potassium perm anganate is omitted. W ith 
this omission the method is extrem ely 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, b y  adding about 5 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. D ilute 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. 
A dd the potassium ferricvanide indicator, and titrate 
a t once with standard ferrous ammonium sulfate 
solution for the vanadium  value.

A s pointed out b y  Johnson, blanks m ust be run on 
steels of similar composition, and consistent end
points adhered to in the titrations. A s outlined above, 
the determination, even in the case of tungsten steels, 
m ay be completed in 20 minutes. If tungsten is 
absent the filtration m ay, 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 m atter of 
fact, w ithout this oxidation the blanks seem to be 
smaller and more uniform. Carbonaceous m atter 
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 t i
trated, gives the most practical method yet offered 
for the technical determ ination of vanadium  in steel. 
B lair’s m ethod,3 with proper precautions, leaves 
nothing to be desired in the w ay of accuracy, but it 
consumes too much time and care for a busy works 
laboratory. Cain’s method^ is, of course, much shorter 
but it does not offer the advantages in regard to sim 
p licity  and rapidity th at Johnson’s method possesses. 
B lair ’s and Cain’s methods m ay well be considered 
desirable for standardizations and umpire determ i
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 van a
dium steels need not w orry 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 0.90-
6.00 per cent. The presence of chromium offers

1 ‘'Chem ical A nalysis of Special Steels, e tc .,” p. 8.
2 J .  A m . Chem. Soc., 30, 1229.
3 T h is  J ournal , 3, 476.
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no complications, however, sim ply increasing the 
blank to be deducted from the ferrous ammonium 
sulfate used in the final titration.

P e r cent. V.

B y  B la ir’s A dded as
P e r cent. V 

by
Difference 
by  rap id

No. m ethod. N H 4VO3. rap id  m ethod. m ethod.
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 4-0.01
5 0 .89 0 .88 — 0.01
6 1.13 1.13 none
7 1 .27 1.29 4-0 .02
8 1 .31 1 .31 none
9 1.37 1 .37 none

10 4.67 4 .6 8 +  0.01
11 0 .15 0 .1 6 +  0.01
12 0 .5 0 0 .5 0 none
13 1 .00 0 .9 9 — 0.01
14 1.00 0 .98 — 0.02

F i r t h  S t e r l i n g  S t e e l  C o m p a n y , 
M c K e e s p o r t , P a .

T H E  D IR E C T  D E TER M IN A TIO N  OF SM A L L AM OUNTS 
OF PLA TIN U M  IN O R E S AND B U L L IO N .1

J iy  F r e d e r i c  P . D e w e y .

B y  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 b y  a second cupellation and parted in 
nitric acid, the residual metal being again weighed. 
A n y  difference shown between the two weighings is 
assurtied to be, and is called, platinum . Sometimes 
it is so, and if an y considerable amount of platinum 
be present, there will be a decided difference between 
the tw o weighings; but a slight difference is no real 
evidence w hatever of the presence of platinum . On 
the-other hand, the second weight m ay equal or pos
sibly exceed the first, even when traces of platinum  
are present. Again, other members of the platinum 
group m ay go into solution in nitric acid more or 
less. If present, these would be called platinum  
and escape detection. The method does not provide 
an y direct tests w hatever as to the presence or ab
sence of platinum . I t  is often indecisive and some
times gives erroneous results. It  is, therefore, quite 
unsatisfactory.

Being called upon m any 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,3 
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 th at the 
metal weighed m ay be subjected to suitable tests,

1 P resen ted  a t  the  New Y ork  m eeting of th e  A m erican In s titu te  of 
M ining Engineers, F eb rua ry , 1912, an d  pub lished  in  th e  B ulletin  of the 
A m erican In s titu te  of M ining Engineers, April, 1912, Serial No. 64.

2 J .  A m . d ie m . Soc., 31, 323 (1910).

to deterlnine that it i-eally is platinum , and to reveal 
the presence of other members of the platinum  group.

In the regular course of assaying for the jirecious 
metals, gold is parted from silver b y  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 am ount of hydrogen 
sulphide be added to the solution from parting, any 
platinum  present will be precipitated as sulphide, 
along w ith some silver sulphide. On filtering off 
the precipitate (which generally is sufficiently washed 
b y  the operations necessary to transfer it from the 
precipitating dish to the filter), the moist filter is 
transferred to a small porcelain crucible, dried a t a 
low heat, and burned off b y  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 b y  decantation, annealed, and weighed.

Generally, the final metal speaks for itself as being 
platinum, but, if there should be any doubt, it m ay 
be dissolved in a drop or two of aqua regia and gently  
evaporated. The solution obtained m ay be tested 
w ith potassium iodide, or a few small crystals of 
ammonium chloride m ay be added, when the char
acteristic precipitate will show itself. As a further 
test this m ay be filtered off and gently ignited to 
produce spongy platinum. If the amount of the 
final m etal be considerable, the platinum  m ay be 
determined b y  the double-chloride method. A n y 
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 10-20 
parts w ith 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. I t  m ay 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 depends, 
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 30 cc., 
partly  because bullions are liable to carry much more 
platinum than any ordinary ore, and p artly  because 
the volume of the silver nitrate solution from parting 
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 
com fortably. For this reason I seldom use less than 
the equivalent of 1 cc. of strong hydrogen sulphide 
solution.

It m ay happen that the final metal shows the yellow 
color of gold, due to the fact th at 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 treatm ent 
repeated. W hen 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 utm ost satis
faction in determining very  minute amounts of p lati
num in various silver-products directly. Much of 
our silver coinage, for instance, will show a few tenths 
of a milligram of platinum  in 100 g. of coin. R ecently 
I examined samples from two purchases of fine silver. 
V ery 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 rem oved 
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 am ount 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 w ith dilute hydrogen sulphide 
solution, equivalent to about 1 cc. of strong solution, 
and the platinum  parted from the silver b y  strong 
sulphuric acid.

These two samples yielded the following results:

Silver taken . Gold found. 
No, G ram . Milligram.

 1............................  122.32 0.2S
 2............................  125.47 0 .1 2

P la tinum  found. 
Milligram.

0 .67
0 .18

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 th at produced b y  electrolytic re
fining. It is com paratively easy to gather the gold 
from very  large samples of silver, up to 100 g. or more, 
into a decigram of silver, and then part b y  nitric acid 
as usual.

Probably this method of precipitating a noble 
metal in solution, or rem oving it from suspension 
in a liquid, b y  adding hydrogen sulphide in the pres
ence of silver in the solution, could be used to ad van 
tage in determining gold in m etallic copper and 
similar materials.

L a b o r a t o r y , U n i t e d  S t a t e s  M in t  B u r e a u ,
W a s h in g t o n . D .  C.

In case wc have a material containing a considerable 
amount of platinum , the well known fact th at p lati
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 m ust 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.

T H E  D ETER M IN A TIO N  OF M O ISTU R E IN COALS.
B y E . H .  A r c h ib a l d  a n d  J .  N . L a w r e n c e .

R eceived Feb. 7, 1912.

According to the official method for the determ ina
tion of moisture in coal, the sample should be heated 
for one hour, preferably in a double-walled toluene 
bath, at a tem perature of 104-7 °, the loss in w eight 
of the sample being taken as the moisture. I t  is of 
course recognized b y  m any th at the result does not 
necessarily represent the true moisture, b u t the m ag
nitude of the error th at m ay be made b y  following 
these directions does not seem to be appreciated. 
The following experiments were undertaken for the 
purpose of comparing the quantity of moisture which 
m ight be found according to the official method, 
with th at which m ay be taken as representing the 
true moisture and thus ascertaining the m agnitude 
of the errors which m ight be caused b y  oxidation of 
the coal, and evolution of gases a t different tem pera
tures, and the retention of the moisture b y  certain 
coals, which, being very porous, hold the w ater 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. T h at carbon dioxide, oxygen, methane, 
nitrogen, carbon monoxide and ethane are evolved 
from peats and coals when heated, has been shown 
b y  W ebsky,1 VonM eyer,’  Thom as,3 and a num ber 
of other investigators.

Parr and Baker-* h ave' shown th at when coal is 
first mined it evolves hydrocarbons, chiefly methane, 
quite rapidly; but after a period of four months 
scarcely any m ethane is given off. Their data also 
show th at carbon dioxide is evolved especially a t a 
high tem perature, and th at oxygen is continually 
absorbed.

Porter and Ovitzs found th at some coals dried in 
the air a t 1 1 5 0 C. lose appreciable amounts of carbon

■ J .  prakt. Chem.. 92, 76 (1S64).
= Ibid.. 5. 144 (1S72).
=> J .  Chem. Soc., 13, 793 (1S75).
4 U niv. o f III. Eng. E x p . Station , Bull. 32. *
5 J . A m . Chem. Soc., 30, 1486 (190S).
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dioxide, and a great m any take up oxygen. These 
authors have also shown th at the coal absorbs oxygen 
w ithout forming carbon dioxide.

E. E. Somermeier1 has called attention to the 
fact th at lignitic coals give up their moisture more 
slow ly than harder coals.

K e n t1 has suggested heating the coal in an atm os
phere of nitrogen, absorbing the moisture given off 
b y  means of calcium  chloride, and determ ining the 
increase in weight of this drying agent, which should 
represent the true moisture.

N. W . Lord3 notes th at 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 th irty  minutes; further th at 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 b y  Porter and Ovitz-* dealing 
with the subject in hand is most interesting. T h ey 
were especially concerned with the volatile m atter 
evolved  from the coal at tem peratures between 4000 
and i i o o °. T h ey also conducted a series of experi
ments for the purpose of weighing directly the mois
ture driven off from the coal at 1050 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 am ount of carbon 
dioxide is produced b y  drying the Illinois and W y 
oming coals a t 105°, but only slight traces of hydro
carbons or carbon monoxide. Their experiments 
further showed th at oxidation of the coal occurred 
to the extent of 0 .4 -0 .5 % , the am ount of moisture 
obtained b y  absorptions in calcium  chloride being 
greater, in alm ost every case, than the moisture 
determ ined b y  the official method.

The particular purpose of our work was to show 
the effects of heating the coal at different tem pera
tures, for different lengths of time, and the extent 
to  which a soft coal m ust be heated in order to expel 
the moisture. 'A s  will be shown below, the greatest 
•error made in the determ ination of the moisture, 
b y  the official method, is likely to be due, not to 
■oxidation or evolution of gases, b u t 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 
m oisture and carbon dioxide. A fter passing over 
■the coal, this stream, of air was led to tubes containing 
anhydrous calcium  chloride.

The attem pt 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 n o ° ;  there seemed to be 
appreciable am ounts at 120°.

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

1 J .  A m . Cheni. Soc., 28, 1630.
2 "S te am  B oiler E conom y,”  b y  W in. K en t, p . 351.
3 U . S . Geol. Survey  Bull. 323, p. 18.
* J .  A m . Chem. Soc., 30, 1485 (1908).

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 w eigh t’’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 w ater 
and some constituent of the coal oxidized at the 
same time, the change in w eight will be negative or 
positive as the first two effects or the latter are the 
greater.

In m aking the weighings, glass tares were used, 
of very  nearly the same volum e and surface area, 
and containing the same am ount of substance as the 
tubes to be weighed. The weights were carefully 
com pared 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 th at the air or nitrogen used was free from 
moisture, carbon dioxide, oxygen or any harm ful im
purity. These tests alw ays gave very  satisfactory 
results.

The experimental work m ay be classified as follows:
(1) The experiments with bitum inous coal heated 

in a current of air.

(2) The experiments w ith bitum inous coal heated 
in a current of nitrogen.

(3) The- experiments w ith 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 experim ents the coal 
was heated a t four different tem peratures, viz., 75 °, 
100°, 110 °, and 120° starting with a fresh sample of coal 
for each temperature. E ach sample was heated one 
hour, then weighed, heated tw o hours and again 
weighed; while in the case of a few samples the heating 
was continued for two hours and then for one hour. 
A t 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 b y  the letter
G. A  loss in weight b y  L. These letters are in
serted only when the result is different from that 
indicated b y  the.heading of the column.

The results show th at at 750 the loss in weight 
of the coal corresponds very  closely to the moisture 
expelled from the co a l; th at an appreciable amount 
of moisture remained in the coal after the first 
hour of heating; th at practically no unsaturated hydro
carbons were detected.

A t ioo ° the moisture weighed was 0.19%  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 w eight but to m ake up for the loss 
due to the evolution of any gases, which m ust have
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3 1.67 G 0 .05 1 .89 0 .07
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ture as usually carried out, a considerable am ount 
of moisture is left in the coal— at least 10%  of the 
total moisture. If however the tem perature is raised 
until this moisture is expelled, an appreciable amount 
of hydrocarbons in addition to other gases will be 
driven off. O xidation of some constituents of the 
coal takes place causing an increase in weight, which 
m ay be estim ated a t about 0.80% of the weight of 
the coal.

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

T a b l e  II .

taken place to some extent. Our m ethod failed to 
detect any unsaturated hydrocarbons.

A t  i i o °  the moisture weighed was 0 .18 %  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 1000 showing more oxidation. 
Another point worth noting is th at an appreciable 
amount of the moisture remains in the coal after 
the first hour's heating at this tem perature.

The results a t 120° show the moisture weighed to 
be 0 .2 3 %  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 
io o °  a t this tem perature, and we have an appreciable 
am ount 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 10%  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 (0.56%) the weight of unsaturated h ydro
carbons found (0.17% ) giving 0 .7 3 %  of the weight 
of the coal, a value which m ust be low, as we know 
other gases, as well as hydrocarbons, are given off.

The results obtained b y  heating the coal for the 
fourth and fifth hours, and again for the sixth, m ay 
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 am ount of 
hydrocarbons appears to  be given off at 110°. The 
moisture weighed is alm ost negligible even at 75 °. 
All th at can be driven off a t this tem perature dis
appears during the first three hours.

It w ould appear therefore from these experiments 
with the soft coal th at in the determ ination of mois
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1 1.63 0.13 1.40 0 .06
2 1.58 0.08 1.44 0 .2 0
3 1.61 0 .1 0 1 .42 0 .18

Aver.

1

1.61 

1.93

0 .1 0

0.01

1.71 1.42
100°.

1.74

0.15

0 .18

1 .5 7

2 1.89 0 .08 1 .76 0 .0 6
3 1.87 0 .03 1.74 0 .14

Aver. 1 .90 0 .0 4 1.94 1 .75 
110°.

0 .13 1 .88

1 1 .99 G 0 .05 1 .84 0 .0 4
2 1 .87 G 0 .03 1 .82 0 .1 4
3 1 .92 1 .84 0.09

Aver. 1 .93 G 0 .03 1.90 1.83 
120°.

0 .0 9 1.92

1 1 .94 G 0 .01 1.90 0 .23 0. 10 0 .3 6
2 1 .93 G 0 .03 1.90 0 .03 0 .1 0 0 .2 2
3 1.89 G 0.01 1.84 0 .0 9 0 .0 0 0 .03

Aver. 1.92 G 0 .02 1.90 1.88 0 .12 2 .0 0 0 .07 0 .2 0

A t 75 0 the loss in weight of the coal was 0.14%. 
greater than the moisture weighed. A  separate test 
m ade showed th at 0 .0 8%  of carbon dixoide was- 
evolved from this coal when heated.

The results for io o °  show th at the loss in weight 
of the coal during the first hour’s heating was g reater 
b y  0 -15 %  than the moisture weighed. During the 
second and third hours’ heating, however, the mois
ture weighed is greater then the loss in w eight of the 
coal. This suggests the synthesis of some w ater from 
the hydrogen and oxygen in the ooal. A n appreciable 
amount of moisture is left in the coal after the first 
hour’s heating.

The results for n o °  show the same variations 
as those for ioo°. The moisture weighed is still 
less than the loss in weight of the coal, but the d if
ference is now very  small. A t 120° the total mois
ture weighed for three hours is slightly greater than 
the loss in weight of the coal. Doubtless an ap
preciable am ount of gas m ust have been driven off; 
in fact the am ount of heavy hydrocarbons is large 
enough to be detected. Oxidation m ust have taken
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place to a considerable extent. W ater is still retained 
after an hour of heating.

If we assume th at 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:

T a b l e  I I I .
P e r cent.

A t 7 5 ° ........................................................................  8 .72
A t 100°........................................................................  14.84
A t 110°........................................................................  13.44
A t 120“ ........................................................................  10.26

The moisture in the bitum inous coal was also de
term ined at the different tem peratures in the official 
w ay, viz., b y  heating one-gram samples in platinum  
crucibles for one hour. TMe results follow:

T a b l e  I V .

M oisture, 
official m ethod.

T o ta l “ m oisture w eighed”
No. I. No. I I . from  T able  I.

Tem p. P e r  cent. P e r cent. P e r cent.
75° 1.12 1.07 1.64

100° 0 .95 1.01 1.92
110° 1.32 1.39 1.96
120° 1.25 1.29 2 .15
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1 2 .6 0 0 .07 2 .63 0 .07 0 .2 3  none
2 2.57 0 .07 2 .65 2 .64 0 .1 0 2 .72 No de te rm in a

tion.*

1 2 .6 0 0 .03 2 .62 0 .22 0 .1 6  none
2 2 .67 0.03 2.67 2 .7 0 0 .1 9 2 .86 0 .1 4  0 .07

1 2 .6 4 0 .0 4 2 .64 0.31 0.15  0 .07
2 .2.63 0 .03 2 .67 2.63 0 .13 2 .86 0 .1 8  none

1 2.73 G 0.11 2 .6 2 0.11 0 .1 6  0.11
2 2.73 G 0 .06 2.65 2 .66 0 .05 2.72 0 .2 6  none

The carbon dioxide was determined for all the fol
lowing experim ents by. absorbing the gas in potassium  
hydroxide solution. The further determ ination of 
the hydrocarbons was not attem pted. A s heretofore 
the results are percentage values of the original weight 
of coal.

It  is noted th at in the case of both coals the moisture 
weighed is greater than the loss in weight of the coal. 
The w ater is much more easily expelled from the 
anthracite coal, as it is alm ost 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 b y  heating 
the anthracite coal in an atmosphere of nitrogen.

Loss in w eight.

T a b l e  V I .

•a g . s ’ o  o o
*0

P-4

;

M oisture
weighed.

The true moisture in the coal is therefore greater 
than the moisture found b y  the official method b y  
40%  of the total moisture.

I t  appears from Tables I - I V  th at the moisture 
determ ination, as usually carried out, is in error from 
several causes: firstly, as shown in Table III, the value 
is too small b y  14 %  of the moisture, due to an increase 
in weight of the coal, caused probably b y  oxidation, 
which is far from being balanced b y  the loss of oc
cluded gases; and secondly, due to the w ater that 
still remains in the coal, which, considering Table IV, 
amounts to about 26% of the total m oisture; the 
tw o  errors combined am ount to 40%  of the true 
moisture.

W e now come to the experiments with the an
thracite coal. In the first place, we will consider 
the results obtained b y  heating the coal in dry air.

T a b l e  V .

a « 
— >

<33

"rt «
o*c*

2 .77
2 .77  
2 .7 4

2 .84
2 .77
2 .79

2.81
2 .7 6
2.86

2 .85
2 .83
2 .83

0.02
0.01
0 .0 1

0 .03
0 .04
0 .10

75° C.

2 .77

2 .48
2.41
2 .45

100° C.

2 ,83

2.31
2.51
2 .35

0.05
0 .06
0.00

0.00
0.00
0.00

110° C.
2 .64  
2.61
2 .64

120° C.

2 .84

2 .54
2 .45
2 .53

2 .3 9

2 .6 2

2.51

The moisture weighed is appreciably less than the 
loss in weight of the coal. The difference is about 
° - 3 I %> while the carbon dioxide given off according 
to the previous experim ents was 0 .2 3 % . The dif
ference between these values, or 0.08%, 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 am ount of this moisture 
is alm ost the same for 75 0 as for 120°.

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

T a b l e  V I I .

M oisture by  official
m ethod. T o ta l “ m oisture

w eighed”
No. I . No. I I . from  T ab le  V.

Tem p. P e r cent. P e r cen t. P e r cent.
75° 2.37 2.40 2.72

100° 2.30 2.37 2.87
110° 2.39 2.42 2.88
120° 2.40 2.40 2.72

* T are  was broken during  th e  run .

The moisture as found b y  the official m ethod is 
here only from 15 %  to 20% less than the moisture 
weighed.

The bitum inous coal and the anthracite were both
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analyzed for iron, sulfur, volatile m atter and ash. 
The results follow:

T a b l e  V I I I .

B itum inous coal. A nthracite .

E xp. I. E xp . I I .  E xp . I . E xp . I I .
C onstituent. P e r cent. P e r cent. P e r cent. P er cent.

I ro n ................................  0 .6 5  0 .55  0 .4 8  0 .58
Su lfu r.........................  1.02 1.07 1.15 1.18
Vol. m a tte r ..............  32 .49  3 1 .8 0  5 .77  6 .13
A sh .................................  6 .8 3  6 .7 4  8 .37  8 .3 4

W e see from these experiments th at 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 alm ost an equal 
amount in the tw o cases. Rather, the greater oxi
dation must be due to the fact th at 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 
tem peratures are plotted as abscissae and the per 
cent, of moisture as ordinates. The curves of Fig. 
A  represent the results for the bitum inous 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

cally the same for all the different tem peratures, 
the curve being practically a straight line. Curve II 
shows the gradual increase in moisture given off b y  
the coal as the tem perature rises. Iiere too we have 
practically a straight line. Curve III  represents the 
variation in the weight of the bitum inous coal when 
heated for three hours at the different temperatures, 
in nitrogen. For tem peratures 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 tem perature 
when the coal is heated in nitrogen is set forth b y  
Curve IV . The upper portion of the curve lies a little 
below Curve II. This could be accounted for b y  
assuming the synthesis of a small amount of w ater 
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 bitum inous coal. 
Curve I, showing the relationship between the 
change in weight of the coal and the tem perature 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 b y  the coal when heated in air shows 
a m axim um  at about 105° (Curve II). From  Curve 
III we see that there is a continual loss in weight of

the coal when heated in nitrogen, but this is not 
much greater for 120° than for 75 Curve IV  show
ing the moisture weighed a t the different tem peratures 
is more difficult to draw than the others as the results 
are not as regular. O bviously the result for io o °  is 
worthless. However, for the sake of completeness 
the points are indicated.

The above considerations show th at the errors 
made in the determination of moisture b y  the official 
m ethod are much more serious in the case of bitum i
nous coal than for anthracite. The determ ination 
being of little value in the former case, as at present 
carried out, we suggest th at for this class of coals the 
method be modified, and th at the coals be heated in 
a current of dry air a t a tem perature of at least n o ° ,  
the moisture given off being weighed directly after 
absorbing it b y  anhydrous granular calcium  chloride. 
The results for one coal would then be com parable 
w ith those of another while a t present this is not the 
case.

S U M M A R Y .

W e m ay briefly summarize our results as follows:
(1) W hen the determ ination of moisture in coals 

is carried out according to the official method, the 
result is much lower than it should be, the error

2-30
zea.
2 70* 
260  
2-50 
Z40

75° 100°
F iß .B

n o !ZO°

am ounting in the case of some bitum inous coals to- 
40% of the true moisture.

(2) The oxidation of iron or sulfur or both, and 
the non-expulsion of a considerable part of the w ater 
■which probably accounts for the largest errors here 
involved, are much greater in the case of bitum inous 
coal than with anthracite: due on the one hand to 
the moisture remaining in contact wTith the coal a t a 
high tem perature for a much longer time, and fu rth e r  
to the more porous nature of the softer coal.

(3) It  was suggested th at for bitum inous coals the 
method be modified and that the coal be heated in a 
current of dry air at a tem perature of a t least n o ° ,  
the moisture given off being weighed directly, a fte r  
absorbing it in anhydrous calcium chloride.

C h e m ic a l  L a b o r a t o r y ,
S y r a c u s e  U n i v e r s it y .

A M ETH O D  F O R  T H E  U T IL IZA T IO N  OF LE A D  FU R N A C E - 
FUM E.

B y L . S . H u g h e s .

Received Dec. 18, 1911.

A  large item of expense in the operation of lead 
sm elting plants is the treatm ent of furnace fume. 
W here the so-called “ open-hearth” furnaces are em
ployed this by-product frequently amounts to more 
than tw en ty per cent, of the total ore charge and.
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carries approxim ately th at proportion of the original 
m etallic 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 b y  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 cham ber and is allowed to accum u
late there until it is several feet in depth. The pile 
is then set on fire and slow ly 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 system s are used so th at an y one 
m ay be cut off whenever it is necessary to burn the 
fume therein. W hen it is finished the fume is con
verted into a whitish cinder of approxim ately the 
following composition.

P e r cent.
Lead su lfa te ................................................................... 55
Lead m onoxide............................................................  44
Zinc oxide......................................................................  1
Ferric  ox ide ....................................................................... 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.

H itherto no better means of disposing of the burned 
fume has been devised than th at of using it as a 
sm elting m aterial: most com monly b y  reduction in 
a blast furnace, but occasionally in an open-hearth 
furnace. A ttem pts have been made to use the un- 
bum ed fume as a pigm ent and there is a small m arket 
for it in the paint trade, but its variable color and 
certain difficulties in its manipulation sharply lim it 
the demand and the total tonnage thus consumed 
is too small to affect the problem.

The rem arkable freedom of the fume from non
volatile impurities and the fact th at it represents a 
m ixture of almost absolutely pure oxidized lead com
pounds after burning, presented it as a promising 
raw  m aterial for conversion into lead compounds, 
bu t the problem proved b y  no means easy of solution.

A n exam ination of the literature disclosed several 
processes devised for the conversion of le id  sulfate 
into other compounds in the w et wray. Some of 
these were m anifestly worthless from a commercial 
standpoint as the inventors had proceeded w ith a 
reckless disregard of the cost of reagents: others, 
which appeared to be conceived in a spirit of prac
ticality , were carefully checked experim entally.

W hile it was desired to find a plan which would 
yield  a product of lead oxide or hydrate, compounds 
not only m erchantable per se, but readily convertible 
b y  ordinary processes into an indefinite num ber of 
compounds, methods for the direct conversion of 
the sulfate or sulfate-cohtaining m ixture into com 

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 b y  
experiment, and the statem ents published. Even 
where the methods had been the basis for patents, 
instances were found which strongly indicated th at 
the claim ants had neglected empirical verification 
of their ideas.

A ttem pts were made to convert the pulverized 
cinder directly into lead chrom ate b y  treatm ent 
w ith a soluble chromate, b u t 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 prelim inary 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 exam ination of the digested fume was 
made, and this showed plainly th at the residual sul
fate was encysted b y  crusts of hydrate, the com plex 
■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 com plete conversion and the 
em ploym ent 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 em ployed but for com mercial 
application it was m anifestly necessary th at the treat
ment be system atized 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 b y  adding it in dry form its 
heat of solution w ithin the mill obviated an y necessity 
for the em ploym ent 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 w ater was propor
tionately reduced. A  m echanical 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 b y  hand. From  a practical standpoint it 
was impossible to remove it b y  solution of the sodium 
sulfate b y  treatm ent w ith water, for the cake w as 
alm ost impermeable b y  water. I t  was noted that 
this solidifying action did not take place so long as 
the mill was in motion, but im m ediately after it cam e 
to rest the setting occurred. Repeated efforts were 
made to introduce w ater im m ediately after grinding 
had stopped, but in every instance the “ setting”  had 
taken place.

The solution of this difficulty was effected b y  intro
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ducing a new pattern in double cone ball-mills which 
perm itted of the introduction of w ater and washing 
out of the chargc w ithout stopping the mill. The 
body of the mill was of the fam iliar typ e em ployed 
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. A fter 
conversion was completed a jet of w ater 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 b y  no possibility could 
any portion of the charge escape from the mill before 
it was reduced to extreme fineness.

W ashing was effected b y  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 va t and 
treated with the theoretical amount of acetic or 
nitric acid required for its conversion into a basic 
salt; w ater was added and the necessary solution 
of an alkaline chrom ate or bichromate. The extrem e 
reactivity  of the hydrate enabled the conversion to 
be effected without heating and w ith no more than 
the theoretical am ount of acid.

For the production of oxides the hydrate was 
pumped into a filter press and the cakes fum aced 
without previous drying.

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

O ther instances of easily obtainable compounds m ight 
be cited but the possibilities of lead hydrate are manifest.

While the method offers absolutely nothing new 
from a chem ical standpoint, it promises to have a 
very considerable influence upon the lead pigment 
business on account of the great econom y over present 
methods which it entails. The degree of saving 
effected b y  xising a by-product such as “ blue fum e" 
and thus saving both the sm elting cost of producing 
pig  lead and the additional cost of fum acing the pig 
lead to litharge and pulverizing the litharge is ap
parent from  the following tables:

The. cost o f producing chrom e b y  present methods 
varies som ewhat according to the m arket rates for 
litharge, acetic acid, nitric acid and sodium  bichro
m ate: the following figures represent usual costs in 
m anufacturing on a large scale:

© w it cxkt.

............
H  yvx tiA R  ac'cSsc: A t i  c
ivcT>4  iwxS'hrca At $ *;

i ...s..... ... .-.v.......... .
\V*tcr wad f a d L  .

pK'lsas_

SSL 23

To this must be added freight and selling expense. 
These figures are based on good practice w ithout 

waste. Most manufacturers com pute their cost of 
production a t from $8.so-S8.75. For small pro
ducers who have to bu y in small lots and a t higher 
prices the cost is much higher.

CO ST O F P R O D U C IN G  C H R O M E  U N D E R  N E W  P R O C E S S .

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

11 pounds caustic  soda a t  2 c ......................................  $0 .22
80 pounds b u rned  fum e a t  2 K  c ................................ 2 .0 0
29 pounds 56%  acetic  acid a t  3 XA  c .......................... 1.38
46 pounds sodium  b ichrom ate  a t  5 K  c ..................... 2 .53
L ab o r.....................................................................................  0 .25
W ate r and  fu e l................................................................... 0 .05
Packages and  p ack ing .....................................................  0 .25

$6.68

To this m ust be added freight and selling expense.
It  will be observed th at less acid is used than in 

the former statem ent. This is because of the much 
greater reactivity  of lead hydrate as compared with 
litharge. The burned fume is valueless except as a 
sm elting m aterial: its value is therefore the value of 
the m etal which can be recovered from it, less the 
smelting cost and freight.

A  M ETHOD FO R  TESTING  OUT PR O B LE M S IN A C ID  
PH O SPH A TE M A N U F A C T U R E .1

B y  F . B. P o r t e r .

R eceived Jan . 12, 1912.

The process of m anufacturing acid phosphate is, 
like m any other factor}’' processes, very  hard to carry 
out on a laboratory scale. The w riter has a t various 
tim es made attem pts to . do this on iooo or more 
gram s of rock dust.

It  has so far been practically  impossible to stir 
sufficiently and control the tem perature well enough 
with the lim ited apparatus available to get satis- 
factor}.* results.

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

The following is the m ethod in detail : W eigh
1 .100 gram s of rock dust into a 5 ' X 5/," test tube, 
add the quantity  of acid required from a  small bore 
i cc. Mohr’s pipette, allowing the pipette to run 
em pty and draining for a  definite length of time 
(1 minute).

The acid required and used is determ ined b y  ti
trating amounts delivered in the same w ay w ith half
normal alkali.

Stir the acid and rock together for 3 minutes, being 
careful to see that the dust is all w etted b y  the acid 
in the first half-m inute of the stirring period. The 
test tubes thus prepared, w ithout rem oving the stir-

1 Presestevi a t  t i e  fo rty -fifth  m eeting, A m e rio a  Chem ical Soc ie ty , 
lOectrabíT, 1911,

2.53
0.25
0.05
0 .2 5
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ring rod, are then held at any tem perature for any
tim e desired.

The resulting acid phosphate is transferred to a 
9 cm. filter paper w ith w ater and the citrate-insoluble 
phosphoric acid determined b y  the Official Method. 
Page 3, Bull. 107, Rev. Bureau of Chem.

A t first this m ethod gave occasional erratic results 
but w ith practice and care we are now able to get 
results agreeing practically  within the lim it of error 
of the citrate-insoluble method. The results used 
in this kind of work are averages of three and in 
m ost cases four separate analyses. In this w ay 
accurate reliable results are obtained.

This m ethod has m any advantages over one using 
larger quantities of rock. Three of these are:

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

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

3rd. A  large num ber of these tests can be made 
in the tim e required for one b y  any other method 
known to the writer.

L a b o r a t o r y , S w i f t  F e r t i l i z e r  W o r k s ,
A t l a n t a , G a .

ON T H E  D ETER M IN ATIO N  OF C A R B O N  D IO X ID E  IN 
SOILS.

B y  L e o n  T. B o w s e r .

R eceived O ctober 26, 1911.

Up to a com paratively recent tim e no m ethod 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 m atter of testing the applica
b ility  of the .Knorr method, and in 1909 a still larger 
am ount of cooperative work was done. The results 
of the work will presently be presented in tabular 
form.

The m ethod outlined in the author’s previous paper1 
having been found to yield good results w ith materials 
containing a  large percentage of carbon dioxide, it 
remained to be seen whether it w ould be as satisfactory 
in cases where the percentage is sm all. A s a prelim inary, 
tw o determ inations were made in a sort of artificial 
soil containing a known am ount of carbon dioxide. 
A  very  pure sea sand was ignited for some tim e to 
remove all organic m atter and decompose such calcium  
carbonate as m ight 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 g ive exactly  0.05 per cent. 
COj. A  blank determ ination was first m ade 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 C0 2 calculated from the difference. The 
determ inations gave 0.043 ancl 0-048 per cent. CO „ 
an average of 0.0455 as against the 0.05 per cent, 
actually  present, which seemed very  satisfactory.

1 T h i s  J o u r n a l , 4 ,  2 0 3 - 2 0 5  ( M a r c h ,  1 9 1 2 ) .

There was available a considerable quantity of each 
of the two samples for the 1909 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 tw o methods. 
Pour determinations were accordingly m ade on each 
of the two soils, under conditions parallel to those 
used b y  the A. O. A. C. workers, and the results are 
presented in Table I, accompanied b y  the Association 
results on the same.

T a b l e  I .

Soil 1.
K norr m ethod. A nalyst. V olu

m etric
m ethod.1. 2. 3. 4. 5. 6. 7.

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 0.085
0.073

Av. 0 .070 0.083 0.073 0.092 0.086 0.079 0.077 0.079
G eneral av. 0.078

Soil 2.
A nalyst.

1.

0.027
0.028
0.031
0.024
0.027

2 .
0.027
0.035
0.028
0.035

3.
0.023
0 .021
0.023
0.020
0.022

4.
0.027 0.027

0.027
0.030

6.
0.036
0 .036
0.030

Av. 0 .027 0.031 0*022 0.027 0 .028 0 .034
G eneral av. 0.028

Com parison of Averages. 
Soil 1.

7.
0 .026
0.025

0.025

0.026
0.031
0.031
0.026

0.028

A. O. A. C..................... 0 .078
V olum etric .................... 0.079

Soil 2. 
0 .028  
0.028

The averages given in the Association report are: 
No. i ,  0.081 per cent.; No. 2, 0.027 Per cent. C 0 2, 
b u t 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 th at the aver
ages are near the truth. The agreem ent between 
these revised averages and the ones obtained b y  the 
volum etric m ethod is rem arkably close, and shows 
th at the latter is thoroughly reliable. On the score 
of consistent results, the volum etric m ethod is superior 
to the gravim etric. Thus on Soil 1 the A. O. A . C. 
results range from 0.065 to 0.092, a variation of 0.027 
per cent., while the volum etric results range from 
0.075 to 0.084, a- variation of 0.009 Per cent., or just 
one-third of the former. On Soil 2, the A . O. A . C. 
results run from 0.020 to 0.036, a variation of 0.0x6 
per cent., as against 0.026 to 0.031, a variation of 
0.005 Per cent, for the volum etric, which, as with 
Soil 1, is practically  one-third as great a difference.

The method followed -was as outlined in the pre
ceding paper,1 and in each case 10 gram s of soil were 
taken. Soils containing 0.1 per cent, or less of CO, 
require for titration an acid of strength n ot exceeding 
N /50, since when stronger acids are used the evolved 
COj is equivalent to b u t a fraction of one cc., and too

1 T h i s  J o u r n a l , 4 ,  2 0 3 .
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great an error is thus introduced. Occasion m ay 
even arise where a centinormal acid is demanded, 
although the writer has never encountered such a case. 
Even with N/50  acid a considerable am ount of care 
is necessary in observing end points, and the use of 
comparison solutions is advisable.

There are m any ways in which this m ethod 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 sm oothly 
and uniformly. Also, the vigorous boiling possible 
in this form of apparatus insures a thorough and 
constant stirring up of the sample, w ith consequent 
com plete decomposition of the carbonates. One 
precaution which m ust 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 w ith 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 II, where three independent analysts 
have obtained results decidedly similar.

T a b l e  11. 

Soil 1 . Soil 2.

A nalyst 6 ................
A nalyst 7 ................
A. O. A. C. A v .. . .  
L. T . B ow ser.........

50 35
gnis. gins. 
0 .065

0.061

10
gms.

0.078
0.079

50
gins.
0.021

0.025

40
gnis.

20
gras.

10
gnis.

0 .025 0.0225
0.028
0.028

An investigation into the causes of this behavior 
m ight 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. I t  is 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 m ake it of great service 
in the analysis of soils.

In conclusion, the w riter desires to acknowledge 
his indebtedness for m any favors to Mr. J. W. Ames, 
of the Ohio Agricultural Experim ent Station, Mr. 
W . F. Pate, formerly of the same place, and Dr. 
A. M. Peter, of the K en tu cky Station.

T H E  PHENOMENON OF T H E  A PPA R EN T  D ISA PPEA R A N CE 
OF T H E  H IG H E R  BOILING PH ENO LS IN 

C R E 0 S0 TED  W OOD AND ITS 
EX PLA N A TIO N .
B y S a m u e l  C a b o t .

Received J an u a ry  18, 1912.

One of the m ysteries of the chem istry of wood 
preservation is the apparent disappearance of the

phenols from tim ber impregnated with coal tar creo
sote. The generally accepted explanation has been 
th at 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 com plex members 
of the series. Some of those found in creosote are 
non-volatile w ithout decomposition under ordinary 
pressure and have been carried over into the distillate 
b y  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 th ey have been so altered in 
the process of tim e th at they no longer can be found 
b y  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. I t  changed w ith con
siderable rapid ity  from a clear reddish color to a 
brownish black. The same oil w ith the phenols 
removed changed very  slightly.

On extracting the tar acids from the blackened oil 
in the ordinary w ay  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 m atter the 
results showed phenols, 6.77 per cent.; tarry  m atter, 
0.47 per cent. The original freshly distilled clear 
oil when shaken w ith caustic soda precipitated no 
tarry material.

In the next tests some high-boiling tar acids were 
exposed on a w atch glass for six months. The original 
phenols were entirely soluble in benzole. Those 
th at had been exposed to the air, however, were 
only partially  so, though readily soluble in acetone.- 
A  portion of th at soluble in benzole was re-exposed 
for a period of tw o months. Again it becam e p artia lly  
insoluble. The rest was anatyzed for phenols in 
the usual w ay. It  precipitated a tarry layer with 
caustic soda equal to 53%  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 th at 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. A fter 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 com pletely reprecipitated by 
the alkali. The remainder which is insoluble in either 
w ater or benzole is not changed in this respect by 
neutralizing w ith 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 10 per cent, alkali solution, but 
soluble as an alkali salt in water. (2) Being further 
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 b y  the 
unchanged and partially  changed phenols. The origi
nal tarry  m atter on being heated cokes v e ry  easily, 
losing only about 15 per. cent, of its weight.

The methods used to extract the oil from impreg
nated tim ber for analysis have been, so far as I have 
been able to find out, to treat (1) w ith benzole, (2) with 
toluole, (3) w ith ether, and (4) with absolute alcohol.

I t  will be noted th at 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 b y  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 1911. T w en ty  grams of this wood com pletely 
extracted  w ith benzole gave 0.78 gram  of oil. This 
was redissolved in benzole and extracted  w ith caustic 
soda. I t  gave a trace of phenols and 0.014 gram  of 
tarry  m atter, or about r.8 per cent, on the oil. The 
wood was then extracted with acetone. It  gave
0.63 gram  of a black, p itch y 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. I t  was sharp to the taste, 
resembling coal tar. On heating, it gave off a small 
am ount 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 am ount of resin dissolved from 
the wood.

The above experiments seem to show that the higher 
coal tar phenols will not vo latilize , from creosoted 
wood, but remain as more com plex oxidation prod
ucts insoluble and non-volatile in character and 
presum ably w ith good antiseptic qualities, though 
whether these have been impaired or improved b y  
the change is yet to be determined. A t  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, nam ely, non-vola- 
tility , antiseptic qualities and insolubility.

L a b o r a t o r y ,
S a m u e l  C a b o t , I n c .,

B o s t o n .

another, has called forth m any attem pts to detect 
such practices in recent years. In m any instances 
the chemical properties of the tw o oils so closely 
approxim ate each other th at the ordinary commercial 
methods of analysis fail to distinguish either in a 
m ixture of the two. Thus, it  is known th at dogfish 
liver oil m ay be offered as a substitute for cod liver 

. oil w ithout danger of discovery, especially when the 
oils are refined. Ordinary cod oil, \ised to a large 
extent for such purposes as currying, frequently con
sists of nothing b u t dogfish, shark, hake, or polluck 
oil. Menhaden oil is often used to replace whale 
and cod oils.

In order to definitely establish the fact th at a cer
tain sample of oil is a m ixture, a great num ber of 
tests m ust be made, and, of course, these are of value 
only as th ey 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 m any conflicting and erroneous conclu
sions have been drawn w ith respect to the connection

T H E  F L U ID IT Y  OF FISH  OIL M IX TU R ES AS AN 
A D D IT IV E  P R O P E R T Y .

B y G e o r g e  F . W h i t e .

Received D ecem ber 4, 1911.

The increasing adulteration of vegetable oils b y  
fish oils as well as the substitution of one fish oil b y

betw een.th is physical property and the composition 
of the oil investigated. Thus Kessler and M athiason,1 
in a paper “ On the Interpolation Method of Oil 
A nalysis,”  in discussing the properties of oil m ixtures, 
s£ate th at “ neither the viscosity nor the fluidity 
of such solutions are necessarily additive, even though 
there is no evidence to indicate th at either chemical 
or m olecular compounds are form ed.”  This state
ment is directly contrary to the view s of Bingham 2 
who believes that the fluidity of a m ixture of two 
liquids, which do not react chem ically w ith each other, 
is the sum of the partial fluidities of the components.

The object of this investigation was to  test the 
above theory b y  m ixing various fish oils w ith each 
other in definite proportions b y  w eight and studying

1 T h is  J o u r n a l , 3 , 6 6  (1911). '
2 Z. physik. Chem., 66 1 (1909).
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Specific-gravity determinations of the pure oils were 
made in a pycnom eter, no measurements being taken 
on the m ixtures as the densities of these are nearly 
enough additive to allow proper calculation of the

vd
small kinetic energy correction -—  in the following

OTZtl
formula, used to obtain the viscosity values

canis) liver oils were extracted from fish obtained 
a t W oods Hole according to the previously described 
method. The m ixtures were made up b y  weight 
and allowed to stand at least tw enty-four hours before 
analysis, to secure com plete homogeneity. Following 
is a table giving a  few of the common constants ob
tained, the saponification and acid numbers being 
expressed as the num ber of milligrams of potassium 
hydroxide required for one gram of oil.

T a b l e  I .

Oil. Cod liver. J W hale. M enhaden. Dogfish liver.
Iod ine No. (I liib l)   1 4 2 .6 0  1 5 6 .6 0  1 2 8 .1 0  1 3 5 .9 0
Saponification N o  1 8 5 .SO 1 9 2 .8 0  1 6 .2 6  1 9 3 .0 0
Acid N o.............................  1 .8 2  6 . 6 0  6 . 8 3  0 .9 4

In the tables below are given the results of viscosity 
determinations expressed in absolute units, together 
w ith the fluidity calculated from the average viscosity.

tw o 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„  37, 4 S 2  ( 1 9 1 1 ) ;  T h i s  J o u r n a l , 4 , 106 (1 9 1 2 ) .
2 Phil. Trans.. 185A, 3 0 7  (1 8 9 4 ).
s J .  A m . Chem. Soc.. 3 3 ,  1 257  (1 9 1 1 ).
4 See N ote 2.
5 T h i s  J o u r n a l , 4, 1 0 6 -1 0 7  (1 9 1 2 ) .

■q is the viscosity, I the length and r the radius of the 
capillary tube, d the density of the oil, and v the volum e 
of oil passing through the tube; p is the pressure to 
which the oil is subjected, and t is the tim e of flow.

•  T a b l e  I I . — C o d ’ L i v e r  O i l .

Viscosity.
Tem p.

Degrees. R t. limb. L . limb. g. Av. F lu id ity . Sp. gr.
30 0.3886 0.3882 0.3884 2.575 0.9277
50 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

an y relations between composition and viscosity 
or fluidity'w hich m ight become evident.

The correct relationship between viscosity and 
composition can be established only b y  use of a vis- 
cosimeter which shall be accurate to at least one

per cent. The varioxts in stilm en ts in use have been 
criticized in previous articles1 and it is not necessary 
a t this tim e to review their faults. The viscosimeters 
devised b y  Thorpe and Rodger,2 b y  Bingham  and 
White,J and the modification of these latter described 
b y  the author of this article4 all seem well suited to 
the problem mentioned, as they all give results which 
probably m ay be relied upon as having less than 
o.2 per cent, error. The viscosim eter used in a study 
of the viscosity of fish oils recently describeds was 
used to measure the viscosity of the fish oil m ixtures, 
since the time required for a determination (from

■+
C u r f v s s  

9  o  *
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T a b l e  I I I -  

V iscosity.

-D o g f is h  L iv e r  O i l . T a b l e  V III  (Continued). 

Viscosity.
Tem p. t r.......... 1 emp.

Degrees. R t. lim b. L. lim b. A v. F lu id ity . Sp. gr. Degrees. R t. limb. L. limb. Av. F lu id ity .

30 0.4319 0.4319 0.4319 2.315 0.9185 25 P er cent. W hale.
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
T a b l e  IV .—M e n h a d e n  O i l . 50 P e r cent. W hale.

30 0.6012 0.6025 0 .6019 1.661 0.9371 30 0.3686 0.3689 0.3688 2.711

50 0.2936 0.2938 0 .2935 3.407 0.9234 50 0.1898 0.1894 0.1896 5.274

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 0.07491 0.07493 13.340
75 P er cent. W hale.

T a b l e V.— W h a l e O i l . 30 0.3598 0.3596 0.3597 2.780
50 0.1863 0.1865 0.1864 5.365

30 0.3493 0.3477 0.3485 2.869 0.9192 70 0.1120 0.1115 0.1118 8.945
50 0.1819 0.1824 0.1822 5.489 0.9063 90 0.07480 0.07468 0.07474 13.380
70 0.1103 0.1099 0.1101 9.090 0.8912
90 0.07243 0.07238 0.07241 13.810 0.8782 The results are shown graphically in Figs. i -

T a d l e  V I.— M e n h a d e n -C o d  L i v e r  O i l  M i x t u r e s . 

Viscosity.
Tem p.

Degrees. R t. limb. L. limb. Av. F lu id ity .

30 0.3904
1 P e r cent. M enhaden.

0 .3900 0.3902 2.563
50 0.2006 0.2008 0.2007 4.9S3
70 0.1199 0.1198 0 .1199 8.340
90 0.07878 0.07895 0.07887 12.680

30 0.4284
25 P e r cent. M enhaden.

0 .4300 0.4292 2.330
50 0.2223 0.2223 0.2223 4.482
70 0.1295 0.1297 0.1296 7.716
90 0.08429 0.08429 0.08429 11 .S60

30 0.4765
50 P e r cent. M enhaden.

0 .4760 0.4763 2.099
50 0.2394 0.2398 0.2392 4.181
70 0.1405 0.1405 0.1405 7.117
90 0.09118 0.09126 0.09122 10.960

30 0.5331
75 P e r cent. M enhaden.

0 .5358 0 .5344 1.871
50 0.2657 0.2646 0.2652 3.771
70 0.1535 0.1532 • 0.1534 6.519
90 0.09959 0.09943 0.09951 10.050

T a b l e  V II.— D o g f is h  L i v e r -Co d  L i v e r  O i l  M ix t u r e s . 

Viscosity.
Tem p. -------------------

Degrees. R t. limb. L .  limb. Av. F lu id ity .
1 P e r cent. Dogfish.

30 0.3893 0.3903 0.3898 2.569
50 0.2004 0.2005 0.2005 4.987
70 0.1188 0.1188 0.1188 8.417
90 0.07904 0.07879 0.07892 12.670

25 P e r cent. Dogfish.
30 0.3995 0.3996 . 0.3996 2.502
50 0.2037 0.2033 0.2035 4 .914
70 0.1209 0.1211 0.1210 8.264
90 0.08000 0.08022 0.08011 12.480

50 P e r cent. Dogfish.
30 0.4075 0.4090 0.40S2 2.450
50 0.2060 0.2059 0.2060. 4 .854
70 0.1249 0.1247 0.1248 8.013
90 0.08114 0.08132 0.08123 12.310

75 P e r cent. Dogfish.
30 0.4187 0.4203 0.4195 2.384
50 0.2099 0.2101 0.2100 4.762
70 0.1227 0.1224 0.1226 8.157
90 0.08146 0.08156 0.08151 12.270

T a b l e  V III .-—W h a l e -Co d  L i v e r O i l  M i x t u r e s .

Viscosity.
Tem p.

Degrees. R t. limb. L . lim b. Av. Fluid ity .
1 P e r cent. W hale.

30 0.3883 0.3852 0.3868 2.585
50 0.1995 0.1994 0.1995 5.013
70 0.1189 0.1187 0.1188 8.417
90 0.07855 0.07845 0.07850 12.740

In Figs. 1-4, fluidities of the oils are plotted as ordi
nates against composition of the m ixtures as abscissas, 
the abscissas reading in percentages of cod oil; the 
four plots are taken from the fluidity readings at 
30 °, 50°, 70 °, and 90 respectively.

The fluidity curves are seen to be linear, and con
sequently it m ust be concluded that the fluidities 
of these oil m ixtures are strictly  additive over the 
range of tem perature studied. According to w hat 
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 article1 that these oils are slightly associated, 
the fluidity-tem perature curve not being a straight 
line; b u t 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 m ix
ture of two oils is measured, and that of the constitu
ents is known, the composition of the m ixture m ay be 
calculated. I t  has been shown3 th at 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 know l
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 w ith the results of 
other tests sim ultaneously applied, it furnishes addi
tional evidence concerning the character of the oil 
studied.

The m ixtures 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 b y  the vis- 
cosimeter used, and • the fluidity of these m ixtures 
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 
m ixtures deviates m arkedly from a  straight line, th at 
for the dogfish-cod m ixtures less so, while the viscosity

1 T h i s  J o u r n a l , 4 , 10 9  ( 1 9 1 2 ) .
2 -Ibid.
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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, anrô 
we should expect th at curve to evidence the greatest 
curvature. These facts coincide with the following 
m athem atical deduction of the relation between 
fluidity and composition suggested by Bingham.

Since the fluidity is a linear function of the compo
sition, this m ay be expressed b y  the formula

<? = ?i + (?! —  <?■)* C1)
where 9 represents the fluidity of the m ixture, 9, 
and 9, that of the two components, the latter being 
supposed to be the more fluid, and x  the percentage 
of the latter in the m ixture. The corresponding 
viscosity equation is

-¡■h “  ?t +  (?2 —  ?.)*- 
where 91 and 9, are constants and tj and x  are variable, 
or

71 =  1 /<?i +  (?j
The curvature is therefore

? i ) * ‘

K —
{ [ ? !  +  (<?i —  V i ) * } '  +  (?J  —  ? l ) 3

( 2 )

(3)

(4 )

V 2
(5)

T h at the curvature is greatest when the viscosities 
are great has also been observed in the measurements 
of the viscosity of undercooled1 and other very viscous 
liquids. I t  has caused some bewilderment, but we 
believe that the cause of this peculiarity has never 
before been given. The conclusion th at the curvature 
is not uniform, is also clearly shown in the case of 
very  viscous liquids. It is not shown very  well b y  
the curves which are given in this paper because the 
fluidities of the components 'are not sufficiently un
equal.

B y  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 m aximum to be

_ \/?2 —  9, —  9,

?2 —  ?l

Substituting this value in equation (3), one obtains 
the amount of curvature where the curvature is a 
m aximum to be

It  follows, therefore, as a necessary consequence of 
the assumption th at fluidities are additive that:
1. The curvature obtained b y  plotting viscosities 
is greatest when the difference between the fluidities,
i. e., 92 —  9P is large, and becomes zero when 9, —  9, = 
o [cp. equation (5)].

2. The curvature obtained by plotting viscosities 
must continually decrease as the concentration in
creases unless the square root of o2 —  <?i is greater 
than 9„ in which case the point of greatest curvature 
will be found at some positive concentration [cp. 
equation (4)].

3. M athem atically considered the curvature is de
pendent only upon the difference in the fluidities of 
the components, i .  <?., 9, —  <f1 and not upon 9, [cp. 
equation (5)]. b u t since we can only realize positive 
values of x, it follows that for a given value of 92 —  9, 
the curvature at any concentration will be greatest 
when 9, is very  small.

T h at the curvaturc is greatest when the fluidities 
are quite unequal has already been noted b y  observers.1

1 Thorpe and  Rodger, J .  Chcm. Soc. (.London), 71 ,361 (1896). B ingham , 
A m . Chan. J .,  35, 195 (1906).

In conclusion, it is possible th at the fluidities and 
viscosities of oil m ixtures may be sim ultaneously 
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 m y gratitude to Dr. Eugene C. 
Bingham  for valuable suggestions w ith regard to this 
investigation.

L a b o r a t o r ie s  o p  R ic h m o n d  C o l l e g e ,
R ic h m o n d . V a ., a n d  U . S. B u r e a u  o f  F i s h e r i e s , •

W o o d s  H o l e , M a s s .

C O M PA R A T IV E  V A L U E  OF IR R IG A T E D  AND D R Y - 
FARM IN G  W H E A T  FO R  FLO U R  PR O D U CTIO N .

B y  R o b e r t  S t e w a r t  a n d  C. T. H i r s t .

R eceived Nov. 10, 1911.

The Chemical D epartm ent of the U tah Experim ent 
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-farm ing con
ditions. A  great m any varieties of wheat have been

1 T aram ann, Z . physik . Chem., 28, 17 (1898).
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investigated, m any of which were imported from 
different sections of the country. The dry-farm ing 
varieties of w heat have been grown on the several 
experim ental dry farms, while the irrigated varieties 
have been grown on the irrigated farm  located in the 
Cache V alley  at Greenville.

In 1908, a prelim inary report of these investigations 
was published.1 Some very  im portant results were 
obtained. I t  was found th at the dry-farm ing wheats, 
were characterized b y  a low moisture and a high 
protein content. The fact that dry-farm ing 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 w heat having the 
lower moisture content of higher intrinsic value. 
I t  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., whilp 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. I t  was found, however, 
th at in m any 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 w heat tested; 
second, the farmers were not united on any one par
ticular variety  of w heat or any few varieties, but 
each farmer was governed in his choice of the variety  
b y  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 b y  the farmers for bread-m aking 
purposes, and it also clearly dem onstrated 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 this bulletin, the work has been 
continued and the summarized results obtained b y  the 
three-year investigations, 1907—8-9, are given herewith.

The summarized results for the yield of milling 
products of spring and winter dry-farm ing and irri
gated wheat during the years 1907-8-9 are recorded 
in Table I."

T a h l e  I . — S u m m a r iz e d  R e s u l t s  f o r  Y ie l d  o f  M il l i n g  P r o d u c t s .
R e s u l t s  R e c o r d e d  a s  P e r  C e n t , o f  D r y  W e i g h t .

o o
w

*3 
F¿2 « o £ d

8 $ M o 2
H £ Ui pa

Irrig a ted  w heat, 25" w a ter  10 4 .008  68 .08  23.39
Irrig a ted  w heat, 15" w a ter  10 4 .065  69 .24  22 .94
N o irrigation2................   10 3 .5 6 9  67 ,88  24 .75
W in ter d ry -farm  w h ea t  136 3 .004  69.21 22.45
Spring  d ry -farm  w h eat  17 3 .106  66 .09  20 .95  12.13 — 0.83

1 S tew art and  G reaves, Bull. 103, U ta h  E xperim en t S ta tion .
2 W h ea t grown on irrigated, land  b u t receiving no irrigation  w a ter 

during  th e  growing season; used as a  check on application  of vary ing  
am ounts of w ater.

The weight per 100 kernels of the irrigated w heat 
is greater than th at of either the spring or winter 
dry-farm ing 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.

T a b l e  I I .— S u m m a r iz e d  R e s u l t s  f o r  M o i s t u r e  i n  F l o u r , W h e a t , 
S h o r t s  a n d  B r a n .

T ests. Flour. W heat. Shorts. B ran.
Irrig a te d  w heat, 25 inches w a te r .. . . 10 10.41 8 .46 9.41 8 .5 4
Irrig a te d  w heat, 15 inches w a te r . . 10 10.41 8 .5 0 9 .3 6 8 .36
N o irriga tion ......................................... 10 10.43 8 .4 4 9.35 7 .68
W in ter dry-farm  w h e at.................... 136 9 .89 8.11 9.23 8 .7 4
Spring dry-farm  w h eat..................... 19 10.29 8.12 9 .85 8.75

The moisture content is low in every case. The
m oisture content of the irrigated wheat is higher 
than' th at of the dry-farm  wheat. The moisture 
content of the bran is practically the same as th at 
of the wheat. The moisture content of the flour is 
about two per cent, higher than th at of the wheat, 
while th at 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.

T a b l e  I I I . — S u m m a r iz e d  R e s u l t s  f o r  P r o t e in  i n  F l o u r , W h e a t , 
S h o r t s  a n d  B r a n .

Tests. Flour. W heat. Shorts. B ran .

Ir rig a ted  w heat, 25 inches w a te r . . 10 12.63 14.00 16.40 18..87
Irrig a ted  w heat, 15 inches w a te r . . 10 12.92 14.35 16.89 18..66
N o irriga tion ......................................... 10 13.62 15.45 17.67 19 .32
W in ter d ry-farm  w h eat.................... 136 14.64 15.76 18.27 20..87
Spring  dry-farm  w heat..................... 19 15.74 16.85 19.17 20..39

I t  is thus seen that the lowest protein content is 
found in the irrigated wheat. This has been pre
viously observed a t this experim ent station.1 The 
result obtained for the same varieties of w heat grown 
on the same land but receiving no irrigation w ater 
clearly indicates that the decrease in protein is due 
to the influence of the w ater and not to differences 
in varieties grown on irrigated and dry-farm ing 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 am ount of w ater applied to the 
plots receiving 25" and 15" of w ater is not sufficient 
to make any m arked difference in the am ount of 
protein in the wheat, flour, bran and shorts, although 
a slight difference is noted. The difference between 
the protein content of w heat which had received 25 
inches of irrigation w ater and the spring dry-farm 
w heat is 2.85, the difference in the protein content 
of the flour produced from these wheats 3.11, while 
th at 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 T able IV.

1 W idtsoe, B ull. 80 , U ta h  E xperim en t S ta tion .

8 .5 2  — 0.01 
8 .1 0  + 0 .2 8  
7.11 — 0 .2 6
8.31 — 0.03
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T a b l e  T V .—-S u m m a r iz e d  R e s u l t s  f o r  C h e m ic a l  C o m p o s it io n  o f  F l o u r .
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I r r ig a ted  w heat,
25" w a ter........ 10 10.41 12.63 34.05 11.72 2 .7 3 : 1 0.578

Irrig a ted  w heat,
15" w a ter........ 10 10.41 12.92 32.55 11.63 2 .7 9 :1 0 .544

N o irriga tion— 10 10.43 13.62 35 .18 12.58 2 .79 : 1 0 .552
W in te r d ry-farm 136 9 .89 14.64 40.14 14.14 2 .85 : 1 0.529
Spring d ry-farm 18 10.29 15.74 44.12 15.32 2 .86 : 1 0.689

The flour produced from the winter dry-farm
w heat 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 am ount of irrigation 
w ater is 3. n  per cent, lower than that produced from 
spring dry-farm  wheat and 2.01 per cent, lower than 
th at produced from dry-farm  winter wheat. In .case 
of the irrigated varieties of wheat, as the amount 
of w ater applied decreases, the protein content in
creases. The protein content of the flour produced 
from wheat which received no irrigation w ater is 
one per cent, greater than th at produced from w heat 
receiving an application of 25 inches notwithstanding 
the fact th at the seed wheat in both cases was the 
same and the non-irrigated w heat was grown on land 
which had been irrigated in previous years. The moist- 
and dry-gluten content of the flour produced from the 
irrigated w heat is considerably lower than th at pro
duced from either spring or w inter dry-farm  wheat.

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

T a d l e  V .— S u m m a r iz e d  R e s u l t s  f o r  B r e a d -m a k i n g  V a l u e .
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Ir rig a ted  w heat,

25" w a te r.......... 10 204 104 1 :1 6 .4 474 1605 1 :127 .1
Irrig a ted  w heat,

15" w a te r.......... 10 185 105 1: 14.3 475 1630 1 :1 2 6 .2
N o irrig a tio n .......... 10 204 109 1: 15.1 479 1655 1 :1 2 1 .5
W in ter d ry -fa rm . 108 195 104 1: 13.3 474 1681 1 :1 1 4 .8
Spring d ry -fa rm . . . 11 227 124 1 :1 4 .4 494 1841 1: 117.0

The ratio of protein to volum e of w ater added is 
narrower in case of the dry-farm  grains. The volum e 
of loaf made from dry-farm  flour is slightly greater 
than that produced from irrigated flour. The ratio 
of protein to volum e of loaf is narrower in the dry- 
farm flour than in the irrigated flour.

The investigations extending over a period of eight 
years clearly dem onstrate the fact th at the dry-farm  
grains in U tah are characterized b y  a low moisture 
content and a high protein content. T hey also 
clearly indicate th at the protein content of the dry- 
farm wheats is higher than the protein content of 
the wheat on irrigated farms.

C h e m ic a l  L a b o r a t o r y .
U t a h  E x p e r i m e n t  S t a t io n ,

L o g a n . U t a h .

T H E  IN FLU EN CE OF CARBON UPON N IT R IFIC A TIO N .
B y  H . W . C l a r k  a n d  G e o r g e  O. A d a m s .

R eceived N ovem ber 24, 1911.

During the past tw enty-three years m any experi
ments have been made at the Lawrence Experim ent 
Station of the M assachusetts State Board of H ealth 
to determine the effect upon nitrification of an excess 
of a num ber of substances which m ay occur naturally 
in sewage or m ay at times find their w ay 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 th at of 1908— 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 sum m ary of this work in the report 
of 1908, “ the experiments illustrate the adaptability 
of the nitrifying body to the conditions imposed and 
establish another fundam ental 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 slow ly accustomed to the presence of that 
substance b y  application of it in gradually increasing 
amounts; that when once accustomed to considerable 
amounts of any substance, the process of nitrification 
will proceed unim paired.”  It, of course, follows, 
however, th at a great excess of any substance inimical 
to nitrification will prevent nitrification.

In the various investigations necessitated b y  the 
work of the State Board of Health, m any experiments 
have been carried on in regard to the purification of 
mill wastes b y  filtration, m any of these wastes con
taining large am ounts of carbonaceous and small 
amounts of nitrogenous m atter. It appeared from 
this work th at a t tim es w ith m any of these wastes 
and at all times w ith 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 th at whether nitrification occurred or not 
depended upon the relation of the amount of car
bonaceous to nitrogenous m atter present in the liquid 
or waste undergoing treatm ent; th at is to say, nitri
fication could apparently proceed when the amount 
of nitrogen was represented b y  a; and carbon b y  10* 
b u t would be eliminated when the carbon was increased 
to 12 or 15a;. In order to make a thorough investi
gation of this subject, certain experim ental filters 
were pu t into operation early in the year 19x0 and 
the work has continued until the present tim e (Sep
tember, 1911). The m ethod has been to apply to 
the sand filters used, Lawrence sewage freed from 
m atter in suspension to which has been added some 
body rich in- carbon. Practically all the carbon and 
nitrogen applied has been in solution and b y  this 
means surface clogging and storage of organic m atter 
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 determ ina
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 
approxim ate 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.1 W hile 
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, tw en ty 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 th f  period when the ratio of carbon 
to nitrogen has remained low, active nitrification has 
occurred in each filter and high nitrates have been 
preseilt in their effluents. W hen nitrification has been 
checked b y  the large amounts of carbon applied, 
each filter has been continued in operation long enough 
to prove conclusively th at 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 w ithout 
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. Experim ents 
were also made showing th at when nitrification had 
been checked, but not entirely stopped b y  the carbon, 
it would be re-established b y  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 th at when 
ammonium chloride was added to the sewage, nitri
fication was not checked b y  carbonaceous bodies 
even when added in very  large amounts.

The main results of these experiments can be sum 
m arized as follows:

W hen sugar was added in such amounts th at 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. W hen the ratio was n . 6, 11.1 
and 11.0, nitrification was not seriously checked. 
W hen 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. W hen molasses was 
added w ith the sewage, nitrification was stopped 
when the average carbon to nitrogen ratio was above 
12, but active when this ratio was 10 and 11. W ith 
butyric acid, nitrification was not seriously impeded 
when the average carbon to nitrogen ratio varied

1 T h i s  J o u r n a l , 3 ,  73S .

between 13 and 16, but was prevented when the 
carbon to nitrogen ratio was 27. W hen nitrogen as 
N H 4C1 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. W ith 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. W hen nitrogen as N H 4C1 was added w ith 
the alcohol, 400 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. W ith filtered wool- 
scouring waste diluted w ith water, nitrification con
tinued as long as the carbon to nitrogen ratio was 
below 14, the carbon running up to 350 parts per
100,000 but was stopped when the carbon to nitrogen 
ratio was increased to 17 b y  the addition of sugar.

D ata in regard to three of these filters follow, and 
it will be noticed th at even when nitrification ceased 
and the filters continued in operation, the am ount 
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 m atter 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 w ith domestic sewage 
and show th at purification can take place in certain 
filters under the conditions imposed b y  the addition 
of large amounts of carbonaceous m atter even although 
nitrification in the filter ceases. This purification 
w ithout nitrification is due to certain bacteria which 
are active under conditions which prevent nitrifica
tion but cause chemical actions which break down 
organic m atter and result in the setting free of car
bon dioxide and nitrogen. I t  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 m atter 
is accomplished within the filter b y  the use of the 
oxygen of these nitrates and their consequent reduc
tion. The intense a ctiv ity  of the filter in changing

F i l t e r  R e c e i v in g  S e w a g e  t o  w h ic h  M o l a s s e s  w a s  A c r a D .  A n a l y s e s  
a t  I n t e r v a l s .

(P a rts  p e r  1 0 0 .0 0 0 .)
Free am m onia:

Applied liqu id ................ 4 .3 0 2.28 3.03 2 .25 2 .4 0
Effluent from filter. . 0 .188 0 .14 0.15 0 .27 0 .27

Album inoid am m onia:
A pplied liqu id ................ 0 .33 0.31 0 .39 0 .3 9 0 .42
Effluent from  fil te r .. .  . 0 .026 0.036 0 .0 4 0.042 0.046

Oxygen consumed:
A pplied liqu id ................ 12.14 16.99 19.10 23 .80 23 .80
Effluent from  fil te r .. . . 0 .2 2 0 .2 6 0 .35 0.31 0 .39

K jeldah l nitrogen:
Applied liqu id ................ 0 .67 0 .76 0 .7 6 0 .85 0 .8 4

N itrogen as n itrites:
Effluent from  filter----- 0.0016 0 .0014 0.0012 0.0004 0 .0002

N itrogen as n itrates:
Effluent from  fil te r .. . . 2 .52 2 .18 2.01 0 .84 0 .1 0

T o ta l carbon:
Applied liqu id ................ 3 4 .8 5 0 .4 55 .5 68.5 68 .5

R atio  C /N :
A pplied liqu id ................ 8 .3 16.1 17.0 24 .4 24 .3

P e r cen t, applied nitrogen
in effluent........................ 6 5 .0 75 .0 6 8 .0 3 9 .0 15.0
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carbonaceous m atter to the gaseous form, and its 
liberation and disappearance in this w ay, is strikingly 
shown b y  the oxygen-consumed results of the applied 
liquid and effluent. The loss of nitrogen b y  its libera
tion can be seen b y  the figures showing the percentage 
of th at applied appearing in each effluent during 
different periods of operation of each filter.

F il t e r  R e c e i v i n g  S e w a g e  t o  w h ic h  B u t y r ic  A c id  w a s  A d d e d .
A n a l y s e s  a t  I n t e r v a l s .

F ree am m onia:
Applied l iq u id .. . .  3 .0 3  
Effluent from filter 0 .22  

A lbum inoid am m onia:
Applied l iq u id .. . .  0 .25  
Effluent from  filter 0.02S 

Oxygen consum ed:
A pplied liqu id . . . .  2 .69  
Effluent from  filter 0 .21 

K je ldah l nitrogen:
A pplied liqu id   0 .6 4

N itrogen as n itrites:
Effluent from filter 0 .004 

N itrogen as n itrites:
E ffluent from filter 0 .75  

T o tal carbon:
A pplied liq u id .. . 37 .6  

R atio  C /N :
A pplied liq u id .. . 12.0 

P e r cent, applied n i
trogen in effluent 3 2 .0

F il t e r  R e c e i v in g  S e w a g e  t o  w h ic h  S u g a r  w a s  A d d e d . A n a l y s e s  
a t  I n t e r v a l s .

(P a rts  per 100,000).
F ree  am m onia:

Applied liq u id .. . .  3 .3 0  
Effluent from  filter 0 .02  

Album inoid am m onia:
A pplied liq u id .. . .  0 .25  
Effluent from  filter 0 .02  

Oxygen consumed:
A pplied liqu id   1 .60  14.22 13 .40  13.50 15.50 13.90 14.00

0 .18

(P arts  per 100,000).

3 .0 3 . 2 .7 0 2 .98 2 .98 2 .98 2 .98
0.12 0 .18 0.088 0 .17 0.148 0 .13

0.25 0 .2 0 0.25 0 .27 0.27 0.27
0 .02 0.014 0.036 0.036 0.038 0.044

2 .6 9 2 .0 0 2 .00 2 .0 0 2 .00 2 .0 0
0 .23 0 .22 0.26 0 .18 0 .22 0.21

0 .64 0 .5 0 0 .64 0.65 0 .65 0.65

0.002 0.0012 0.0006 0.0006 0.0006 0 .0006

0 .63 1.01 2 .4 0 0 .34 0.05 0.05

3 7 .6 3 7 .6 5 4 .0 S4.7 84 .7 84 .7

12.0 13.8 17.5 27 .4 27 .4 27 .4

2 5 .0 4 4 .0 82 .0 18.0 8 .0 8 .0

3 .8 2  3 .8 4  2 .8 8  3 .0 3  2 .25
0 .022  0 .024  0 .018  0 .034  0 .05

2 .4 0
0 .14

0 .2 4  0 .27  0.21 0 .19
0.012  0 .016  0 .026  0 .02

0 .1 9  0 .17
0.022 0.022

0 . 1 2 0 .1 6  0 .1 8  0 .1 4  0 .15

0 .56  0 .4 5  0 .7 6  0 .3 6  0 .4 5  0 .3 4

Effluent from filter 3 .11 
T o tal carbon:

1.39 2.65 2 .86 1 .43 0 .67 0 .0 4

Applied liq u id .. . .  4 .7  
R atio  C /N :

40 .7 39 .2 41 .6 45 .5 4 6 .0 4 3 .3

A pplied liq u id___  1.5
P er cent, applied n i

11.0 10.9 14.7 15.9 20 .0 18.4

trogen in effluent 99.1 3S.5 74.7 104.0 5 2 .0 3 3 .0 9 .0

filters operated with various mill wastes. The effluents 
from all these filters have been stable and usually 
clear and odorless. It  will be noticed th at where 
the ratio of carbon to nitrogen in the waste applied 
to the filter is around xo, there has been nitrifica
tion. In the case of the carpet mill waste, the first 
filter gave no nitrification because the carbon to n itro
gen ratio was 16.1. This filter reduced the carbon 
to nitrogen ratio of the liquid to 9.0 so th at when 
applied to a second filter, nitrification took place in 
the secondary filter.

L a w r e n c e  E x p e r i m e n t  S t a t i o n ,
M a s s . B o a r d  o f  H e a l t h .

E ffluent from filter 0 .13  
K jeldah l n itrogen:

Applied l iq u id .. . .  0 .47  
N itrogen as nitrites:

E ffluent from  filter 0 .0040 0 .0012 0 .0004 0 .0004 0 .0004 0 .0002 0.0002 
N itrogen as n itrates:

M IL L  W A S T E  F IL T E R S .

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

Applied waste.

A C ID IT Y  IN W H E A T  FLO U R ; ITS R E LA TIO N  TO 
PH O SPH ORU S AND TO O TH ER  

CONSTITUENTS.
B y  C . O . S w a n s o n .

Received Jan . 25, 1912.

The investigation of the relation between chemical 
composition and the baking qualities of w heat flour 
is one of the m ajor lines of investigation followed 
b y  the Chemical D epartm ent of the Kansas State 
Agricultural College Experim ent Station. The chem 
ical work in connection with this paper was done 
b y  Mr. John W . Calvin, Assistant Chemist, and Miss 
Leila Dunton, Fellow in Chemistry.

In our work on commercial flours it was noticed 
th at there was an unm istakable relation between the 
percentages of acidity and the percentages of ash, 
amino compounds, total and water-soluble phos
phorus. I t  was also noted th at 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 w heat kernel was better known. Also such 
flours would differ from each other to such an extent 
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 
th at the; experim ental error can in no w ay influence 
the main results. The description of the flours is

(P a rts  per 100,000.) Effluent. given below. The wheat from which all these flours
A pproxi

(P a rts  per 
100,000.) were made is also included. The serial numbers

m ate N itrogen are the ones used throughout the discussion:
T otal am oun t of R atio as #

W aste  from : N itrogen. carbon. C /N . n itrates . S e r i a l  No. D e s c r ip t io n  o f  S a m p l e , G i v i n g  S o u r c e .
D yeing co tto n ............. ....................  0 .58 4 1 .6 71 .0 0 .02 3S9 W h ea t from  which the  following tw en ty -six  flours were m ade.
W ash ing  and  dyeing  c o tto n ....... 0 .76 21 ,S 28 .6 0.01 390 P a te n t flour, seventy  per cent.
D yeing and  finishing. ...................  0 .57 11.4 20 .0 0 .0 0 391 Clear flour, tw enty-seven per cent.
D yeing and  finishing. ...................  0 .27 5 .2 19.2 0 .07 392 Low -grade flour, th ree  per cent.
C otton b a tt in g ............ ..................... 1.25 21 .9 17.5 0 .04 393 F irs t b reak  flour, p a r t  of the  clear.
C arpet m ill................. ..................... 2 .2 4 3 .6 16.1 0 .05 394 Second b reak  flour, p a rt of th e  clear.
D yeing and  finishing. 26 .8 14.9 0 .1 0 395 T h ird  break  flour, p a r t  of th e  clear.
Scouring and  dyeing, .................... 0 .91 10.8 11.9 0 .37 396 F o u rth  b reak  flour, p a r t  of th e  clear.
E ffluent from carp e t m ill filter 397 F ifth  b reak  flour, p a r t  of the  clear.

No. 2 ......................... 8 .5 S .9 0 .32 398 F irs t m iddlings flour, p a r t  of the  p a ten t.
B inders' b o a r d ......... 4 .0 S . l 0 .11 399 Second m iddlings flour, p a r t  of th e  pa ten t.
S hoddy m i l l ........... . 4 .0 5 .2 1.01 400 T hird  m iddlings flour, p a r t  of th e  p a ten t.
T a n n e ry ....................... 19.4 4 .0 3 .6 3 401 F o u rth  m iddlings flour, p a r t  of the  pa ten t.
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402 F ifth  m iddlings flour, p a r t  of the  pa ten t.
403 S ix th  m iddlings flour, p a r t  of the  clear.
404 Seventh m iddlings flour, p a r t  of th e  clear.
405 F ir s t sizings flour, p a r t  of th e  p a ten t.
406 Chunks flour, p a r t  of the  pa ten t.
407 Second sizings flour, p a r t  of the  clear.
408 B m iddlings flour, p a r t  of the  clear.
409 F ir s t tailings flour, p a r t  of th e  clear.
410 Second ta ilings flour, p a r t  of th e  clear.
411 Second low-grade flour, p a r t  of the  low-grade.
412 B ran  duster flour, p a r t  of the  low-grade.
413 Ship  d u s te r flour, p a r t  of th e  low-grade.
414 R oll suction stock, p a r t  of the  low-grade.
415 Stock going to  fourth  m iddlings from second sizings.

The chemical analyses of these flours for ash, pro
tein, fat, acidity a t 250 C. and 400 C., amino com
pounds, water-soluble phosphorus at 250 C. and 400 
C. and total phosphorus are given in the accom pany
ing table. The ash was determined b y  the calcium 
acetate method. The acidity  was determined under 
two conditions: (1) the usual method, one-half hour
extraction (room tem perature about 250 C.) and (2) 
two hours’ extraction at 400 C. T h at this latter 
method gives the m axim um  arid ity  was determined 
in a separate trial. The extracts from the acidity 
determinations were used in the determ ination of 
soluble phosphorus. The amino compounds were 
determined as follows: Eleven grams of flour were
placed in a 600 cc. Erlenm eyer flask and 400 cc. of 
a 1%  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 th irty  minutes when a little over 200 cc. 
were filtered off. To exactly  200 cc. of the filtrate 
were added 20 cc. of a 10%  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 w ay. 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.

A SH  C O N T E N T .

The ash percentage increases in almost the same 
proportion as the flour contains fibrous branny m a
terial, or as the flours are taken from the portion of 
the w heat 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 m aterial in the wheat kernel next 
to  the bran contains nore mineral m atter than the 
interior of the kernel. This assumption is based 
on the composition of these mill streams in general. 
T h e middlings flours are lowest in ash. These are 
made from the interior portion of the kernel and b y  
means of the purifiers they are very  carefully freed 
from bran fibers. The flour from the chunks has a

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 th at of flour. 
The percentage of ash furnishes a v e ry  good indica
tion of the quality  of the flour as far as th at is related 
to the method of milling.

A C ID IT Y .

The acidity values, a t 40 °, two hours’ extraction, 
show very  clearly w hat portion of the wheat kernel 
the flour conies 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.

A M IN O  C O M PO U N D S.

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.

p h o s p h o r u s .

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 
b y  both methods of determination, varies w ith the 
total phosphorus, but not in the same proportion. 
The phosphorus soluble a t 40 0 C., two hours’ extraction, 
increases in a larger ratio in the lower mill streams 
than the phosphorus soluble a t 250 C ., half an hour’s 
extraction.

The first middlings flour has the lowest percentage 
of water-soluble phosphorus followed closely b y  the 
patent flour and the second and third middlings. 
The amount of water-soluble phosphorus in the mid
dlings increases as the num ber of designations of re
duction increases. This statem ent is also true of the 
break flours. In all the lower streams, the percentage 
of water-soluble phosphorus is high as com pared with 
the middlings flours.

The baking tests, made b y  Miss Dunton, showed 
clearly th at the percentage of water-soluble phos
phorus has a distinct influence on the total expansion 
and ferm entation period. These phosphates, no doubt, 
have a very  intim ate 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 accom panying table will show that 
there is an unm istakable 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. T h at 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 largej*
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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. W hile 
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

water during extraction m ay easily change this con
dition.

In the following discussion, the figures for 70 per 
cent, patent flour, treatm ent at.400 C. tw o hours, are 
taken. The percentage acidity is 0.130. This cor
responds to 2.88 cc. N/20,  or 0.0081 g. K O H  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 0.028. This 
would correspond to 0.0028 g. of phosphorus; that 
is, the w ater extract which requires 0.0081 g. of K O H  
to neutralize the acidity contains 0.0028 g. of soluble

C h e m ic a l  C o m p o s i t i o n  o f  F l o u r  f r o m  D i f f e r e n t  M il l  S t r e a m s . M o i s t u r e - F r e e  P e r c e n t a g e s .

Phosphorus.

No. Mill stream . Ash.

A cidity.

25°. v 40°.
Am ino
comp.

W ater sol. 
a t  25°.

W ater sol. 
a t  40°. T otal.

P e r cent, 
of w ater 
soluble 
a t  40°.

389 W h ea t 1.93 0.156 0.478 0.530 0.066 0.218 0.482 51.73
390 P a te n t 70 per cent. 0 .52 , 0 .074 0.130 0.162 0.021 0.028 0.110 29.25
391 Clear 27-27 A  p er cent. 0 .83 0.170 0.245 0.270 0.071 0.098 0.187 59 .64
392 Low grade 2 XA~Z  p e r cent. 1.08 0.215 0.339 0.396 0.097 0.152 0.269 64.01
393 F irs t break 0 .93 0.136 0.239 0.276 0.053 0.082 0.162 57 .79
394 Second b reak 0 .8 0 0.137 0.211 0.239 0.060 0.083 0.165 57.45
395 T h ird  break 0 .8 0 0.126 0 .220 0.237 0.062 0.084 0.172 55 .74
396 F o u rth  b reak 0 .88 0.160 0.252 0.266 0.071 0.103 0.204 78.34
397 F if th  b reak 1.28 0.235 0.370 0.363 0.114 0.187 0.296 72 .29
398 F ir s t m iddlings 0 .52 0.071 0.101 0.195 0.017 0.023 0.094 27 .43
399 Second m iddlings 0 .50 0.067 0.109 0.200 0.017 0.025 • 0.093 30.55
400 T h ird  m iddlings 0 .54 0.069 0.125 0.206 0.026 0.033 0.107 34.93
401 F o u r th  m iddlings 0 .58 0.081 0.142 0.201 0.026 0.042 0.118 40 .26
402 F if th  m iddlings 0 .62 0.067 0.148 0.217 0.031 0.044 0.120 41 .58
403 S ix th  m iddlings 0 .62 0.094 0.164 0.229 0.039 0.053 0.133 44 .89
404 Seven th  m iddlings 0 .95 0.164 0.275 0.335 0.080 0.102 0.215 53 .69
405 F irs t 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. m iddlings 0 .72 0.129 0.208 0.243 0.057 0.077 0.171 25.47
409 F irs t 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 B ran  d u s te r flour 1.27 0.220 0.370 0.404 0.080 0.161 0.301 59.91
413 Ship d u s ter 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 M iddlings 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 phosphorus in the form of acid phosphates. As
the phosphates of potassium are more or less soluble 
in water. Some are soluble in alcohol while others 
are not. Orthopotassium phosphate is slightly solu
ble in cold w ater and the solubility increases a t a 
higher tem perature. 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 w h y a soluble phosphate ob
tained from a flour will influence the acidity test. 
The effect of varyin g tem perature on solubility of 
the different phosphates of potassium  p artly  explains 
w hy the percentages are higher a t 400 C.

W hether or not these phosphates are present as 
such in the flour or produced b y  the hydrolytic action 
of the w ater in the process of extraction is immaterial 
as far as th ey influence the acidity value. It  is this 
water extract th at is used for the determination of 
acidity, and in which the acid phosphates would be 
found. It  m ay be th at the greater part of the phos
phorus in the flour is present in the organic form. 
Determinations made in this laboratory seem to 
point th at w ay, but the hydrolytic action of the

suming th at this phosphorus is in the form of mono
potassium phosphate, there would be 0.0123 g. of 
this salt.

Assum ing the chemical reaction to take place in 
accordance w ith the following equation,

K O H  + K H 2P 0 4 =  K ,H P O , + H aO, 
we have the following proportion:

56.x : 136 .1 : : 0.0081 : X  = 0.0x96 
This means that it would take 0.0196 g. of mono
potassium phosphate to be neutralized b y  the 0.0081 
g. of K O H , while according to the determinations 
there was only 0.0123 g. of this salt present as cal
culated from the amount of soluble phosphorus. If 
we assume the above reaction to take place this 
am ount of monopotassium phosphate would require 
only 0.0051 gram  of K O H  for its neutralization. 
The difference between 0.0081 and 0.0051 or 0.003 S- 
of K O H  would be neutralized b y  some other com 
pounds. . T h at 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
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to the greater content of phosphorus in the samples 
which are high in ash.

G R A P H IC  P R E S E N T A T IO N  O F T H E  R E L A T IO N  B E T W E E N  

P H O S P H O R U S  A N D  O T H E R  C O N S T IT U E N T S  IN  

M IL L ST R E A M  F L O U R S .

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 b y  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 th at 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 
m agnitude of the constituents represented.

T H E  C H E M IST R Y  OF A N A E STH ETICS, IV : C H LO R O FO R M .

B y  C h a r l e s  B a s k e r v il l e  a n d  W .  A .  H a m o r .

R eceived D ecem ber 13, 1911.

(Continued from the March No.)

V. The Physical Constants of Chloroform .

I .  S P E C IF IC  G R A V IT Y .

A. The earliest determinations of the density of 
chloroform were made in 1832 b y  Liebig,1 who re
ported the constant 1.485 at 15 0, and by G uthrie,3 
who found the value to be 1.486 at 15.5°. Later 
(1S49), Soubeiran and Mialhe^ obtained a purer 
preparation, as shown b y  their density determ ina
tion, 1.4905 at 15°. Up to 1849, however, the best 
commercial chloroform possessed a specific g ravity  
of 1.480, which was considered a guarantee of its 
purity. Gregory* found th at 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 
r.500 at 15 .50. This value he took as the true specific 
g ra vity  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, w hether originally of 1.480, 1.490, or 
1.497, when purified b y  means of sulphuric acid and

1 A n n ..  1, 199.
,4in. J .  Set., [1 ] 22, 105,

3 Jahresber., 2 , 408. The densities given were calculated  from the 
values reported.

4 Pharm. J . ,  9 , 5S0.

manganese dioxide, acquired the density which he 
regarded as true, viz., 1.500 at 15.5°.

Schiff,1 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, H ager stated th at “ p u re” 
chloroform possesses a density of 1.494-1.495 a t 15 °.2 
Swans reported th at his determinations showed 1,493- 
1.497; 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 Thorpe4 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 o°/4°> with which value 
the recent determinations of Tim merm ans,6 1.52633—7 
for d4°, are in accord. A  sum m arization of the 
various determinations of the specific g ravity  of 
chloroform is given in Table I.

T able  I .— Various D eterm inations  of t h e  Spec ific  Gravity of 
Chloroform .

0°. 11.8°. 12°. 15°. 15.5°. 16.5°. 17°. 18°.
1.525237 1.5039» 1.496*° 1 .48512 1.50023 1 .4722‘ 1 .491M 1 .482’
1.526578 1 .5 1 2 "  1 .494613 1.5072o

1.490514 
1 .497615 
1 .506616 
1 .510717 
1 .4989,s 
1 .4980,p 
1 .50020 
1 .5002721 
1.5008522

18.58°. 25°. 29°. 35.86°. 60.8°. 61.2°. 63°.
1.4897828 1.4843220 1.4908930 1 .4569531 1.408132 1.4087 733 1.395434 

1.4849220 1.401835
1 .4081430

* A n n .,  107, 63.
2 Kommentar, 439. The requ irem ent of th e  Pharmacopoea Borussica  

a t  th is  tim e was 1.492-1.496. “ English C hloroform ,” a lready  re ferred  to, 
possessed a  density  of 1.485.

3 Phil. [3] 33, 38.
* Trans. Chem. Soc., 37, 196.
5 The m ethod em ployed has a lready  been described under Purificaiion.
6 Bull. soc. belq. chim .. 24, 244.
7 Pierre, Compt. rend., 27, 213.
8 Thorpe, J .  Chem. Soc., 37, 371. R eferred  to w ater a t  4°.
9 Schiff, Gazz. chim. iial., 13, 177. W ate r a t 4°.

10 Soubeiran and  M ialhe. Jahresber., 2, 408. N ot free from alcohol
n  Schiff, A n n .,  107, 63.
12 C alculated from  21.
13 C alculated from  19.
14 C alculated from  4.
15 C alculated from  l .
16 C alculated from  5.
17 C alculated from  20.
18 Calculated from  2.
19 Calculated from  3.
20 Rem ys, J .  Chem. Soc., 13, 439.
21 Perkin , J .  praki. Chem., [2] 32, 523. W ater a t  15°.
22 Perkin , Ibid. W ater a t  15°
23 Gregory, Jahresber., 3, 454. N ot free from  alcohol.
24 G euther.
25 R egnault, A n n . chim. phys., [2] 71, 381.
26 Fluckiger, Z. anal. Chem., 5, 302. W ater a t  17°.
27 Liebig. A n n .,  l f 199.
28 D recker, P oqq. A n n ., [2] 20, 870.
29 Perk in , Loc. tit.  W ater a t  25 °.
30 N asini, Gazz. chim. iial., 13, 135.
31 D recker, Loc. cii.
32 Schiff, Ber.. 15, 2972.
33 Thorpe, Loc. cii.
34 R am say, J .  Chem. Soc., 35, 463.
35 Schiff; Ber., 14, 2763.
36 Schiff, Ibid,
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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.1 This possessed a density of 1.49887 at i5 °/ 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 
m arket varies in specific g ra vity  from 1.4730-1.4827 
at 25°/25°, usually in close proxim ity to 1.476, the 
minimum density perm itted b y  the Pharmacopoeia. 
The samples of chloroform of German manufacture 
examined b y  the authors varied in specific gravity  
from 1.487-1.492 at i s ° / i s ° , although one sample 
possessed a density of 1.497 a t this temperature: 
Since the correct specific g ra vity  of chloroform is 
1.49887 at is°/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 0.5-1 
per cen t.3

The specific gravities of the chloroforms recognized 
as official b y  the pharmacopoeias of various countries 
are given in Table II .3

T a b l e  I I . — D e n s i t i e s  A c c o r d in g  t o  V a r i o u s  P h a r m a c o p o e ia s .

1.485- 1.485-
1.480 1.489 1.490 1.497 1.498 1.500 1.489 1.490
Spain4 Sw itzer- Greece8 Chili® F rance10 R ouraan ia11 G erm any12 Belgium 18 

lan d 7 D enm ark13
P o rtu g a l5 H u n g ary 14
M exico0 N orw ay15

Sweden10
F in lan d 17

1.485- 1.485- 1.490- 1.490-
1.495 1.500 1.493 1.495

J ap a n 19 A u stria20 I ta ly 21 G reat
B rita in 22

N ot below 
1.498- 1.499- 1.476 a t
1.500 1.500 25°

H olland23 R ussia24 U nited 
S ta te s25

1 T he m ethod of purification  used w as as follows: 500 cc. of chloro
form  contain ing  0.77 p e r cent, of absolu te  e thy l alcohol and 0.04 per cent, 
of w ater, b u t o therw ise pure, were ag ita ted  w ith  1 lite r of w a ter repeated ly  
th roughou t one d ay ; th e  w ater w as th en  rem oved, and  the  tre a tm en t w as 
repeated  tw ice in the  dark . The separa ted  chloroform  was th en  shaken 
w ith 500 cc. of w a te r th ro u g h o u t one day, and  finally w ith  tw o successive 
portions of 250 cc. I t  was then  dried  over fused calcium  chloride, and 
afte rw ards ag ita ted  w ith  V sth its volum e of concen trated  sulphuric acid, 
when to  our surprise— for th e  chloroform  had  originally  afforded no colora
tion  w ith  sulphuric acid, and  the  process of purification  had  so fa r been 
conducted in th e  dark— the  acid assum ed a  yellow color. I t  was there
fore found necessary to  continue the  tre a tm en t w ith sulphuric acid, u n til 
the  chloroform  failed to  color it, to  accom plish which th ree  successive 
trea tm en ts  were necessary. T he chloroform  was th en  te sted  for the  pres
ence of alcohol by  the  chrom ic acid, iodine, iodoform, and  fuchsine te sts  
(see Alcohol), and w as found to  be alcohol-free. I t  was accordingly ag ita ted  
w ith  75 g. of anhydrous sodium  carbonate  during  th ree  days, separated  
by  filtration , and 400 cc. were fractionated . The chloroform  alm ost com 
pletely distilled  over betw een 61.2° and  61.8°, and  all above 62° (about 
5 cc.) w as elim inated. A fter refractionation , th e  chloroform  was carefully  
exam ined and  w as found to  be free from alcohol, w ater, acetaldehyde, and 
decom position p roducts : it gave no coloration w ith  form alin-sulphuric 
acid.

2 See Alcohol.
3 No reference is m ade in the  tab le  to  chloroform  in tended for in 

d ustria l purposes.
4 Farmacopea Oficial Española, 1905, p. 198.
5 H irsch’s "U n iversal-P harm akopoe ,'’ 1, 162 (1902).
0 A t 18°. N ueva Farmacopea M exicana, 1904, p. 477.
7 Pharmacopoea Helvetica, 1907, p. 101. Form erly  1.485-1.490.
8 H irsch, Loc. cit.
9 Farmacopea Chilena, 1886, p . 147.

The chloroform constants according to various 
editions of the United States Pharmacopoeia are as 
follows:

D ate. D ensity  a t  15°. 11 oiling poin t.
1851...................................  1 .49 142° F.
1869...................................  1 .490 -1 .494  140° F.
1873...................................  1.480 1 4 2 ° F.
1882...................................  1 .48 5 -1 .4 9 0  6 0 ° -ó l° C .
1893...................................  N ot below 1.490 60 “-6 1 ° C .

C. R egnauld1 m aintained th at the specific gravity  
of chloroform is hardly a criterion of its purity, owing 
to conflicting results; but this statem ent was based 
upon the results of an exam ination of various samples 
of chloroform at a .p erio d  prior to the adoption of 
improved methods of m anufacture and purification, 
and before the formulation and recognition of more 
stringent pharm acopoeial standards. Specific g ra vity  
should not be regarded b y  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 alw ays be 
determined.3 For this purpose the pyknom eter should 
be em ployed3 and the determ ination should be made 
preferably a t 15 0. The M ohr-W estphal balance will 
serve to give a rapid approxim ate result, b u t should 
not be depended upon where an y considerable degree 
of accuracy is desired. Chloroform is quite sensitive 
to tem perature variations, but owing to the fact that 
it is considerably less volatile than ether, as well as 
com paratively non-hygroscopic, the determ ination of 
its density does not present such difficulties as are 
often encountered in the case of ether.

2 . B O IL IN G  P O IN T .

A. The boiling point of chloroform was first deter-
10 Codex M edicamcntarius Gallicus, 1908, p. 148. T he specific g rav ity  

given is th a t  specified for “ Chloroforme O f f i c i n a l i t  is s ta ted  th a t  “ Chloro- 
form ium  D ep u ra tu m ” possesses a  density  of 1.495-1.500, depending on its  
purity .

11 H irsch, Loc. cit.
12 Pharviacopoea Germanica, 1900, p. 86; Deutsches Arzneibuch, 1910, 

p. 118. I t  is of in te rest to  no te  here th a t  in 1865 th e  P h. Hessen  specified 
chloroform  of the  density  1.515 a t  17.5°, and  th a t  th e  P h. H annover s ta ted  
the  density  1.48.

13 Pharmacopoea D anica , 1907, p. 94.
14 PharmacoPoea Hunęarica, 1909, p. 73.
15 H irsch, Loc. cit. T he Pharmacopoea Norveqica, 1879, p. 61, specifies

1.485-1.493.
10 Pharmacopoea Svecica, 1908, p. 76.
17 Pharmacopoea Fennica, 1885, p. 48.
18 PharmacoPoea Belęica, 1906, p . 65. F orm erly  1.491 a t  17°.
19 Pharmacopoeia of Japan,* th ird  edition, 1907, p. 84.
20 pharmacopoea Austriaca, 1889, p . 61. Squire gives 1.485-1.490.
21 Squire’s Companion to [the B ritish  Pharmacopoeia, 1908, p. 373. 

T he Farmacopea Italiana, fou rth  edition, p. 1357, gives 1.49.
22 B ritish  Pharmacopoeia, 1908, p. 75. In  1868 a  Pharmacopoeia of 

In d ia  was issued; in th is  work the  density  1.49 was specified (p. 266).
23 pharmacopoea Nederlandica, 1905, p. 90. T he density  given is th a t  

of th e  "C hloroform um  ad  narcosin”  (chloral ch loroform ); "C hloroform um ” 
(0.6-1.0 per cent, alcohol) is s ta ted  to  possess a  specific g rav ity  of 1.485- 
1.489.

24 Squire, Loc. cit. T he Pharmacopoea Russica, 1880, p. 110, gave
1.485-1.490. H irsch (Loc. cit.) gives 1.485-1.489.

25 Pharmacopoeia of the United States of America, 8 th  revision, p. 99.
1 J .  pharm. chim., [4] 29, 402.
2 As a  rule, th e  specific-gravity de term ination  is indicative of the 

am ount of alcohol in chloroform , a lthough  such chloroform  m ust, of course, 
a lw ays be exam ined for th e  presence of im purities and  decom position 
products. These po in ts  will be discussed in the  course of th e  paper, under 
the  various p robable  im purities. On th e  effect of alcohol on th e  density  
of chloroform , see Alcohol.

3 T he form  of pyknom eter designed b y  P e rk in  (J . prakt. Chem., N . F .,  
31 , 486) is v e ry  suitable, although  we have found th e  Sprengel pyknom eter 
satisfactory.
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mined b y  Liebig1 who found the constant 60.80 C., 
and b y  G uthrie,' who, although he obtained a purified 
product of practically the same density as th at of 
Liebig, stated th at “ absolutely pure chloric eth er”  
boils at 74.4 0 C., a result doubtless attributable to the 
method of determ ination 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°,« the same constant being given in i 8 6 i ;s and 
although the determ ination of R egnault,6 namely, 
60.160 at 760 mm., had received recognition three 
years previously, we find it stated in 1866 that 'the 
boiling point of chloroform is 63 °.i The constant 
found b y  R egnault appears to have been widely 
acceptcd as late as 1880; but the mean determ ination 
of Thorpe,8 61.2 °, later supplanted it and is now given 
by various authorities.» The mean of the m aximum 
(61.21°) and minimum (61.19°) ° f  the recent accurate 
determinations of Tim m erm ans10 is 61.20°, the correct 
boiling point of pure chloroform .11

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

Y ear. Observer. T em peratu re .
1883. .............  Schiff12 60.9° a t  754.3 m m.
188 4 .................  P e rk in 13 62.0° a t  760 m m .
188 5 ................. l la u e r14 61.0° a t  760 mm.
1899................. T hayer15 61.6° a t  760 mm.

61.64° a t  760 m m .
1899.................  P e t i t10 61.97° a t  760 m m.
1904.................  W ade and  F innem ore17 61.15° a t  760 m m.

B, The boiling points of the chloroforms recognized 
as official b y  the various pharmacopoeias are given 
in Table III. In general, it m ay be said th at no specific 
directions are given for the determinations of the con
stan t,18 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-
I Loc. cit, T he sam e value was la te r reported  by  R eg n au lt ( J . phartn. 

chim., [4] 29, 402.)
* Loc. cit.
5 /In n . chitn. Phys,, [3] 33 , 199.
4 L im precht, “ L ehrbuch  der O rganischen C hem ie.”  p . 161.
a K olbe. “ A usführliches L ehrbuch der O rganischen Chem ie,” Vol. 

I .  p. 589.
• Com, PL rend., 39, 301, 345, 397; see particu larly . Jahresber., 1863,

70.
7 Sharpies, “ Chemical Tables.”  p. 69.
8 T ra m , Chem , Soc., 37 , 196.
0 E . p., Beils te in ; Landolt-BÖm stein.

10 B ull, soc. beltj. chim., 24, 244. T im m erm ans found th a t  th e  v a ria 
tion  d t/d p  of th e  b. p. for 10 m m. pressure is 0 .36°.

II T he absolutely pure chloroform  prepared  by  the  au tho rs possessed 
th is boiling po in t, as determ ined by  the  arrangem ent of B erthe lo t and  
corrected  to  norm al. *

» A « » . .  220, 95.
w Trans. Chem. Soc., 43 , 530.
u  Ann., 2 2 9 ,  163.
W J . P hys. Chem., 3 ,3 7 .  '
** Ibid.. 3 , 351. P e tit purified th e  chloroform  used  b y  w ashing it 

tw elve tim es w ith  w a ter, theu  shaking i t  w ith  a  concen trated  so lu tion  of 
calcium  chloride. T he chloroform  w as th en  fractioned th rough  a  H em pel 
colum n, an d  th e  p a r t  kep t w as th a t  d istilling over betw een 60° and  60.3° 
a t  741 m m . T he co rrected  boiling po in t of th is  fraction  w as found to  be 
61.97°, m uch h igher th a n  recen tly  reported . T he im purity  causing th is 
h igh  boiling poin t w as n o t discovered by  P e tit.

17 Trans. Chem* Soc., 8 5 ,  9 4 6 .
u  E xceptions a re  th e  PharmacoPea Nederlandica, 1905 \J .  pharm. 

chim.. 23, 479 (1906); Chem. and Drug., 69, S2S] and  th e  Pltarmacopea 
Austria#*, S th  revision» p. 25,

point determination as a criterion of the p urity  of 
anaesthetic chloroform. It  has been stated th at it is 
a valuable indication of the purity, since the presence 
of o.s per cent, of alcohol reduces the boiling point 
to “  59.80 or 6 o °”  and owing to the fact that a boiling 
point higher than “ 6 x ° ” indicates the presence of 
am yl or bu tyl com pounds,1 while Arzberger2 has 
pointed out th at in the determ ination of the boiling 
point of chloroform it is im portant th at the distilla
tion be continued until the last drops have been 
vaporized and th at a perceptible rise of tem perature 
a t this point indicates the presence of water. Brown, 
however, expressed the opinion th at the determ ina
tion of the boiling point has little value so far as estim a
ting the impurities of commercial chloroform is con
cerned. ? Others have obtained anomalous results in 
attem pting to determine the constant.'*

T a b l e  I I I . — B o i l i n g  P o i n t s  A c c o r d i n g  t o  t h k  V a r i o u s  P h a r m a -

59.5-
61.5°.
Sweden5

60°.
I ta ly 0

60.8°.
Spain7
F rance8
Chili»
R oum an ia10

61°.
Mexico11
G reece12

60-61°. 60-62°. 61.3°. 61-62°.
U nited  S ta te s13 G rea t B rita in 15 H o lland 24 H ungary 25
R ussia14 G erm any 10

A ustria 17 
Sw itzerland18 
Belgium 10 
D enm ark 20 
N orw ay21 
J a p a n 22 
Fin land 23

1 A llen, “ Commercial Organic A nalysis,”  Vol. 1 ,236. Cf. H ager, Pharm . 
Z . Russland, Septem ber, 1869.

2 Pharm . ZtQ., 51, 321.
3 Pharm . J . .  M arch 19, 1892.
4 F o r exam ple, W erner (Archiv. Pharm ., [iii] 12, 481) s ta ted  th a t  

chloroform  boils over a  naked flame a t  62-63°, b u t th a t  i t  does n o t boil 
below 64° on a  w ater b a th  and  often n o t un til a  tem pera tu re  of 66° has 
been reached. In  th e  la tte r  case, W erner found th a t  i t  w as difficult to  
determ ine w hether th e  liquid w as boiling, as the  surface showed no signs 
of ebullition. B y  im m ersing a  piece of s tring  in th e  chloroform  to  be 
distilled  W erner found th e  difficulty was rem oved(l).

a Pharmacopoea Svecica, 1908, p. 76
0 Fannacopea Italiana, fou rth  edition, p . 1357. H irsch  gives 61-62°.
1 FartnacoPoea Oficial EsPanola, 1905, p. 19S.
8 Codex M edicamentarius Gallicus, 1908, p . 148. T he  boiling po in t 

given is th a t  specified for “ Chloroforme Officinal,”  o r “ Chloroform um  
pronarcosi;”  th e  boiling p o in t of “ Chloroform ium  d ep u ra tu m ” is s ta ted  
to  be 61°.

9 FarmacoPoea Chilena, 1886, p. 147.
10 H irsch’s Universal-PharmakoPoe, 1, 162 (1902).
11 Nueva Farmacopea M exicana, 1904, p. 477. A t 76 cm. pressure.
13 H irsch, Loc. cit.
13 Pharmacopoeia o f the United States o f Am erica , S th  revision, p. 99.
14 PharmacoPoea Russica, 1SS0, p . 110. T his is th e  la te s t ed ition  of 

th e  w ork we have seen, b u t H irsch  (Loc. cit.) gives 60-62°.
15 B ritish  Pharmacopoeia, 190S, p. 75.
10 Pharmacopoea Germanica, 1900, p. 8 6 ; Deutsches Arzneibuch, 1910, 

p. 11S.
17 PharmacoPoea Austriaca, 18S9, p . 61.
15 PharmacoPoea Helvetica, 1907, p. 101.
19 PharmacoPoea Belgica, 1906, p. 65.
20 PharmacoPoea Danica, 1907, p. 94.
21 H irsch {Loc. cit.). T he Pharmacopoea Norvegica, 1879, p. 61. gives 

60-63°.
'-■* Pharmacopoeia of Ja p a n ,  th ird  edition, 1907, p. S4.
23 Pharmacopoea Fennica , 1SS5, p. 4S.
24 PharmacoPoea Xederlandica , 1905, p . 90. T he value given is th a t  

specified for “ C hloroform um  ad  narcosin”  (chloral chloroform ); “ Chloro
form um ” containing 0 .6 -1 .0  per cent, of alcohol is s ta ted  to  boil a t 60° 
(62 cm .).

^  Pharmacopoea Humjarica, 1909, p , 73. In  th is place i t  m ay  be 
no ted  th a t  th e  Pharmacopoea Croatico-Slaz-onica, 1SSS, p. 163. specifies 
“ Chloroform ium  e chloralo,”  boiling p o in t 60-61°.
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W hile it is true th at in the ordinary method of 
fractionation, an y impurities decomposable b y  sul
phuric acid and chlorinated decomposition products 
are concentrated in the residue and m ay then be 
recognized,1 in the opinion of the authors the boiling- 
point determ ination is not a criterion of the purity  
of anaesthetic chloroform, unless either (a) pure 
chloroform— th at is, absolute chloroform— is specified, 
or (b) the am ount of alcohol (and water) added is 
definitely fixed and'no range of addition, such as 0.4-
1.0 per cent., is perm itted. In any case, definite 
directions should be given in order that a standard 
method of determ ination would be employed.

W hen anaesthetic chloroform is distilled, the tem 
perature rises im m ediately to about 55.5°, a t which 
tem perature w ater passed over with part of the 
alcohol present and some chloroform; the remainder 
of the alcohol distils over with part of the chloroform 
between 59.40 and 6 1 V  For example, the careful 
fractionation of 500 grams of anaesthetic chloroform 
made from acetone, containing 0.5 per cent, of alcohol 
and 0.026 per cent, of water, but otherwise pure, gave 
the following results:

W eight of fraction.
T em peratures. Grams.
5 5 .5 -5 9 .4 °  10
5 9 .4 -6 1 .0 °  177
6 1 .0 -6 1 .2 °  300

A bove 6 1 .2 °  13

According to W ade and Finnemore,3 the possible 
components of constant boiling point which m ay be 
isolated from a m ixture of chloroform, alcohol and 
w ater are as follows:

Boiling P er cent.
C onstituent. # point. chloroform.

Chloroform -alcohol-w ater...........................................  5 5 .5 °  92 .5
C hloroform -w ater...........................................................  5 6 .1 °  97 .5
Chlorof orín-alcohol........................................................  5 9 .4 °  93 .0
Chloroform ........................................................................ 6 1 .2 °  100.0
A lcohol-w ater (95.5 per cent, alcohol)............... 7 8 .1 5 °  . . .
A lcohol...............................................................................  7 8 .3 °  . . .
W ate r................................................................................. 100 .0°

Of these seven constituents, the first five m ay be 
separated from anaesthetic chloroform containing
0.5 per cent, of alcohol and 0.026 per cent, of water, 
and the authors have identified the first and third 
in samples of anaesthetic chloroform containing 
alcohol varyin g 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 th at the variables of 
anaesthetic chloroform render the determ ination of its 
boiling point of no value as a criterion of purity, 
since we have here a m ixture and no definite com
pound.

V I. The Decom position of Chloroform.

I .  T H E  C H A N G E S  W H IC H  C H L O R O FO R M  U N D E R G O E S  

U P O N  E X P O S U R E  TO AI R.

There has been considerable d iversity of opinion

1 B ased on  these  observations, th e  au tho rs  have devised an  extrem ely  
sensitive te s t  for the detection  of such im purities. T his will be given when 
th e  te s ts  fo r im purities are discussed.

2 Cf. W ade  and  F innem ore, Loc. cit.
3 Loc. cit.
4 The alcohol was determ ined b y  th e  m ethod of N icloux (sec Alcohol).
8 T he presence of w ater was established by  m eans of calcium  carbide 

(see W ater).

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 m any influencing factors 
occasioned b y  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 to correctly interpret, the role 
of the general variable, alcohol, and w ith it the accom 
panying moisture.

In 1848, Morson1 found th at “ p u re” chloroform 
underwent decomposition in the presence of light and 
air, chlorine, hydrochloric acid, and probably other 
‘ ‘ chlorine com pounds” being form ed;3 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,'* however, stated 
that chloroform containing moisture alw ays showed 
the presence of “ free chlorine” much sooner than dry 
samples.

H ager,s investigating the question more extensively, 
concluded th at “ p u re” chloroform was not decomposed 
b y  the action of light alone; but th at 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 ,” 6 
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  
slow ly.8 Rum p’  made similar observations, having 
learned th at protection from light does not prevent 
the decomposition of chloroform; he concluded th at 
the smallest quantity of moisture and air would, in time, 
induce decomposition, and th at this, once started, 
proceeded w ith increased rapidity. Under these con
ditions, b y  excluding the light, Rum p found that 
carbonyl chloride would result.

In 1882, R egnault10 pointed out th at carbonyl 
chloride was the most dangerous im purity found in

■ Pharm . J .. 8 , 69.
2 Therefore, M orson suggested th e  te s t w ith  litm us p a p er and  purifica

tion  by  repeated  ag ita tion  w ith distilled  w ater.
3 Ibid., 279. In  1850 (see Trans. N . Y . Acad. M ed., 1, 146), i t  had  

been observed in th is  coun try  th a t  chloroform  becom es acid and  con tains 
“ chlorinated oils" through  decom position.

4 Proc. A m . Pharm . A ssn ., 1866, 264. C hloroform  of th e  density  
1.492, dried by m eans of calcium  chloride, w as k ep t in  abso lu tely  d ry  
bo ttles  and in  bo ttles  slightly  m oist, then  bo th  k inds were exposed to 
diffused daylight and  to  d irec t sunlight. M aisch concluded th a t  th e  entire  
absence of w ater would n o t be sufficient to  preserve the  chloroform  u n 
altered.

5 Pharm. Z . Russ land, Septem ber, 1869.
6 Persohne found th a t  sam ples of chloroform  liable to  decom position 

alw ays contains “ chlorocarbonic e th e r."  I t  has also been m aintained  
th a t  the  change is a ttr ib u tab le  to  th e  presence of allylene dichloride.

7 K appeler (Anaesthetica, p. 173) s ta ted  th a t  formic acid and  aldehyde 
arc products of the  decom position of chloroform.

8 H ager found th a t  chloroform , even if i t  does n o t ex h ib it an  acid 
reaction , m ay  be in a  s ta te  of decom position, and  th a t  th is  condition m ay 
be detected  by  th e  reaction  such chloroform  exh ib its w ith am m onia, which 
then  yields w ith i t  vapors of am m onium  chloride.

The resu lts  of H ager’s investigation  gave rise to  the  s ta tem e n t which 
has persisted  in th e  lite ra tu re  till to -day , nam ely, th a t  specim ens of ch loro
form, originally  of good q u a lity  on keeping become im pregnated  w ith  
hydrochloric, hypochlorous, and  form ic acids.

9 Archiv. Pharm ., O ctober, 1874*
10 J .  pharm. chim., [5] 5 , 504.
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chloroform, and stated that it was produced in the 
presence of light b y  the action of air on chloroform . 1 
In collaboration with Roux, Regnault demonstrated 
the formation of carbonyl chloride from chloroform 
in several different w ays: B y  the action of the spark
from an induction coil on a m ixture of chloroform 
vapor and air; b y  allowing air saturated with the 
vapor of chloroform to circulate in an efiluve ap
p aratu s ;3 and b y  the action of ozonized air. The 
last experim ent showed th at the production of carbonyl 
chloride was independent of the therm al and electric 
phenomena of the other two, and, along w ith the 
w ork of Rum p, established the formation of carbonyl 
chloride during the oxidation of chloroform. Con
firmation of this was later had from the investigations 
of M arty3 and Stark . 4

As to just w hat are the other products of the decom
position of chloroform, is a question which has re
ceived considerable, although not very  discriminating, 
attention. Brown^ found th at while chloroform was 
not decomposed b y  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:

4 CH C1, 4 - 3^2 ~ 4 COClj -I- 2 H , 0  -(- 2 C12; 
aCOCl, + 2 H !0  =  2C 0 2 + 4HCI.

These equations have been recognized as correct b y  
Schacht and B iltz ,6 and b y  Adrian ;7 but Schacht and 
B iltz considered it necessary to add th at they applied 
exclusively to the decomposition of chloroform which 
was perfectly free from alcohol. T h at the decomposition 
of chloroform is accelerated in an atmosphere of pure 
oxygen, is a fact which Schacht and B iltz were dis
posed to ascribe to the absence of nitrogen. A t one 
tim e they appear to have entertained the idea that 
ozonization of the oxygen in contact w ith chloro
form and under the influence of sunlight m ight cause 
decomposition, but experiments made in reference 
to this point in 1868, wherein it was shown th at no 
ozonization occurred under such conditions, seem to 
have induced a contrary view.

In regard to the u ltim ately recognizable results 
of the oxidation of chloroform in particular instances—

1 R egnau lt considered th e  accidental presence of carbonyl chloride 
com m on a t th a t  tim e.

2 R egnau lt and R oux  found th a t  nitrogen charged w ith th e  v ap o r of 
chloroform  also decom posed th e  chloroform  in an  effluve ap p ara tu s , th e  
p roducts  being hydrochloric acid and  a  m ix tu re  of C3CU an d  C4CI0. Cf. 
the  resu lts  of Besson an d  F ourn ier (Compt. rend., 150, 1118) on  th e  action 
of the  s ilen t discharge on chloroform  in the  presence of hyd rogen ; am ong 
th e  chlorinated  derivatives separated  were CCLi, C2CI4. C2HCI5, Q>C16, C3CI0, 
C3HCI7, and  C*Cli. Cf. R egnault, A n n ., 33, 310; A n n . chitn. phys., [2] 71, 
353.

3 L ’U nion Pharm ., Novem ber, 1888. M arty  found th a t  “ p u re"  
chloroform  did  no t rem ain  unaffected m ore th a n  tw o days in sum m er or 
5 days in w inter, when freely exposed to  air. T he sam e chloroform  re 
m ained unalte red  for 15 m onths in th e  dark , a lthough  in c o n ta c t w ith  a ir. 
W ith  chloroform  con tain ing  0.1 per cent, of absolu te  alcohol, no decom 
position resu lted  even a f te r  an  exposure of 15 m onths to  co n tin u o u s sun 
light.

4 Pharm . J . ,  [3] 20, 407. Chloroform  exposed to  d iffused  sun ligh t 
for 5 m on ths contained hydrochloric acid, carbonyl chloride, and  an  “ oily 
hydrocarbon ."  According to  S ta rk , th e  alarm ing  dyspnoea produced by  
some sam ples of chloroform  w hen inhaled is probably  due to  th e  presence 
of carbonyl chloride (see Effects o f Im purities, Section V II, 2).

5 Pharm . Soc. Ednb., M arch, 1893.
6 Pharm. J . ,  1893, 1005.
7 J .  pharm. Chim., 18, 5.

for example, in the case of anaesthetic chloroform —  
there is one circumstance which exercises a decided 
determining influence; but, as indicated b y  Schacht 
and B iltz ,1 it is not alw ays 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, R am say3 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 th at in addition to the formation of those 
products there is also an elimination of chlorine in the 
free state. Schacht and B iltz considered that this 
difference of opinion was doubtless to be ascribed to 
want of attention to the presence of alcohol in the 
chloroform experimented w ith,3 and to the resulting 
m isinterpretation of the chemical changes which occur. 
T h ey stated th at 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 chem ically 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 “ p u re” chloroform were only chlorine6 
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 w ay they 
accounted for the presence of hydrochloric acid in the 
first stage of the decomposition of anaesthetic chloro
form ,7 and considered that they had explained the 
point which had given rise to dispute, nam ely, that 
the elimination of free chlorine* is a prim ary feature 
of the alteration. These view s led to a controversy 
w ith the Brow ns,8 and the formation and presence of

1 JLoc. cii.
2 J .  Soc. Chem. Ind ., 11, 772. The sam e view w as held  by  B re teau  

and  W oog, Compt. rend., 143, 1193.
3 Sec Preservation.
4 The correctness of th is  view, w hich has been generally  favored, will 

be fu lly  considered under Preservation.
5 Pharm . J . ,  [3] 22 , 1041.
6 Popov (J . R uss. Phys.-Chem. Soc., 7 , 1061) stud ied  th e  influence 

of ligh t on chloroform  dissolved in linseed oil, finding th a t  th e  iodine num ber 
of the  oil w as lowered, owing to  th e  action  of the  halogen upon th e  u n 
sa tu ra te d  com pounds of th e  oil. T his w ork does no t, however, prove 
th a t  chlorine is a  p roduct of th e  pho to ly tic  decom position of chloroform.

7 Cf. L au re n t (A nn . chitn. phys., 1837, 318), who found th a t  chlorine 
acts  on chloroform  in the  sun ligh t form ing hydrochloric acid and  “ C2CI3.”  
The opinions of Schach t and  B iltz, variously  expressed, seem to  em body 
th is  general view: T he g radual disappearance of free chlorine when chloro
form  is undergoing decom position is an  indication  of its  fu r th e r action  on 
th e  chloroform , producing  hydrogen chloride and  a ltering  th e  re la tiv e  
p roportions of carbonyl chloride and  hydrogen chloride so as to  increase 
the  la tte r.

8 S chach t and  B iltz  (Pharm. J . ,  [3] 23, 1005) s ta ted  th a t  “ decom 
position canno t be detected  in alcohol-reduccd chloroform  u n til all the  
added alcohol h a s  been consum ed.”  B row n (Ibid., 24 , 321) found th a t  
“ pu re” chloroform  to  which 0.077 p e r cent, of alcohol had  been added, 
w hen exposed to d irec t sunlight in colorless glass, began to  decom pose 
in 14-19 days. H e found th a t  a fte r decom position h ad  been recognized 
by zinc iodide an d  starch , as  well as b a ry ta  w ater, reactions were obtained  
w ith 1: 2000 po tassium  dichrom ate so lution and  the  iodoform te s t, and  
these were ascribed to  th e  presence of alcohol. S chach t (Ber. pharm. 
Ges., O ctober, 1894) defended h is  position, and  s ta ted  th a t  th e  reactions 
ob tained  were n o t p roduced by  alcohol, b u t  by  “ chloric e th e r"  and  “ phos
gene alcoholide." The B row ns (Pharm. J .,  [3] 25, 836) m ain ta ined  th a t  
Schach t h ad  n o t proved th a t  e th y l chloride and  chloroform ie e th e r were 
produced in the  decom position of “ alcohol-reduced chloroform ," and  th a t  
they  gave reactions sim ilar to  alcohol. O n th e  o ther han d , th ey  con
sidered th a t  they  them selves had  proved th a t  a t  th e  tim e the  decom position
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free chlorine as one of the decomposition products 
of chloroform containing alcohol were b y  no means 
definitely settled.

Schoorl and van den B erg1 conducted quantitative 
experiments which seemed to indicate th at when 
chloroform was decomposed b y  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:

2CHCI3 +  5O — >- 2C02 + H 20  +  3C12

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:

CH Cl, +  O = HC1 + COCL.

The equations given b y  Schoorl and V an 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 V an den B erg3 confirmed the 
observation th at in the absence of air or oxygen, 
chloroform is not affected b y  light exposure.

Finally, D oW  has suggested th at the formation of 
carbonyl chloride in chloroform very  probably occurs 
in accordance with the following equation:

CH Clj +  H 20 2 =  COCl3 + I-ICl + H A *

Summary of the Present Knowledge of the Decomposition 
of Chloroform.

From  these investigations one m ay conclude 
th at chloroform free from alcohol, when exposed 
to air and light, will begin to decompose in a short 
tim e; but th at 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 experim ent has been found to show 
decomposition within several hours m ay, at another 
time, require an exposure for a whole day, or longer, 
to full sunlight, before it shows the first indications 
of decomposition. The tem perature prevailing dur
ing the period of exposure is also an im portant con
sideration. Then again, the nature of the container 
is of considerable effect in either inducing or retarding 
decom position; 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 " p u r e ”
w as first recognized by  m eans of zinc iodide and  s tarch , chlorine had  n o t 
been produced in sufficient q u a n tity  to  com bine w ith  a ll of th e  added 
alcohol, and  th a t  e thy l chloride, chloroform ie e ther or carbonic e th e r did 
no t give reactions which could be m istaken for those of alcohol.

1 Phartn. Weekblad . 42, 877. See also th e  recen t experim ents of 
B cn ra th  (Ann., 382, 222), who found th a t  under the  influence of light, 
and  in th e  presence of w a ter and  air, chloroform  form ed carbonyl chloride 
and  hydrogen chloride.

2 Ib id ., 43 , 8. O n exposure to  air, in th e  absence of light, chloroform  
gave no p reć ip ita te  w ith  silver n itra te  even a fte r four hours, w hereas bromo- 
form  and  iodoform a fte r one h o u r gave d is tin c t indications of decom 
position.

3 J .  Soc. Chem. Ind ., 27, 272.
* S u p p o rt to  th is  view is had  from th e  fac t th a t  conditions which 

favor th e  form ation  of hydrogen dioxide— a  degree of m oisture and  direct 
sun ligh t— are also those which favor the  decom position of chloroform .

chloroform, according to various investigators, m ay 
be thus sum m arized:1

Chlorine, hydrogen chloride.....................  Morson, Maisch, and  I lager.
C arbonyl ch loride.........................................  R um p, R egnau lt.
C arbonyl chloride, hydrogen chloride. . S ta rk , R am say, Schoorl and  V an

den Berg, an d  D ott.
C arbonyl chloride, ch lorine......................  Brown, S chach t and  B iltz , and

Adrian.

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 th at chloroform is unaffected b y  
light alone, and th at light, although it accelerates 
oxidation, is not a necessary factor in the process 
(Hager, Rump, Brown, Schoorl and Van den B e rg ); 
however, several investigators appear to have inclined 
to the view  th at light is'essential, although in non
com m ittal language, m erely stating th at it favors 
decomposition (Regnault, D ott).

If we except the obvious action of w ater 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 w ater has not been considered; but when taken 
into account, it has generally been thought to acceler
ate the decomposition (Maisch, Rum p, D ott), a l
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 h y
drogen dioxide theory of D ott.

W ith 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 th at hydrochloric 
acid is formed b y  the action of chlorine on the alcohol 
present.

It  therefore seemed to the authors th at 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 following phases of the 
problem:

1. W hat are the exact products of the oxidation 
of pure chloroform ?

2. W hat are the nature and products of the oxida
tion of anaesthetic chloroform?

3. W hat part does w ater p lay in both cases?
It  was thought th at the solution of these questions 

would throw light on, if not fu lly  explain, the role of 
alcohol and other substances in the so-called pre-

1 T he reported  occurrence of “ chlorinated  oils” (G ibbs; S ta rk ) an d  
of sim ilar p roducts  of th e  decom position of im pure chloroform  is n o t co n 
sidered in th is  sum m ary.



Sa
m

pl
e-

 
N

o.
 

1 
(T

ur
c)

. 
N

o.
 

2 
(P

ur
e)

. 
N

o.
 

3 
(P

ur
e)

. 
N

o.
 4 

(P
ur

e)
. 

N
o.

 5 
(P

ur
e)

. 
N

o.
 6 

(P
ur

e)
. 

N
o.

 7 
(A

na
es

.)
. 

N
o.

 
8 

(A
na

cs
.)

.

284 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y . A p r i l ,  1 9 1 2

E 5sittp £ -
¿1 posodxji ‘loqoap) » 4, * •o'
% Ç 1 0  3UlUltJ}UOD ULXOJ • g  g  s
- o j o p p  JO u n j  Î / ,  a m o q  "  o  .2  o ?
ssKia ssojjoiod j3  001 V g g ' S g S "  g g  g g S ô  x

o o o o £ S  •" o o o o Ü °
*  *  fc A< o £

•amoq
ssb|3 UMOjq *<11-1 v  ui 
sAcp se  JOJ >OSs H 3“OD 
•do ÇZ -K>AO 6 f r ' ï

t> w c
§ ° I
o a o

a .b-uap jo u u o jo jo jip  *od OOI £  £ E '« g
Z c . oo &

rt 4J u ' 
« ° B U 2O 3 3
-  P U
•s § ° " t u

E 3c: +* .

I Lo O
V)

c - «O a  3 
Î5 Q *0 ’c3

S g '

>» 
1 .0

•sXcp 8T pasod 
-x g  ' D J l l O l j  ssopojoa 
*DD OÇ v u ! J3^A1 '3 Ç 
puu iu jo jo jô |qo  o jnd  *3 OZ

ao

ci O fN
y u * g 
2 1 »  % 
'  O ^  O

O

•sXup £2 pasodxji -sstJjS 
oiupocui; jo  o p joq  *zo-ç 
u‘aj mjojojoiqo sind 3 OS

n i■g « 
f*

«J W W W I T)w O « « w  ̂ «
<u H *3 ^  r/ O £-  ^  ‘3 o «  o ^
^  *0 O . ü 
M 5  -° W w
3  • • - j  -M C
0  .y  0  a  w .2  • -
“ ■§ 5  § u u uV .S ïï «3 -M c3 JD ö 5 

o .o

s i «a.
•sAcp 22 

p asodxg  -apioq  ssT3j3
‘3 3  O S Z  SS3JJO JO D  v  u i
mjojojoiqD ojnd *oo ()0I y  a  .b

P* &
g K'O .O 
£  <

•sAup z z  pasod 
*XH *»m°q sstî[3 ‘¿s
001 ssatjoioo c ux u u o j 
-oiojqo o ju d  jo  ’OD 01

•jopo
uSiaaoj }ua3und îKXep 
81 ‘ p o s o d x H  ‘rajo j 
-ojo[qo am d  jo  ]|n j jp jq  
*SStîj3 'DD OÇ RS0JJ0]0D V

£ Ö  5  Ä  C S
C5
B «  TJq  "o

H -C «  d  ^f j o c « >d3 -o '5 o j* '3
w c .s — ^ «B Ö « a u

V)

^ *£■ —  *5 a
« •§ g o  „  g g o i  a 0  ¿s
!S

g 
« 8 
a -3

•SÂtîp
8 1 p a s o d x j i  'ssTq3 
DlUJiOTÎUB JO  D H ÎO q  * 2 0 -2  
Tj’m  uuojo io iqo  Djnd *3 ç f

* a 'Ü o
> û
K Z '¡Z Z

ù v  £  o
,rt, S & 'ZO u  rf O JD .

|8 

« M s *2 dg *o o a H-tg o æ  es ̂  i
£  P4

« ?  
O %

*UOpdlJOS3Q

u
ou

u
X

i ? . a• ci 
t3 O 

ü  'ü  o  ‘-¡3

O D < < ( 3

V V • 'l
2 :« ' a ;.

« a w t.
■S â  5 J  ä  J3
o E o o 2 «
3  8 S  o. >. S
y ?  a i

ag
ita

tio
n 

w
it

h



April, 1912 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y . 285

•sÄup ZZZ ' 
p u t ?  a \  j o j j b  p a u i u i c  
■ x a  p o n y ; i j ] t 3  q - o n o  
‘loqoDpJ % L 6  0 Suiuiuj 
- u o d  m j o j o j o j i p / j o  o p i o q  
s s b j S  x x M O jq  p u n o d - j p q  v

&
•d

(N
fS

0
0

CN 10
rO

a Wt
ß
0 -<
55 <

■3 w ß v
O V) wj d

YJ 4» 

•O

h* ..
-  Ôo
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servation of chloroform, an exact explanation of which 
has been w anting.1

Experimental.— Various samples of both pure chloro
form 2 and chloroform containing the usual pharm- 
acopoeial amounts of alcohol and water, were ex
posed, in well-stoppered^ containers of various sizes, 
and containing varying amounts of the samples, and 
of both colorless and anactinic glass, such as are 
custom arily used in the trade, for different periods of 
time, but at room tem perature (20° C.), from Septem 
ber to May, inside of a windbw having direct southern 
exposure. The conditions were extreme, but never
theless were similar to those obtaining in m any 
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 w ater equivalent, on the 
average, to 5.1 per cent, b y  volum e of the alcohol 
was present.4 Thus each sample was of pharm- 
acopoeial grade.

The method of exam ination consisted in carefully 
applying, in duplicate whenever possible, the tests 
for the detection of the oxidation products of chloro
form and alcohol. W henever possible, the amount 

' of these impurities was determined. The methods 
used will be detailed in the succeeding portions of 
this paper, as each im purity is considered.

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

From these experim ental 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:

CH C1, +  H , 0  + 0 2 = C 0 C13 + H C1 + H 50 2; 
CH C1, + H 30 , = C0 C1, + H C1 + H 20 .

W e are convinced th at oxidation will not occur if 
w ater 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 ephem eral; and oxidation 
of the chloroform continues throughout the period of 
the exposure.5

The decomposition of pure chloroform is favored 
b y  a degree of moisture and is accelerated b y  light, 
as is shown b y  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 T his chloroform  was p repared  according to  the  m ethod of the  au thors, 

a lready  described, and  we th ink  th a t  i t  was absolutely pure.
3 N o cork  stoppers unpro tec ted  by  m etal caps were em ployed. In  

th e  experim ents on  pu re  chloroform , glass-stoppered b o ttle s  were solely 
used.

4 T he alcohol con ten t of th e  anaesthetic  chloroform  used was de te r
m ined q u a n tita tiv e ly  by  th e  m ethod of N icloux (see Alcohol).

8 O n th e  form ation of hydrogen dioxide when oxygen is enclosed over 
w a ter and  exposed to  light, see K harichkov, J . R uss. Phys. Chem. Soc., 42, 
904; b u t see p a rticu la rly  Tian, Compt. rend., 152, 1072, and Chłopin, J .  
Russ. P hys. Chem. Soc., 43, 554.

employed. Moreover, carbonyl chloride is formed 
with increased readiness in the presence of acids.1

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:2

COClj — =► CO + Cl2.

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 b y  the authors when containers 
of anactinic glass were used.

This view  of the oxidation of pure chloroform is 
supported in full b y  the conduct of such chloroform 
toward ozone3 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 b y  the analogous case of 
the photochemical oxidation of iodoform,s the prim ary 
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 prim arily the oxidation products of 
alcohol, and no decomposition of chloroform itself

1 Cf. Low ry and  Magson, Trans. Chem. Soc., 93, 121, who observed 
th a t  th e  form ation of carbonyl chloride is ev idently  accelerated  by  the 
presence of acids.

2 In  th is  connection, see Coehn and Decker, Ber., 43, 130; and  W eigert, 
A n n . P hysik ., [4] 24, 55 (1907). T he influence of ligh t on the  reversible 
reaction, CO +  CI2 COCI2. is purely cataly tic.

3 E rdm ann  (A nn ., 362, 133) has dem onstra ted  th a t  ozone acts  on 
chloroform as follows: CIIC13 +  O3 -  COCl2 +  HC1 +  0 2.

4 In  1869, Em m erling and  Lengyel (Ber., 2 , 546) stud ied  th e  ox idation  
of chloroform w ith sulphuric acid and  potassium  dichrom ate. T hey 
found b u t a  sm all am oun t of carbonyl chloride am ong the  p roducts  of 
oxidation, an d  incorrectly  in te rp reted  th e  resu lts  they  obtained, inasm uch 
as they  believed chlorine is form ed: 2CHCI3 =* 2COCI2 +  H 2O +  CI2. E rd 
m ann (Ber., 26, 1990) showed th a t  the  reaction  w hich occurs is as  follows:

2CHCI3 +  C r0 3 +  0 2 — 2COCl2 +  Cr02Cl2 +  H 2O,
In  1869, Schiitzenberger showed th a t  carbonyl chloride is obtained  

in good yield by  th e  action of su lphur trioxidc on carbon tetrachloride. 
On the  oxidation  of chloroform  with chrom ic acid, see also C otton, B ull, 
soc. chitn., [2] 43, 420. O n th e  oxidation  of carbon tetrachloride, see 
S chm idt’s “ Pharm aceutische Chem ie," 2 , 148; and  Ber., 14, 927.

5 See Plotnikow , Z . physik. Chem., 75, 337, 385. According to  th is 
investigator, th e  whole reaction  is as follows:

C H I3 +  O -  COI2 +  H I ; COI2 “  CO 4- T2; 2H I +  O — H 20  +  I2.
In  the  light, under co n stan t conditions, th e  iodine se p a ra ted  is p ro 

portional to* the  tim e, and  if th e  illum ination is rem oved th e  reaction  s till 
proceeds, b u t w ith reduced velocity. There is no separa tion  of iodine 
in th e  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.1 
W hen the oxidation of alcohol reaches a maximum, 
decomposition of the chloroform goes on as in the case 
of pure chloroform, w ith the exception th at chlorinated 
derivatives of the oxidation products of alcohol m ay 
result.

The retardation is dependent upon the amount of 
alcohol present— that is, the alcohol acts as a shunt 
through its capacity for oxidation.3 The extent of 
the oxidation is, of course, subject to the conditions 
referred to under 1. It  is im portant to note, however, 
th at anaesthetic chloroform alw ays contains water, 
the usual amount being about 0.05 per cent, b y  volume, 
according to our experiences.

3. A t the inception of this investigation, it was 
considered possible th at the instability of chloroform 
of all grades might be due to the presence of some

T H E  AD APTION OF T H E  C E N TR IFU G A L PU M P TO 
C H EM ICA L PR O B L E M S.3

B y  F .  G. W h e e l e r .

Received J an u a ry  11, 1912.

It  has alw ays seemed to me th at the machine 
which is most used in chemical engineering is the 
one for m oving liquids from one place to another, 
either from one tank to another or to circulate it 
through various devices for purposes best known 
to the user. It m akes no difference whether the 
engineer wants to raise w ater from a mine or to dis
charge a sludge to a stream, the pum p in some form 
is the most useful agent which can be applied. In 
all problems of this kind, th at kind of a pump which 
has no valves and which depends alone upon centrif
ugal force to im part energy to the liquid has appealed 
to me as the best device which can be selected. As 
m anufactured 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 
i o o  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 
th ey are acid or alkaline, clear or muddy, viscous 
or mobile. In the use of the centrifugal pum p for 
this chemical service, however, we m ust have a machine 
adapted for the heaviest kind of work. It m ust be 
built for severe d uty from the d ay  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 an y other device which we could use. 
I have found th at in quantities above ioo gallons

1 See Preservation.
2 A dditional sup p o rt to  th is  v iew  is had  from  th e  action  oT pu re  oxygen 

on anaesthetic  chloroform  (q. v .)  and supp lem en tary  evidence is given 
under Preservation.

3 R ead , a t  th e  m eeting  of th e  A m erican In s t i tu te  of Chemical 
E ngineers. W ash ing ton , Decem ber. 1911.

catalytic  agent, the rem oval of which would lead to 
beneficial results, as has been found in the case of 
sodium hypochlorite,1 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 th at the oxidation of 
alcohol is accelerated b y  the presence of oxidizable 
bodies in solution and th at foreign organic substances 
have a detrim ental influence upon chloroform—  
which shows the necessity of having anaesthetic 
chloroform of a high degree of purity; but we have 
arrived a t the conclusion that, given proper purifica
tion, the chloroform prepared from chloral hydrate, 
alcohol, acetone, or carbon tetrachloride is in all cases 
identical.2 In the experim ents just cited, only pure 
chloroform and anaesthetic chloroform were used.

(To be continued in  the M ay No.).

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 m any 
instances the first cost of a machine will determine < 
whether it can be applied. Because the centrifugal 
pump appeared simple, m any manufacturers tried 
to meet all conditions with it, using the cheapest 
kind of a machine to compete w ith the steam  pump, 
but it has been shown th at 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.

H istorically, 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 w ater turbine 
was developed the laws which govern the working of 
a centrifugal pump were but m eagrely known, and 
we have m any 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 w ay  a turbine run back
ward, and from this were designed various makes of

1 T he  decom position of com m ercial hypochlorite  of soda is v e ry  la rg e ly  
due to  th e  presence of sm all q uan titie s  of iron as fe rra te  in th e  liquor ( Mus- 
p ra t t  and  Sm ith , J .  Soc. Chem. Ind ., 1898, 1096; 1899, 210).

2 T r illa t (Nouveaux Remedes, 1904, No. 13, 289; B ull. gen. de T h era p ., 
1904, 46) a rriv ed  a t  a  sim ilar conclusion. H e undertook  to  ascerta in  how 
chloroform  p repared  from  chloral h y d ra te  com pared  in  p o in t of p u rity  
w ith  chloroform  p rep a red  from  alcohol o r acetone, an d  cam e to  th e  con
clusion th a t  these  k inds of chloroform  are, a fte r carefu l purification  and 
rectification , absolu tely  equ iva len t. T r illa t po in ted  o u t th a t  foreign 
organic substances have an  in ju rious influence upon chloroform , ju s t  as do 
w a ter an d  a ir , and  he ascribed  th e  change to  catalysis. T he fo rm ation  of 
carbonyl chloride, fo r instance, he  found could be  caused by  m ore co n tac t 
w ith  th e  hum an sk in , an d  th is  suggested the  p ossib ility  th a t  i t  m ay  arise 
from  c o n tac t w ith the  m ucous m em branes T his is. how ever, still 
an  open question , an d  is h a rd ly  supported  b y  the  work of B u rk h a rd t 
{M unch, vied. Wochcnschr.. 1909, 1678). Such decom position refers, of 
course, on ly  to  p u re  chloroform  o r to  such anaesthe tic  chloroform  as con
ta ins only a  m ere trace of alcohol..

W e have shown here  th e  necessity of h av ing  chloroform  of sufficient 
p u rity . The care  requ ired  for its  m a in tenance  in an  una lte red  s ta te  will 
be discussed under Storage.

LABORATORY AND PLANT
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centrifugal pumps which operated much better than" 
the old type. There were m any 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.

W e are all fam iliar w ith the cheap centrifugal 
pump used b y  contractors and m any factories at the 
present time. I have seen them used in excavations, 
quarries, paper mills and m any other places. T hey 
have a two-piece shell, overhung from the support 
at one side. T hey 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 th at the 
discharge can be turned in any direction. W e shall 
all have to adm it that it does have this advantage, 
which is really th at of saving one ell. Its disadvan
tages are m any. There is one modification of this 
which has a solid scroll and tw o 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 w ith 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 w ear and helped keep 
the shaft in alignment. This central support has 
been alm ost universally adopted a t the present time, 
b u t for m any 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 m odem  pumps. One maker 
used the suction pipes to support the casing, but I 
have seen only those of this one m anufacturer supported 
in this w ay. 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 w ater 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 o u tb o ard . 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 im provement of any importance came 
about when the laws were studied more closely: 
the open fan-like impeller was shrouded and finally 
supplanted b y  w hat is known as the enclosed or 
shrouded impeller. There were m any modifications

made b y  different m anufacturers, such as the single 
suction, the double suction, and the double-single 
suction where the dividing vane came to the pe
riphery. All worked upon the same principle: what 
entered at the hub m ust 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. W ith 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 attem pt 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 7J/j horsepower) 
being driven b y  an 8-inch double-ply belt, which was 
so severely treated that the com plaint 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 w ay  in which 
a centrifugal pump with an open impeller can be 
made to work satisfactorily is to p ut on a large motor 
or engine.

The next improvement of notew orthy importance 
was the splitting of the shell horizontally. M any 
manufacturers at the present time do not do this, 
but it lends an advantageous accessibility to the 
pump. W ith 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, w ithout disturbing 
piping or motor. It simplifies greatly the use of 
renewable running rings which are very  convenient 
with enclosed impeller pumps. Tw o 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 w hether 
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 m anufac
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 b y  various methods, 
but there is almost alw ays some unbalanced thrust 
th at will cause trouble if it is not cared for b y  mechan
ical means. The thing next in importance is low 
efficiency. E ve ry  effort in both design and construc
tion had been given to create pumps which will deliver 
the highest possible amount of energy compared to 
th at 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 th at pumps 
can be built as cheaply as possible. Before taking 
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 alm ost every 
part of every kind of pump. As with the w ater 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 w ater is changed 
in any w ay whatever, the efficiency jvill drop; the 
alteration of the head will also change all of the di
mensions. For this reason m any manufacturers work 
out from operating pumps a set of charts which they 
follow, and the result is th at 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 m ay work out 
on the drafting table the exact shape of the water

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 th at it 
will be com pletely lost. A fter 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 m ay aim more to accomplish what 
is wanted in the adaptability of the pump than to 
gain a small increase in efficiency.

The size of the pump is determined b y  the amount 
of liquid and the speed at which it is to be discharged. 
U sually a speed of 10 to 12 feet per second is used.

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 m eas
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 w hat speed must 
be used to force w ater up into a very high standpipe. 
If the w ater has reached a standstill and nothing is 
being discharged, the speed of the impeller m ust be 
such as to hold the w ater against that pressure. It 
can be com pared to a falling body, and the velocity  
of the periphery of the impeller will be the sam e as 
th at of a falling body, falling from th at height in 
a vacuum . W e can easily calculate th at speed from 
the' law of falling bodies, V  — 2gh. For the 
pressure which the pum p can maintain with no dis
charge this law  will be exact, but when the pump 
delivers water, there are a large num ber 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 w ay the larger the angle, the less the pres
sure will drop w ith an increased delivery and constant 
speed and vice versa. If the angle mentioned above 
is small, the pressure will drop; if it is about 30°, 
it will be alm ost constant; if 4 5 °, it will rise slightly 
at first and then drop with increased delivery and if 
radial or greater than 90 °, it will rise alm ost its entire 
length. For ordinary work, the different m anufac
turers have a set of curves which show exactly  w hat 
each form of impeller will do. These are obtained 
b y  testing every pum p they make and tabulating the 
results accordingly. For the working pressure the 

form ula then becomes V  =  n \/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  w ith the base equal to the 
peripheral velocity, the angle between the 
base and the side th at of the tangent of 
the vane and the tangent of the circle 
and the altitude equal to the velocity  of the 
w ater from the impeller, then the diagonal 
drawn from the angle of discharge will be 
the velocity  head of the w ater under those 

conditions. Theoretically the cross-section area of the 
slot a t the rim should be the same as the suction 
opening at the hub, but m any manufacturers m ake it 85 
per cent, of th at 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 th at the width of 
the slot depends upon the diam eter of the impeller, which 
in turn depends upon the speed at the periphery and 
the working head. M any different kinds of m otive 
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 m ay 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  =  n \/2gh m any designers 
keep th at angle the same at all diameters, so that 
the diam eter of an impeller can be changed b y  sim ply 
turning it down on a lathe. A  spiral having that 
property is a logarithmic spiral having the equation 
Log p =  60  or p = azb0. It 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 w ant to 
double the head we m ultiply the speed b y  1.414. 
Also, if we increase the speed at the rim, we increase 
the speed of the w ater through the impeller, so th at 
the pump will discharge a much larger quantity  of 
w ater. The increased am ount of w ater which the 
pum p will throw will depend upon the size of the 
suction opening and the internal friction of the impeller 
itself. This can be closely determined b y  using a 
constant for the impeller. This constant is equal 
to the quantity  at any given speed, divided b y  the 
square root of the head.
If then, we determine 11  in 
the formula V  =  n \ / 2gh, 
where « is the ratio be
tween the working head 
and the shut off head, and 
then apply the above for- 

Q
mula K =  —7=., we can easily 

V/t
determine the quantity  
which the pump will dis
charge a t the higher speed.

Also, it is shown th at at 
a given peripheral velocity 
a small impeller run fast 
isjm ore economical than a 
large one run slowly, for 
the smaller impeller has
much less surface, and
although the friction in
creases w ith the speed it 
increases more rapidly with 
the larger surface. In the 
installation of the centrifugal pump, the qu an tity  
and the head for which the pump is designed should 
be adhered to as closely as possible. There w ill be 
a narrow range in which the efficiency of the pump 
will be the highest. E ve ry  effort is made to make 
th at 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 com mercially. Some of these difficulties can be 
overcome b y  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 w ays of balanc
ing this hydraulically, but the more im portant ones 
are those which were devised b y  Jaeger and b y  the 
Sulzer Bros, in Germ any. W ith single stage pumps, 
the one devised b y  Jaeger is used where the pump

has an enclosed impeller and b u t one suction. The 
idea consists in placing a running ring on the side of 
the impeller opposite the suction and connecting the 
cham ber so made with the interior of the impeller 
b y  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 adjustm ent. 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 m any little 
things within a centrifugal pump which m ight cause 
thrust, and some of these are utilized b y  different 
m anufacturers to balance the axial pressures, but 
the amount of thrust will change w ith wear and there 
are usually troubles from this source. Besides the 
single suction feature, thrusts will be caused b y  ribs 
inside the casing. If there is need for repair of a 
brace inside the casing, the rib or lug will cause an

c

unequal flow on one side of the impeller, and thrust 
will result. Another cause is th at in the casting of 
an impeller the core is usually made in tw o pieces, 
and if these are not placed properly the vane will 
have a diagonal slant which will cause unequal 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 m ust be filled in v e ry  
accurately and carefully, so th at there is neither a 
lug on the side of the impeller, nor an open place in 
the rim. The best w ay to rem edy this difficulty 
is to put a ring entirely around the circle, w ith the 
piece to fill the opening attached to it. A  large 
num ber of m anufacturers 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 w ith the slot in the impeller, there 
will be thrust, so th at if an y  are operating a pump 
having diffusion vanes and, after it has been assembled,
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the bearings begin to run hot, it m ight be from this 
cause. There is another w ay  of balancing a single 
suction impeller, and th at is b y  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 typ e 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 th at it will increase or 
decrease the internal friction b y  changing the length 
and cross-section of the channel. Also, the smaller 
the angle the lower is the w orking pressure a t the same 
peripheral speed. This necessitates running an im
peller w ith 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 b y  the character
istic desired, this loss of efficiency m ust 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 b ack leakage from the dis
charge cham ber to the suction chamber. This will 
am ount ordinarily to about 5 per cent. Different 
devices have been used to make this a minimum. 
Some are sim ply closely fitting rings, while others 
are labyrinth packings. The use of a labyrinth, 
however, necessitates clear w ater w ith no grit. A n 
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 w ater from the rim of the impeller to the discharge 
of the pump. T h ey are used to prevent shock losses. 
There is a discussion now between the different m anu
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 th a t 
is th at the one who does not use diffusion vanes com 
petes upon an equal efficiency basis w ith the one who 
does. To still lower eddy currents, one m anufacturer 
divides the casing opposite a radial discharge with 
a vane so arranged th at the w ater m ust take the shorter 
route to the discharge opening. This pump seems 
to show about the same efficiencies as the others. 
There has Ijeen 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 claim ed that this 
revolving vane increases the efficiency 25 per cent.

There is alw ays the aim to use a more simple de
sign to decrease the price. W hen a m anufacturer 
has to meet competition, he will frequently offer 
a  pum p which is simpler, and for which the same 
efficiency is guaranteed. It will be seen on close 
exam ination th at there is a lack of one of the chief 
features desired— either accessibility, ruggedness of 
design, or some such point. The pum p will have 
but one bearing, and will depend either upon a gland 
for a bearing or upon a rigid coupling to the m otor

shaft, and use the motor bearings. Another scheme 
is to place the arm ature of the motor and the 
impeller of the pump on the same shaft. One m anu
facturer has brought out a line of both horizontally 
and vertically  split pumps, so th at th ey can be as
sembled in single or m ultiple stages to suit the con
dition. The use of the vertically  split shell seems to 
me to be a poor design for the reason th at just where 
one needs wearing qualities, there is a joint and 
packing. Also, the distance at the running joint 
depends som ewhat on the packing. W ith the single 
piece volute or the horizontally split shell, the running 
joint is alw ays fixed when the rings are made, and 
the distance between them is a minimum. I m ight 
state here th at in replacing a  sheet packing a t any 
tim e 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 
m ust be the same.

W hen purchasing a pump from the dealers, the 
details should be most carefully examined. There 
has alw ays been an impression, created b y  the first 
forms of the centrifugal, th at this typ e of pump 
must be necessarily cheap. For this reason there 
are m any pumps offered to-day which are built en
tirely  on the old lines. These pumps cost about 
one-third of w hat a  good centrifugal costs, and although 
the efficiency m ight be quite high a t the start, it 
soon drops. I have tested new open im peller pumps, 
which had an efficiency of 18 per cent. These pumps 
are offered in com petition w ith 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 pum ps of the old typ e had advertised very  
w idely a pum p th ey 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. T h ey had mentioned an efficiency 
of 70 per cent., and other features known to be of ad
vantage. W hen the proposal was received, it was 
the same old design, w ith the open impeller, the glands 
for bearings and so forth, which th ey guaranteed 
to have an efficiency of 70 per cent. T hey were asked 
w hy they had gone to the trouble of designing and 
advertising the other pum p when the old style was 
guaranteed a t the same efficiency, etc. No answer 
was ever received. M any of the dealers in the old 
line advertise the same as the more modern m anu
facturers and when a purchaser sees th at the machine 
is not up to the guarantee, they offer every possible 
excuse. One of these pum ps failed when tried on the 
work for which it was intended. The pump dealer 
said th at 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. 
R ecently in one of the most m odem  plants in Detroit, 
I saw one of these pumps with a 40 horsepower m otor
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doing 14 horsepower work, and the m otor was running 
so hot th at the hands could not be held on the frame. 
The pump was guaranteed higher than even the most 
m odem pumps can reach, b u t the m otor 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 th at the running rings are not unduly worn. 
These can be replaced a t v e ry  slight cost a t any time, 
and the efficiency will be higher than when the pump 
was new.

In using one of these pum ps for chem ical problems, 
there are m any things to consider besides the efficiency, 
yet this should be kept as high as possible. The pump 
m ust meet the conditions, and when the chemical 
engineer has to pump liquids of different densities 
from different tanks, a t different levels through 
suction lines of different lengths to tanks sim ilarly 
situated, the head is b y  n6 means constant, the gallon- 
age varies through wide limits, the power required 
varies sometimes 300 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 b y  the writer for m oving 
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 
m any 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 tom  out, the sleeves 
on the shaft were scored and cracked, the liquid had 
wormed its w ay  into the join t between the impeller 
and the shaft causing the runner to wobble. It  was 
tom  beyond repair, and the running rings were useless. 
The firm rebuilt the pump, and it is now pumping 
water. W e designed and built our own pump after 
that trial. In the design of th at pump, we eliminated 
■everything we could and built a very  h eavy design 
throughout.

In a pump for chem ical use where the upkeep is 
considerable it seems to me that sim plicity should 
be the first consideration. Although small clearances 
m ight increase the efficiency slightly, th ey should 
be avoided except in the running rings and these 
should be made easily replaceable. A void  a labyrinth 
packing, because it has too close clearances, and 
will wear excessively. Use single stage pumps, 
using two rather than one double stage. In this 
w ay the use of diffusion vanes are avoided, and narrow 
passages are not needed except in the impeller. A t 
the exit of the impeller, do not m ake a narrow running 
joint, but leave it more like a box. The efficiency 
m ay not be as high, but you can then alter the size 
of the impeller at will, and there are only smooth 
surfaces w ithin the casing. Secondly, the chem ist’s 
pum p m ust be easily accessible. For this reason, 
we built a horizontally split machine. These are 
m ade b y  several manufacturers, and are v e ry  easily 
opened to clean out a choked impeller, or to renew

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 extrem ely large, the entire volute 
and suction connections are made in tw o 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 
b y  a Y  pipe. The running rings should be as plain 
as' possible, because all edges will wear. If a passage 
w ith an angle in it can be used it will be well to put 
one in, but each part should be made so- th at it is 
replaceable. In all cases I would recommend out
board bearings. These m ay rise from the base, or 
be located on cantilever supports from the side of 
the casing. This arrangem ent prevents w eight and 
wear coming on the glands, and th ey can be oiled 
or adjusted at an y time. T h ey should be much 
heavier than for water and if precipitates are to be 
handled, I would use heavy thrust collars, for a chunk 
of m aterial m ay get into one side of the impeller and 
none in the corresponding side before the first 
one is worn down and forced through b y  the liquid. 
The result is end thrust which has to be taken up 
m echanically, and if it is not cared for b y  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 th at a marine thrust bearing is necessary, but 
a thrust collar will not be useless. Frequently, 
rivet heads, bolts or trash will get into the chem ist’s 
pump from open tanks and these will disturb the 
hydraulic balance of the pump. In pum ping pre
cipitates, a screen inserted in the suction pipe increases 
the suction head on the pump, and sometimes will 
plug w ith 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. A s 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 pum ping alkalis 
and some acids, the casing can be of the same m aterial 
as the liner, and the outside skin of the casting will 
stand more than most m aterials of which a  liner can 
be made. There is good reason, th at of electrolysis, 
w hy a lining of a different m aterial should not be used 
in a chem ist’s pump. This will be emphasized later. 
This also applies to sleeves on shafts. I t  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 alw ays corrosion a t the glands, and where there 
m ight be electrolysis a sleeve does more harm than 
good. W ith the h eavy casing should be used h eavy 
flanges. These will stand an y pressure which m ight 
be p ut on them  from  outside. If a pump plugs 
with a precipitate, the easiest w ay  to clean it out is 
to put high pressure w ater on the pum p and push 
the plug out or dissolve it. The heavy casing and 
flanges will not give trouble under these conditions.
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I have seen thin pumps break when this was being 
done. T hey will also stand much more w ater hammer, 
which sometimes occurs when a pump is pushing 
the w ater 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 w ater 
and it is better to so shape the casing at the side 
th at it protrudes inw ardly 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 
inw ardly projecting pieces chew down over one-

fourth of an inch in eighteen months. W e sim ply 
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 m ight 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 th at point. If there is, it will be caught in this 
channel and from there to suitable receivers. The 
impeller will wear aw ay faster than an y other part. 
This is due to various causes, and the only w ay  which

will really give the best service, is to build it very 
thick and heavy. For water, the usual thickness 
is about ■!/,, inch, but I do not think V s  or Vs >nch 
too much. I have seen cast iron impellers of th at 
thickness wear out in 4 months so th at the thinner 
impeller would be almost useless. This means special 
patterns for the m anufacturer of w ater pumps, but 
it more than pays. In placing the impeller on the 
shaft, be sure that the liquor will not be able to get 
a t either the key  or the shaft. If it does it might 
cause the impeller to wobble, with results th at are 
obvious. The surfaces should be as smooth as possible, 
but it is not necessary to make them as smooth as 
for pum ping 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 m inute and an efficiency of 25 
per cent. Four months later this same impeller had 
a capacity  of 300 gallons per m inute and an efficiency 
of 60 per cent. The efficiency usually guaranteed b y  
the m anufacturers of this type of a pump is between 
45 per cent, and 58 per cent. In the construction 
of the chem ist’s pump various m aterials can be used. 
For alkalis an all-iron pum p meets the condition 

very  well. W hen the alkalis are full of 
a precipitate a harder m etal must be 
used. The running rings m ay be m ade 
of monel metal, or nickel steel.

For some solutions, we can build the 
pum p of bronze, monel metal, hard lead, 
or stoneware. I do not like stoneware 
pumps, as the strength of the m aterial 
is very  low, and because of this, slow 
speed m ust be used. This means th at 
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, b u t better 
made iron pum ps took power out of all proportion to the 
work done. One of the problems which the chemist m ust 
alw ays face is the speed of the impeller. W ith 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 pum ping acids, it must be very 
carefully examined. M any of the metals and alloys 
w ithstand acids for the reason th at there is formed 
on the surface a skin of oxide or a salt, which adheres 
to the m etal and protects it. W hen this is used in 
a reciprocating pump, the salt is hard enough to 
withstand the slow speed, b u t on the rim of an im peller 
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 m ade 
into an impeller. The only w ay  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 
in place. The m ultiple stage pump for chemical 
use has too m any com plicated 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. W ith a rapidly moving

surface, which is alw ays clean and bright, electrom otive 
forces will do far more than where sediment is allowed 
to collect. I have seen monel metal w ithstand alkali 
solution for months, even at high speed, and I have 
seen a monel m etal 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 electrom otive force between them suffi
cient to cause trouble, and a peculiar fact is th at one 
m ay 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. Some
times it is possible, b y  placing in the suction line 
a heavy thick pipe made of a m etal which is electro
positive to the m aterial of 
the pump, to plate and keep 
plated the inside of the 
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 
entire outfit practically of 
one metal, all the different 
electro-negative parts be
come polarized, and the 
corrosion ceases.

When handling precipi
tates, impellers erode very  
rapidly. As shown before, 
the capacity  and the
efficiency increases, and 
this will continue until 
the wheel will drop into 
three pieces, the hub and 
the two sides. A s it wears,

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 aw ay the outer 
edges faster than the center leaving a ridge. N ot 
only does the slot become broader, but the out

side of the shroud also wears aw ay, about 
in proportion to the distance from the 
hub. The wearing is dependent also 
upon the hardness of the m aterial from 
which it is made. I have not made 
scleroscope tests, but governm ent bronze 
in alkali solutions lasts longer than cast 
iron, monel will last longer than govern
ment bronze, and nickel steel the longest 
of any tried. These were pum ping 
approxim ately the same material, con
taining 60 per cent, b y  volum e of precipi
tated  salts. This property of hardness 
applies to all parts' of the pumps, the 
running rings even more than the impeller. 
In using metals for the rings, however, the 
selection m ust be made so th at there will 
be no chance of one ring seizing the other. 
I have had this happen twice with monel 
metal.

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 w ay  that the packing can be filled with the grease 
at any time. In this w ay, the wear on the shaft 
a t 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

g
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stream running into the stuffing box from an outside 
source, the precipitate will force, its w ay  into the 
packing and cut it into pieces very  quickly. I have 
seen a V 8-inch packing, 6 rings deep, cut to pieces 
in one hour, b y  salt getting into it. In pum ping 
m ilk 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 m etallic 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, governm ent bronze, phosphor 
bronze and tobin.

There is one point to be made in handling sludges. 
T hey are naturally hard to pump. M any of us at
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first thought would try  to overcome this difficulty 
b y  using one size larger pipe. In doing this we would 
m ake a very  gross error. W e should use one size 
smaller pipe, and a pump which will g ive enough 
pressure to push the sludge through it. The cause 
for the precipitate remaining in suspension is the 
speed of the liquor. I f 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 
w hat 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 w hatever the 
piping m ight allow. I have seen horizontal pipes 
which were carrying hot solutions so hot on top

th at the hand could not remain on them at all, but 
com paratively 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. Am ong these are 
mechanical friction, liquid friction, back flow, shock, 
and eddy currents. W hen 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 m anufacturers will not guarantee 
efficiency for anything but water. In both cases the 
m echanical friction will remain the same for equal 
loads. There will be a much larger liquid friction 
due to the fact th at 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 th at the liquid

cannot adjust itself so easily 
to its surroundings. I have 
been hoping to be able to 
give you a curve which 
would show the relative 
efficiencies of the pump 
w ith which I have been 
working compared to the 
relative viscosities. Owing 
to the trouble of measuring 
the am ount pumped and 
the necessary alterations 
to accomplish this, I have 
not been able to work 
the data out at this time. 
W e m ay use larger piping 
and slower speeds if the 
viscous solutions contain 
no sediment. The impeller 
should also be built to 
deliver at a v e ry  much 
slower speed than for water. 
In this w ay, the efficiency 
m ight be kept up reasonably 

high. In using a m otor for this purpose, allowance 
should be made for both the higher specific g ra vity  
and the lower efficiency. W hen calculating pipe 
friction the viscosity will greatly  alter the w ater 
rating. W hen a centrifugal is pum ping 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 m ight think. A lthough the 
pipe m ay be shorter, and the tank lower, an increased 
am ount of liquor will raise the pipe friction so much 
th at the pum p will alter its load b u t slightly. This
m ay be a more expensive w ay  of pum ping than if
the pump were made for the lower head but it makes 
the pump adaptable to both conditions. Frequently 
a pum p can be designed to pum p a small amount 
to a much higher or even a lower head than the normal 
rating. E ach condition m ust be studied most care
fu lly  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 m aterial of which the pump 
can be made. A  line of hard lead pum ps designed 
like those of 20 years ago, has been on the m arket 
for a long time. T h ey cut out very  quickly, and most 
of the trouble is a t the gland where the sleeves quickly 
erode so th at the steel shaft is exposed. This pump 
overcomes all such troubles for the reason th at it 
has no gland, nor packing, and can be- made on the 
most m odem  lines. The impeller can be either en
closed or open, and it can be built for heads up to even 
75 or 80 feet. The shaft is vertical, very  h eavy and 
covered w ith a hard lead sleeve. I t  is supported 
from tw o bearings placed from 3 feet to 6 feet apart 
according to conditions. The impeller is a t the lower 
end of the shaft, overhung perhaps 6 feet. Around 
the impeller, is a suitable casing w ith discharge con
nections. The suction opening to the casing is the 
novel feature. I t  extends upward like an open 
pipe for about four feet. The liquid to be pumped 
is sim ply fed into this open pipe, either a t 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. T h ey can be 
built of any capacity  or head desired.

In closing, I w ant to mention an arrangement of 
a centrifugal pum p with direct current electric motors. 
W e all know  how a series wound m otor will operate 
under varyin g  load. It  changes its speed running 
faster as the load decreases. If in pum ping sludges, 
we use a pump w ith a -drooping characteristic and 
then use a highly overcompounded motor, the pitch 
of the characteristic can be made very  steep. The 
operation of a pum p under these conditions is such 
th at a decrease in quantity discharged decreases the 
load on the motor, which instantly speeds up, creating 
more pressure and rem oving a plug alm ost before it 
has formed. This same idea could be applied to a 
pump which has a roun ded ' characteristic. A s the 
pressure tends to drop with the quantity  on very  low 
discharge, the horsepower will also drop, causing the 
m otor to speed up. The result is th at the shut off 
speed of the m otor 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 m ust be higher than the operating pressure, 
this m otor will assist in obtaining th at result w ithout 
using the impeller w ith the longer channels. M any 
tim es also, an adjustable speed m otor will help us 
to obtain th at flexibility of the steam pump, with 
the advantages of the centrifugal, w ith a speed varia
tion of less than 40 per cent.

N EW  FO R M S OF GAS A N A L Y SIS A P P A R A T U S ."
B y  G. A. B u r r e l l .

R eceived Ja n u a ry  2. 1912.

The gas analysis apparatus here presented were
1 P ap e r read  before th e  In d u s tr ia l D ivision of th e  A m erican Chemical 

Society, 45 th  m eeting. W ashington , D ecem ber, 1911. B y  perm ission of the 
D irecto r of th e  U . S. B ureau  of Mines.

assembled b y  the author for the conduction of work 
having to do w ith the exam ination of mine and natural 
gases. The points of novelty  involved lie in the 
entire assemblages. The author took w hat 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 .io  cc. Readings can be made to 0.05 cc. 
The compensating attachm ent is similar to H em pel’s 
adaptation of Petterson’s principle. M ercury is used 
both in the burette, combustion pipette and m anom eter 
tube j. The gas sample is drawn into the burette 
through the 3-way stopcock g. The burette is gradu
ated from g down. P ipette a contains caustic potash 
solution for absorbing carbon dioxide; b contains 
fum ing sulfuric acid for absorbing unsaturated 
hydrocarbons; c 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 b y  J. E. B ab b 1 and used b y  
him for absorbing carbon monoxide from a gas m ix
ture b y  means of cuprous chloride solution. A  side 
view  of the pipette is shown at ni. The gas m ixture 
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. Tw o. pipettes of this character when 
filled ■tvith cuprous chloride solution are sufficient, 
when one of the solutions is kept quite fresh, for th e 
rem oval of carbon monoxide from m ixtures, even 
when the former is present in great concentration, 
and for the analyses of an y of the industrial gases 
now used for heating, lighting and power purposes; 
/ is the slow-combustion pipette. The slow-com- 
bustion m ethod of burning the com bustible gases 
in a m ixture, admits of the use of a larger qu antity  
of the residual gas for analysis, than when the ex
plosion m ethod is used. This is especially im portant 
when the m ixture being analyzed is rich in com 
bustible gases, as natural gas, which contains, not 
infrequently, 99%  of paraffin hydrocarbons. R e
sidual gas left after the absorbable constituents are 
removed and which is rich in com bustible 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, a t the rate of 
10 or 20 cc. per minute, to com pletely bum  the com 
bustible gas. The slow-combustion m ethod pos
sesses a further advantage in th at hydrogen or elec
trolytic gas does not have to be added to a non-ex
plosive m ixture for the combustion.

1 E ng ineers ' Society  of W estern  P ennsy lvan ia, 20 , 421 (1904).
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For a separate hydrogen determination, the pal
ladium asbestos tube shown attached to n is inserted 
just above the slow-combustion pipette f. A  small 
alcohol lamp mounted on a stand provides the neces
sary heat, about io o °  C., for the com bustion of the 
hydrogen.

The pipette i  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 
w ith the drawing of the gas sample into the burette 
through the 3-way stopcock g avoids the so-called

plosion pipette. Consequently it can be furnished if 
desired. The usual capillary error in an appa
ratus of this typ e is avoided b y  using the end pipette 
for the purposes already described and the drawing 
of the sample into the burette through the 3-way 
stopcock a. D uplicate determ inations should agree 
within 10 or 15 per cent.
A P P A R A T U S  F O R  T H E  A N A L Y S E S  O F  N A T U R A L  G A S E S .

The apparatus shown in Fig. 3 is a modification 
of the apparatus shown in Fig. 1, and is used a t the 
bureau laboratory in analyzing natural gases. N at
ural gases appear to consist of paraffin hydrocarbons 
w ith carbon dioxide and nitrogen present as impurities. 
O xygen seems to be present in a sample only as a 
result of fau lty  sampling. Carbon monoxide, hydrogen 
and define hydrocarbons have not been found in m ix-

A JP
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Fig. 1.—L ab o ra to ry  form  of ap p ara tu s  for m ix tu res  con tain ing  C 0 2, 0 2, C2H 4, CO, Ha. CH4, an d  Nj. C apac ity  of bu re tte . 100 c c . ;
b u re tte  g rad u a ted  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. F or less 
accurate work w ater 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. W ater is used 
both in the burette and slow-combustion pipette. 
Some accuracy is of course sacrificed b y  the use of 
water, but the apparatus was built for technical 
purposes, w ith 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 exam ined a t the Bureau laboratory. 
The apparatus shown consists of the pipette a for 
rem oving carbon dioxide, the pipette b for rem oving 
oxygen, the slow-combustion pipette c and the 
nitrogen pipette d. M ercury 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 rem oved can be used for the com bustion analysis.

M IN E  A IR  A P P A R A T U S .

The apparatus shown in Fig. 4 is a modification 
of the apparatus designed b y  J. S. H aldane1 for the 
anafysis of mine air. The burette has a capacity  of 
'21 cc. and is divided into the ungraduated bulbs at

1 "T h e  In v estig a tio n  of Mine A ir,”  by  S ir  C lem ent Le Neve Foster and  
J .  S . H aldane , 1905, p. 101.



April, 1912 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y .

the top having a capacity  of 15 cc. and the stem 
graduated in 0.01 cc. and having a cap acity  of 6 cc. 
The pipette a contains caustic potash solution for 
the rem oval of carbon dioxide, and the pipette c 
alkaline pyrogallate solution for the rem oval of o xy 
gen; b is the slow-combustion pipette. Mercury 
is used both in the burette and slow-combustion 
pipette. B urette readings are made against the 
pressure of air confined in the com pensating tube b y  
bringing the caustic potash solution to the marks 
m and n. Carbon dioxide, methane, and oxygen 
can be determined w ith an accuracy of 0.02%. D u
plicate determ inations usually check within 0.01% . 
Carbon monoxide and hydrogen can be just as ac
curately calculated from the com bustion data b y  
determ ining 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 an alyti
cal w ork connected with other ventilation studies 
than those having to do w ith mines.

A P P A R A T U S  F O R  M E T H A N E  D E T E R M IN A T IO N .

Fig. 5 shows an apparatus constructed for the exact 
determ ination of methane in mine air. A t a few 
mines in this country and a t m any mines abroad, 
mine air samples are daily collected from different 
parts of the mine and examined as to their methane 
content. W inkler’s titration m ethod is generally 
adopted. In W inkler’s1 m ethod the carbon dioxide 
formed b y  the com bustion is absorbed in a standard 
solution of b aryta  water. The excess of baryta  water 
is then determined b y  titration with a standard solu
tion of oxalic acid. The scheme necessitates a pre
lim inary determ ination 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 manom eter b and com pensating tube c 
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. 
A fter burning, the pipette is allowed to cool and the 
gas then transferred back to the burette and the 
contraction in the volum e due to the burning of the 
methane determined. This contraction in volume, 
when divided b y  2 and calculated to a percentage 
basis, gives the methane originally present in the 
mine air. M ercury is used both in the burette and 
com bustion pipette. W ater is used in the manometer 
tube b. A  determ ination can be made in less than 
xo minutes with an accuracy of 0.01% . Methane 
is the com bustible gas com monly found in coal mines, 
hence com plications of the combustion data because 
o f the presence of other com bustible gases need not 
be greatly  feared. Paraffin hydrocarbons higher 
than methane m ay be occasionally present, but if 
so usually only in traces.

P O R T A B L E  FO R M  O F A P P A R A T U S  F O R  D E T E R M IN A T IO N  

O F M E T H A N E .

In Fig. 6 is shown portable apparatus similar in
V 'H a n d  book of Technical G as A nalyses”  b y  Clemens W inkler, 2nd 

E nglish  edition , tran sla ted  by  George Lunge, 1902, p . 156.

ig. 2.—P o rtab le  a p p ara tu s  for m ix tu res  con ta in ing  CO?, 
Os, C2H 4* CO, H 2. CH«, and  N 2. C apacity  of b u re tte , 100 
cc.; b u re tte  g rad u a ted  in  0.2 c c .; w a te r  to  be used  in 
th e  b u re tte  and  com bustion  p ip e tte .

F ig. 3.—L ab o ra to ry  fo rm ;  of a p p a ra tu s  fo r 
n a tu ra l gas analysis. C apacity  of b u re tte , 100 
c c . ; b u re tte  g rad u a ted  in 0 .1 cc.



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y .  April, 1912

Fig. 4.—L ab o ra to ry  form  of a p p a ra tu s  fo r th e  
ex ac t analysis of m ine a ir. C apacity  of b u re tte , 
2 1  cc. ; capac ity  of bulb  of b u re tte , 15 cc. ; capac
ity  of s tem  of b u re tte , 6 cc,; stem  g rad u a ted  
in  0.01 cc.

Fig . 5.—L ab o ra to ry  form  of a p p ara tu s  fo r th e  e x ac t d e te r
m ina tion  of m ethane. C apacity  of b u re tte , 21 cc. ; c ap ac ity  
of s tem  of b u re tte , 6 cc.'; capac ity  of bu lb  of b u re tte , 15 
cc. ; s tem  of b u re tte  g radua ted  in 0.01 cc.

construction to the one just described. A  storage 
b attery  can be used to heat the platinum  coil. A  
b a ttery  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. W ater is used both in 
the burette and slow-combustion pipette, b is the 
slow-combustion pipette. I t  is accurate to 0.10% . 
This apparatus was devised for the purpose of m aking 
a quick determ ination of methane, for use b y  mining 
men who are not chemists. The sample is measured 
in the burette at atm ospheric pressure and then passed 
into the slow-combustion pipette where the platinum  
coil is heated to a w hite heat for 3 Va minutes. A fter 
burning and cooling, the gas is transferred to the

-burette and the contraction in volum e measured.
T his contraction is divided b y  2 to find the methane.

P O R T A B L E  FO R M  O F A P P A R A T U S  F O R  T H E  D E T E R M IN A 

T IO N  O F M E T H A N E  A N D  C A R B O N  D IO X ID E .

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

In Fig. 9 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 m eant to be used in con
nection w ith ventilation studies having to do with 
those places, a contains caustic potash solution and 
b alkaline pyrogallate solution. Mercury is used in 
the burette.

In Fig. 10 is shown a portable apparatus for the 
exact determination of carbon dioxide only: a is
the caustic potash pipette. M ercury is used in the 
burette. W ater is used in the manom eter tube.

In Fig. 11 is shown a modified Orsat apparatus 
used b y  the author in the analyses of mine fire gases. 
Considerable aid m ay be rendered in subduing mine 
fires b y  analyzing samples of the atmosphere taken 
from behind stoppings, in order to determine whether 
the latter are sufficiently tight to exclude air, or 
whether, b y  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 h ave 
during the entire period th at the fire area is sealed,, 
and before entrances are made to reopen the area.

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

D E T E R M IN A T IO N  O F  SM A L L  A M O U N T S O F C A R B O N  M O N 

O X ID E .

The iodic acid m ethod is used for the determination.
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Fig. 6 .—P o rtab le  gas analysis a p p ara tu s  for th e  e x ac t d e te r
m in a tio n  of m ethane. C apac ity  of b u re tte , 20 c c .; capac ity  of 
bu lb  of b u re tte , 17 c c .; c ap ac ity  of s tem  of b u re tte , 3 c c .; s tem  
g rad u a ted  in 0.01 cc.

F ig . 7.—P o rtab le  ap p ara tu s  for 
th e  d e te rm ina tion  of m ethane 
in m ine air. C apacity  of b u re tte . 
100 c c .; capac ity  of bu lb  of 
b u re tte , 80 c c .; capac ity  of s tem  
of b u re tte , 20 c c .; s tem  g ra d 
u a ted  in 0.05 cc.

Fig. 8 .—P o rtab le  gas analysis a p p ara tu s  for the  de te rm in a tio n  of carbon  
dioxide an d  m ethane. C apacity  of b u re tte , 20 c c .; capac ity  of bu lb  of 
bu re tte , 17 c c .; cap ac ity  of s tem  of b u re tte , 3 c c .;s tem  of b u re tte  g rad u 
a te d  in 0.01 cc.

oxygen. C apacity  of b u re tte ,*15 c c .; cap ac ity  of s tem  of b u re tte , 3.5 cc.; 
capac ity  of bu lb  of b u re tte , 11.5 c c .; s tem  g ra d u a te d  in  0.01 cc.
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of very  small quantities of carbon monoxide. The 
carbon dioxide formed b y  the reaction between the

Fig. 10 .—P o rtab le  ap p ara tu s  for th e  d e te rm in a tio n  of carbon  
dioxide in  m ine air. C apac ity  of b u re tte , 20 c c .; c ap ac ity  of s tem  
of b u re tte , 3 c c .; cap ac ity  of bu lb  of b u re tte , 17 c c .; s tem  of b u re tte  
g rad u a ted  in 0.01 cc.

iodine pentoxide and the carbon monoxide is absorbed 
b y  a standard solution of baryta w ater and the excess 
of same titrated w ith standard oxalic acid solution.

Fig . 1 1 .—P o rtab le  a p p a ra tu s  used  in fight
ing  m ine fires an d  exp loring  m ines a fte r 
explosions. C apacity  of b u re tte , 100 c c .; 
b u re tte  g ra d u a ted  in 0 .1  cc.

The apparatus as used differs from other types in that 
an electrically wound jacket is used to heat the tube

containing the iodine pentoxide and a special burette 
has been devised tor 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 th at any number 
of bulbs up to eight can be used for holding the 
sample. The gas is measured in the burette b y  
means of a level bottle, in the ordinary manner: a 
copper-constantine couple is used for registering the 
tem perature, about 150° C., within the iodine pentoxide 
tube. These and other devices designed a t the Bureau 
of Mines for exam ining gases will be fu lly described 
in a forthcom ing bulletin prepared b y  the author and 
his associate, F. M. Seibert.

AN IM PR O VE D  E X T R A C T IO N  A PP A R A TU S.

B y  W .  C . B l a s d a l e .

R eceived D ecem ber 18, 1911.

M any different forms of extraction apparatus, 
which make it possible to extract a num ber of samples 
w ith a low-boiling-point solvent sim ultaneously, 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 n o -v o lt  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 th at described b y  
H opkins (/. Am. Chem. Soc., 21, 645). I t  differs 
from the latter in th at the energy of the current is 
changed into heat b y  passing through resistance wire

instead of through incandescent lamps, the heat thus 
generated being im parted directly to the five iron 
plates upon which the flasks rest. It  differs further 
from an y of the forms w ith which the w riter is fam iliar 
in th at a condenser is attached directly to the frame 
of the apparatus, which condenser can be easily con
nected with an y 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 com pleted and obviating the need of a sepa
rate apparatus for this purpose. The details of con
struction are represented in the three accom panying 
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 5 x  V< x  24 inches resting on m etal cleats, 
fastened to the vertical supports as shown in Fig. 2. 
Tw o strips of wood (b of Fig. 1) i 3/4 x  I/l x  24 
inches are nailed to the extrem e edges of this support, 
and two wooden cleats (c of Fig. 1) ;>/< x I / < X 2 4 
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 b y  screws passing into the base. The 
wooden cleats support a copper plate (d of Fig. 1) 
5 x  I/M x  24 inches, which is provided with five

circular openings of a diam eter slightly greater than 
that of the heating plates. This p late is not fastened 
in place and can be readily rem oved 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 w ater pipes b y  cuttin g w ith a hack-saw to a height 
of a half inch. These plates are heated b y  the current 
carried b y  a nichrome wire 0.01 inch in diameter 
which passes from a switch attached to one of the 
vertical supports through a circuit which includes 
three com plete turns around each of the heating 
plates. The wire is insulated from the plates b y  means 
of strips of m ica; it is held in its proper position b y  
means of brass clamps fastened to the bed of the 
apparatus, each clamp holding tw o pieces broken 
from the stem of a Rose crucible, through w hich-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. 
A ll the plates were found to be uniform ly heated 
and the heat generated was sufficient to cause ether 
to boil violently  after the switch had been closed for 
ten minutes. A  high boiling-point liquid in one of 
the flasks attained a tem perature of 125°, but no diffi
cu lty  was experienced in reducing this tem perature 
b y  interposing a thin piece of asbestos between the 
heating plate and flask. •« I- ■ * ’> •

The Condensing Apparatus.— A  strip of wood 
(e of Fig. 2) 3/t x  z/ax  26 inches, nailed to the back 
of the tw o vertical supports, sustains the condenser.

The latter was made of block-tin tubing a half inch 
in external diam eter and provided w ith five lateral 
upright branches, each soldered in place w ith pure 
tin. I t  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 b y  means of a glass 
tube fitted w ith cork stoppers as shown in Fig. 1. 
The entire device takes up but little room and in no 
w ay interferes with the use of the apparatus during 
extraction. Distillation and extraction can be carried 
on sim ultaneously on different heating plates pro
vided the laterals of the condenser which are not in 
use are closed with cork stoppers.

U n i v e r s i t y  o p  C a l i f o r n i a ,
B e r k e l e y .

NOTES ON A  N E W  FORM  OF E X T R A C T IO N  T H IM B L E .1

B y  P .  A .  B o e c k .

R eceived Jan u a ry  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 thim bles m ay 
be of interest: Alundum , the m aterial 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 th at the resulting 
product is essentially pure fused alumina. This 
m aterial has been used quite extensively for abrasive 
purposes, replacing em ery 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 alum ina 
and consequently of higher abrasive efficiency than 
any other form of commercial, natural aluminous 
abrasive.

In the m anufacture of laboratory articles of this 
material, the fused alumina is crushed, graded to 
uniform mesh, m ixed w ith a small am ount of a suit
able ceramic bonding m aterial and burned at a high
tem perature in an ordinary porcelain kiln, where the 
bond is caused to v itr ify  or mature, giving it the 
strength of an ordinary porcelain body, and at the 
same tim e 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,
therm al conductivity, texture, m elting point, expan
sion due to tem perature changes, shrinkage, etc., 
which are desired. The three methods most generally 
used in obtaining bodies of different porosities are:
( i)  b y  varyin g the size of the grain or particles of 
the alundum, thereby changing the size of the voids;

1 P resen ted  a t  forty-fifth  m eeting  of th e  A m erican  Chem ical Society , 
a t  W ashington , D ecem ber, 1911.
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(2) b y  changing the kind; and (3) the am ount of 
bonding m aterials used. B y  combining these factors, 
suitable bodies m ay be obtained haying 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 w ith the com plete retention 
of the residue.

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

Messrs. Ross and Benner in their work at the A gri
cultural Experim ent Station a t the U niversity of 
Arizona, on the filtration of soil solutions and the 
separation of “ black alkali”  in certain characteristic 
western soils, showed that filters of this m aterial 
not only filtered more rapidly without changing the 
concentration of the solution and absorbed less than 
an y other type of filter on the m arket, but required 
less washing, were very  much more durable and could 
be cleaned and sterilized b y  igniting at the proper 
tem perature. 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 m ixtures 
of asbestos and kaolin, for rem oving the insoluble 
m aterial in tanning materials. Absolutely clear fil

F E R T IL IZ E R  C H E M IST R Y — A R E P O R T  OF P R O G R E S S .1
B y  P a u l  R u d n ic k .

R e c e iv e d  J a n u a r y  12, 1912 .

W hile it is too early to obtain figures on the con
sum ption of fertilizers in this country for the year 
just passing, all indications ju stify  the belief th at 
there has been the usual m aterial increase over the 
tonnage consumed in the previous year, which was 
estim ated, in round numbers, at about 5,750,000 
tons, an increase of about 14  per cent, over th at of 
1909. The average increase in the consumption of 
commercial fertilizers in the past decade has been 
something over 11 per cent, annually.

This m aterial increase in the consumption of com
mercial fertilizers naturally brings up the question 
of materials entering into this com m odity. .-•*

1 C hairm an’s address delivered before the  Division of Fertilizer Chem ists, 
. A m erican Chemical Society, D ecem ber 27, 1911.

trates were obtained in from '/ ,  to 2 minutes w ithout 
the use of any asbestos or kaolin m ixtures in these 
dishes as against from 82 to 130 minutes using the 
official method of filtration w ith the m at, a t 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 lim ited only b y  the texture, 
which m ust be fine enough to retain the residue and 
prevent it from penetrating the pores of the thim ble. 
R ap id ity  of flow and extraction can in this w ay  be 
increased m any times over th at obtained w ith the 
ordinary extraction thimble.

The chemist of a large rubber reclaiming p lant in the 
w est has recently had made an ingenious type of 
thim ble consisting of tw o thim bles semi-circular 
in cross-section so made th at when fitted together 
side b y  side, they occupy no more room than a  single 
thim ble, allowing tw o samples to be extracted  at 
the same tim e 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 
a t a great saving of tim e and solvent, and there is 
no reason w h y 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 typ e of inorganic extraction 
thim ble has not been lim ited to liquids, as recent 
tests indicate th at it can be used successfully for the 
filtration of gases and the separation of dust and fume 
from air, smoke, producer gas, etc.. quantitatively.

R e s e a r c h  L a b o r a t o r i e s ,
N o r t o n  C o m p a n y ,
W o r c e s t e r , M a s s .

The production of organic ammoniates, such as 
blodd, 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 cyanam ide in this 
country shows a decided growth, and a plant for its 
m anufacture is now being operated in this country 
a t N iagara 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. W hile 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 am m oniate could be assim ilated easily. 
From  the standpoint of conservation of our resources 
the tim e should be close a t hand when the nitrogen

ADDRL5 5 E.S
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in practically all the coal consumed will be saved 
and converted into ammonium sulfate. I t  is exceed
ingly interesting to realize th at practically all coals 
contain sufficient sulfur to combine with the nitrogen 
for production of ammonium sulfate and tw o differ
ent processes are now operated com m ercially on this 
plan.

It  is a well recognized fact th at organic ammoniates 
m ust be used in commercial fertilizers in addition to 
the inorganic ammoniates because of the demand 
for good m echanical condition, that is, a commercial 
fertilizer m ust work in the seed drill or other distrib
uting apparatus w ithout clogging. It  is obvious, 
therefore, th at w ith the increased consumption of 
commercial fertilizers, there m ust also be an increased 
production of organic ammoniates to meet w ith this 
requirement. Since the production of organic ammo
niates has not been able to keep pace w ith the increased 
consumption of commercial fertilizers, very  careful 
thought and study will be required to prevent ex
clusion of suitable materials b y  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 b y  leaps and bounds owing to the 
greatly  increased demand, will soon become prohibi
tive. From  a conservation standpoint, it also becomes 
im perative to utilize an y organic nitrogenous m aterial 
which is now going to waste, if it  can be so treated 
or produced, th at it can be shown to have a proper 
fertilizer value.

There is another point which m ay well be brought 
out in this connection, nam ely th at experience has 
shown th at varyin g availability  in the ammoniates 
of a com plete 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 im m ediately after the application of 
the fertilizer.

A  great deal of work has been done on the question 
of m aking the phosphoric acid in phosphate rock 
available b y  cheaper and more efficient means than 
b y  acidulation with sulfuric acid. None of the m any 
proposed processes for this purpose, however, has 
as yet proved sufficiently satisfactory to be operated 
com m ercially. Under existing conditions, basic slag 
is practically confined to the Eastern States. It  is 
to be hoped th at a suitable m ethod for producing 
available phosphoric acid from phosphate rock, other 
than b y  acidulation w ith sulfuric acid, will soon be 
discovered.

More experim ental evidence that phosphate rock 
itself cannot be used profitably as a fertilizer is accum u
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 im portant role of sulfur 
recently brought out b y  the W isconsin Agricultural 
E xperim ent Station is of the greatest interest. It 
is stated th at some crops require even more sulfur

3 °S

than phosphoric acid and th at the superior results 
obtained w ith acid phosphates over other phosphates 
m ay not be, due entirely to a difference in availability  
but to the additional sulfur supplied b y  acid phosphate 
in the form of calcium  sulfate.

Germ any continues to be practically  the only 
valuable source of ■ supply of potash salts, and the 
German potash controversy is so fam iliar to all that 
it need only be mentioned in passing. One of the 
results of this controversy has been to stim ulate the 
search for sources of soluble potash salts in this country 
to the greatest activ ity . In spite of repeated denials 
it appears certain th at the source of potash recently 
announced in M aryland deposits is feldspar and th at 
the proposed method of treatm ent consists in heating 
with salt and niter cake. The consensus of opinion, 
a t 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 w ith sodium or 
calcium  compounds causes a m aterial reduction in 
the percentage of potash, which is already low enough 
at best in the feldspar itself. The cost of lixiviation 
and concentration is adm ittedly prohibitive. The 
question of utilizing water-insoluble potash is being 
agitated even in Germany. One of the German 
Agricultural Experim ent 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 th at this m aterial is worthless as 
a source of available potash.

The report that the Departm ent of Agriculture 
had located deposits of soluble potash salts seems 
to have been prem ature; it is now understood that 
sources, not deposits, were meant. I t  is also announced 
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 
a t Fallon, Nevada, and it is to be hoped th at 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 b y  the fact th at 
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 th at 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 th at their 
function is a catalytic one.

Ii) this connection it is im portant to note th at the 
A. O. A. C. a t its m eeting this year adopted as a pro
visional method a modification of the official m ethod 
for determining water-soluble potash, consisting in 
leaching out the water-soluble potash from the sample 
w ith hot w ater much in the same m anner th at water- 
soluble phosphoric acid is rem oved in the determ ination
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of insoluble phosphoric acid. Considerable work 
has been done on this subject b y  the Committee on 
Potash of this Division and the results of the work 
of this com mittee indicate th at the modified method 
will give much more nearly the actual proportion of 
potash p ut into the fertilizer b y  the manufacturer. 
In the official method an average of 0.3 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 m any research workers both in 
this country and abroad as a part of their work on the 
biochem istry of soils and plants. It  has become 
very  evident th at 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 
b y  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 harm ful 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 b y  the plant roots them 
selves or m ay be produced b y  decomposition in the 
soil. " It is easy to believe th at fertilizers m ay exert 
a beneficial action on the soils to which they are ap
plied b y  suppressing the a ctiv ity  or harmfulness of 
such organisms or substances, but it does not follow 
th at this constitutes the entire explanation of the 
action of fertilizers. The idea th at fertilizers m ay 
act in part b y  rendering soluble or otherwise releasing 
unavailable elements of plant food from the soil 
is plausible, b u t lacks confirmation and cannot in 
an y event explain com pletely the mechanism of the 
action of fertilizers.

It  is more than likely th at the theory advanced 
b y  Dr. Cameron a t our m eeting a year ago, nam ely 
that no simple explanation can be hoped for, but that 
the entire m atter is enextricably bound up with a 
large num ber of other m odifying factors such as cli
m atic and meteorological conditions, tilth, drainage, 
seed selection, etc., is the best we have at present.

I t  m ay 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 w ater is necessary because th ey exert 
a protective action on the organisms with which he 
experimented. These organisms die v e ry  quickly 
in pure distilled w ater or in a pure sodium chloride 
solution, as well as in a pure cane sugar solution, 
and som ewhat 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 w ater and it 
is of interest to note th at the relative proportion 
of these salts in human blood is the same as in sea 
water, although the concentration in blood is much less. 

t Taking into consideration the fact th at practical 
experience has shown complete fertilizers to be almost

uniform ly of much more proportional value in pro
ducing increased crop yields than incomplete fertilizers, 
is it not possible th at a t least a part of the action of 
com plete fertilizers m ay consist in a similar protective 
action of their soluble constituents on the cells of the 
plant? T h at some action of this sort exists would 
seem to be further indicated b y  the results of the 
extensive researches published on the calcium-magne- 
sium ratio in soils.

W ith the enormous am ount of research work now 
being carried on in this field, it seems quite likely 
th at we shall soon come to a fa irly  comprehensive 
and clear understanding of the more im portant phases 
of the mechanism of the action of fertilizers in pro
ducing crop increases, so th at the m ost efficient 
manner of application m ay be determined w ith a 
reasonable degree of accuracy b y  scientific methods. 
This is a problem in which producer and consumer 
alike are interested and its solution will constitute an 
im portant chapter in the conservation of our resources.

Efficiency has come to be an im portant watchword 
in our every-day life, and much has been accomplished 
in this direction in agriculture b y  the use of im proved 
farm  m achinery. President T aft, in his address on 
“ Conservation of the Soil,”  before the National 
Conservation Congress, at K ansas City, last September, 
quoting from the Y earbook of the D epartm ent of 
Agriculture for 1898, pointed out that between the 
years 1855 and 1894, the tim e of human labor required 
to produce x bushel of com  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 3 cent s to io'/a cents. 
Between 1830 and 1896 the tim e of human labor re
quired for the production of a bushel of w heat was 
reduced from 3 hours to 10 minutes, while the price 
of the labor required for this purpose declined from 
iy3/t cents to 3x/3 cents. Between i860 and 1894, 
the tim e of human labor required for the production 
of a ton of hay was reduced from 3 5 '/ a  hours to 
11 hours and 34 minutes, and the cost of labor per 
ton was reduced from  S3.06 to $1.29. In  1899 the 
calculation made w ith respect to the reduction in the 
cost of labor for the production of seven crops of that 
year over the old-time num ber of production in the 
fifties and sixties shows it to have been $681,000,000 
for one year. B u t while it is possible to say  th at in 
the future there m ay be im provements in m achinery 
which will reduce the num ber of necessary hands 
on the farm, it is quite certain that in this regard 
the prospect of econom y in labor for the future is 
not to be com pared w ith th at which has been effected 
in the last 30 years.

T o these words of President T a ft I wish to add th at 
much profitable progress has also been made in the 
selection of seeds and in the m aterial and profitable 
increases of crop ’ yields from the use of commercial 
fertilizers. W hile the use of commercial fertilizers 
com monly shows a m aterial profit, there is doubtless 
much fertilizer used w astefully 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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PR O G R ESS OF T H E  C H E M IST R Y  OF PA P E R M A K IN G .
#

A rth u r D . L ittle  presented a  full rep ort on this su bject a t  
the T h irty-fifth  A n nu al M eeting of the A m erican  Paper and 
Pu lp  A ssociation, F eb ru ary  15, 1912 (see Paper  6, No. 10, 
p. 25), from  w hich the follow ing m aterial is taken.

A s in a  num ber of other industries— e. g., in glass m anufacture 
— paper-m aking in th e  U nited S tates is still too frequently  
regarded as a  hered itary art, while in G erm an y it  has becom e 
a  science. T h e e xten t to w hich th e industry has established 
itself upon a  scientific basis is evidenced in the special num ber 
of the Papierjabrikant, published in June, 19 11, and “ the pu b
lication  as a  w hole can n ot fail to  im press a n y  thoughtfu l Am erican 
paper-m aker w ith  th e seriousness of th e  com petition w hich he 
w ill u ltim ate ly  be called upon to m eet.”  F urth er evidence of 
the status of paper-m aking in G erm any is had from  th e 1911 
Proceedings oj the Vcrein der Zellsloff und Papier Chemikcr, 
wherein abstracts of 305 scientific studies covering alm ost the 
w hole field of pulp- and paper-m aking are given, and " a t  least one 
other volum e w ill be required to  com plete th e record for the y e a r.”

T h e  rep ort of W illiam  R a itt, cellulose exp ert to th e India 
Provinces E xh ib ition  of 1910, published in 1911, contains re
sults of studies on abou t fo rty  specim ens of wood to  determ ine 
their su ita b ility  for pulp-m aking. T hese investigations included 
trial cooks b y  the standard chem ical processes, and R ia tt  found 
the sulphate process m ost generally  effective. R ia tt  concluded 
th a t the follow ing species offer th e m ost prom ising fields for 
further investigation: Picea morinda (spruce); Abies pindrow
(silver fir); Bombax malabaricunr, Trerwia nudiflora', S a lix  
tctrasperma (w illow ); and Butea jrondosa. H is stu d y  of the 
Indian  grasses show s th at several of these are availab le  in large 
q u an tity  and furnish excellen t sources of paper stock; and he 
also found th a t the sulphate process, a t  a n y  rate w ith  certain 
specics, is adapted for the reduction' of bam boo, yielding pulp 
of such good color th a t it  is im m ediately availab le  for half
bleached papers. T h e su bject of bam boo as a  substitute for 
wood is to  be exh au stively  studied a t  the Indian  F orest Research 
Institu te, D ehra D oon. T his is of especial interest to  Am ericans 
in th a t R ichm ond has called atten tion  to Philippine bam boo 
as one of th e m ost prom ising substitutes for wood for paper- 
m aking. R ichm ond prefers the soda process for its treatm ent 
and reports th e yield  to  be 45 per cent.

T h e straw  paper industry, w hich is h ighly  developed in France, 
has been described b y  A badie. M any different kinds of paper 
are produced from  straw , and in the Lim ousin paper is m ade 
from  th is m aterial w ith o u t cooking. M anufacturers in the 
southw est of F rance cook th e straw  in ro ta ry  digesters for about 
four hours w ith m ilk  of lime.

A m erican  paper-m akers have been urged to give a  more gen
eral consideration of esparto, which, according to  the experience 
of English paper-m akers, stands in a  class b y  itself as a  raw  m ate
rial for the m anufacture of high-grade book papers. G reat 
quantities of esparto rem ain untouched in A lgeria  for lack of 
a  m arket. T h e  fiber from  the inner b ark  of the baobab or 
m onkcybread tree is also “ deserving of m ore general u tiliza
tio n .”  A m on g other m aterials, cottonw ood is said to  yield 
a b o u t 43 per cent, of absolutely d ry  fiber b y  the sulphite process.

T h e  m o st im portan t developm ent of 1911 in connection w ith  
paper-m aking is considered to  be the prospect opened ou t b y  
the new  Sim m ons sugar process of obtaining bagasse or waste 
sugar cane fiber in great quantities and in a  form  p articu larly  
availab le  as a  raw  m aterial for paper-m aking. T h e  large 
su pply of w aste fiber obtained under the new process is substan
tia lly  free from  pith, is reduced v ery  easily  b y  the soda process, 
and yields a pulp su itable for the m an ufacture of book and printing

papers. C ornstalk or m aize fiber is said to  still have its advocates.
T he year m arks no notable technical advan ce in the^ m anu

facture of sulphite fiber, b u t nevertheless considerable atten tion  
has been given to  the problem  of the u tilization  of w aste sulphite 
liquors. T h e m ost im portant developm ent in this direction 
is a  process introduced in Sweden wherein an im pure grade of 
eth yl alcohol is produced b y  ferm entation of th e w aste liquor 
a fter neutralization w ith  lime. H ow ever, th is process holds 
o u t 110 hope of avoiding the nuisance created b y  the w aste liquors, 
since distillery-slop is far m ore objectionable th an  the original 
w aste liquor, owing to  the presence in it  of large quantities of 
dead yeast. In  G erm any, attem p ts arc  being m ade to  utilize 
concentrated lyes, a fter elim inating th e sulphurous acid, for 
cattle  feed, b u t such utilization  has n ot so far been found p rofit
able. T h e em ploym ent of a  concentrated liquor for tanning 
in connection w ith  tannin e xtra cts continues to a certain  e x 
tent. A  m ethod of utilization entitled to careful stu d y  is th a t 
of Vogel, who recom m ended th a t the w aste liquor be evaporated, 
m ixed w ith  coal, and then burned. “ S ad u yn ,”  prepared from  the 
w aste lyes of sulphite mills, treated a t  abou t io o °  C. w ith sodium  
chloride, is said to  be used in the form  of a solution for satu ratin g 
porous m aterial for the absorption of the vapors of acrolein and 
other gases in the exh au st of m otor cars. T w o kg. of the powder 
is stated to  be sufficient for a  m otor vehicle run of 600 km .

T he chem istry of the sulphate process w as discussed b y  K lason  
and Scgerfelt (Papierjabrikant, Septem ber, 19 11). These authors 
poin t ou t th a t th e yields of fiber b y  the su lphate m ethod are abou t 
50 per cent., while those b y  the soda process are 3 7 per ccnt. W ith  
regard to the f onnation  of m ercaptan  in th e sulphate process, it  has 
been proposed th a t th is com pound be destroyed b y  nitrous gases.

A t  Skutskar, Sweden, the R iiunan soda process is in use; 
soda is recovered b y  p recip itatin g th e organic m atter from  the 
w aste liquor b y  means of carbon dioxide in the presence of so
dium  chloride, and the precip itated  m aterial is distilled for the 
production of acetone and wood alcohol.

I t  has been proposed th at Epsom  sa lt be substituted for alum  
in rosin sizing. Pauli and also K lem m  conclnde th at, although 
m agnesium  sulphate is n ot to  be regarded as a  com plete su b
stitu te  for alum , it  m a y  replace a  considerable proportion of 
the alum  used when used concurrently therew ith. L ittle  
points ou t in this connection th a t in m ost m ills m u ch m ore alum  
th an  is necessary is com m only used.

In  coloring, indanthrene blue has been introduced as a 
substitute  for ultram arine. W hen th is d y e  is em ployed, it  is 
said to  be possible to obtain  a  back w ater free from  color.

I t  has been pointed ou t b y  Lehm an th a t  the waste w ater 
loss from  paper m ills frequen tly  am ounts to 10 per cent, of the 
m aterials used, and th a t of this loss fu lly  90 per cent, is re
coverable, even b y  sim ple sedim entation m ethods.

L ittle  urges th e establishm ent of a  school of paper-m aking 
in this country. I t  is stated  th a t the m atter has been taken  
up b y  th e Boston Paper T rade Association.

R E C E N T  INVESTIGATION S ON A LLO YS.

A d van ce proofs of papers to  be presented before th e In stitu te  
of M etals, issued January', 1912, contain m uch of in terest to 
the industrial chem ist. A b stracts of several of these follow.

Rosenliain, in a  discussion on th e "N om en clature of A llo y s ,”  
directs attention  to  the confusion w hich exists a t  present in 
the nam ing of alloys, especially in the use of the term s “ brass”  
and “ bronze,”  w hich are som etim es em ployed in contradiction. 
A  system  is suggested in w hich the class nam e “ b rass" includes 
all a lloys whose principal constituents are copper and zinc, 
and "b ro n ze”  those containing copper and tin ; and w hen other
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m etals are present, each particular a lloy  is distinguished b y  a 
prefixed addition to  the class name, for exam ple, the so-called 
“ A ich  m eta l”  would be term ed "iron  brass”  and "m anganese 
bron ze”  would be know n as "m anganese brass.”

Bengough, in a paper on the “ Properties of A llo ys a t  H igh 
T em peratures,”  g ives determ inations, through ranges of tem pera
ture up to  their m elting-points, of th e influence of tem perature 
on th e breakin g tensile stress and elongation of copper and alum i
num, a lloys consisting of "a single, simple, solid solution (coppcr- 
nickel, 70 : 30 brass), and a lloys consisting of tw o solid solu
tions or other phases (M untz m etal; low-copper brass). In  
e v e ry  instance the author finds th a t the tensile strength dim in
ishes as the tem perature rises, a lthough there is generally a 
change of direction in th e  curve representing this, m ost m arked 
in the pure m etals (coppcr, 650° C.; alum inum , 3950 C.). A b o ve  
these tem peratures th e m etals resem ble v e r y ' viscous fluids, 
possessing little  strength, being very  ductile, and grea tly  in
fluenced in their tensile strength by the duration of th e ap p lica
tion of stress. Stress also causes them  to em it a  cry  like “ tin- 
c ry .”  T here arc no therm al critical points a t  these tem pera
tures, and Bengough suggests th a t in a  pure m etal the crystals 
are norm ally held together b y  B c ilb y ’s “ am orphous m ateria l,”  
stronger th an  them selves, in a  m ore or less continuous sheet 
or celhvork, and th a t above the “ tem perature of recuperation” 
this is 110 longer capable of existing, and the crystals accord
in gly  com e in con tact w ith  one another. F racture now occurs, 
no longer through the crystals, b u t along the crystal faces. 
W hen a  m etal is w orked a t  a tem perature above the p oin t of 
recuperation, "am orphous m ateria l,”  if form ed, can n ot e x ist 
perm anently, and no effect is produced on th e m echanical 
properties of the m etal: th is is " h o t  w o rk .”  "C old  w o rk ,”  
conducted w h olly  or p artia lly  below th is tem perature, produces 
“ am orphous m ateria l”  and strengthens th e m etal. Bengough 
shows the difference betw een rolled and cast m aterial in strength 
b y  diagram s, and it  is seen to  vanish a t  the tem perature of re
cuperation. In  the case of pure m etals, th e elongation m ay 
increase, diminish, or rem ain alm ost constant, up to  the p oin t 
of recuperation, b u t there it  grea tly  increases, and rem ains 
high until near the m elting point.

T urn er presents a  stu d y  of the "B e h a v io r  of Certain A llo ys 
w hen H eated in  ■vacuo." H e has found th a t  zinc and other 
m etals are entire ly  rem oved from  brass and other eoppcr-zinc 
a lloys when* the la tter arc heated in a  vacuum . W ith  brass, 
th e  separation of th e zin c is q u an titative  provided the tem pera
tu re does n ot exceed 1200° C. and th e heatin g is n ot too pro
longed. A  sam ple of “ poisoned”  brass w as subjected to this 
treatm ent, and it  was found th a t all th e zinc, lead and arsenic, 
and a  little  of the tin , w ere rem oved a t  1200° C. Z in c was 
readily  volatilized from  60/40 and 70/30 brass a t  tem peratures 
of 520° and 550° C., resp ectively; and w hen “ hard zin c,”  the 
residue from  galvan izin g baths, containing a b o u t 5 per cent, 
of iron, w as heated to  500° C., in a  vacuum , the zinc w as com 
p lete ly  volatilized, the iron rem aining entirely  in the residue. 
T his paper is of great im portance on account of th e suggested 
application  of the principle to  th e refining of crude copper, 
brass scrap, hard zinc, etc.

SIL O X ID E

“ S ilox id e”  is a  nam e which has been given  to products pre
pared b y  fusing pure anhydrous silica w ith  oxides o f elem ents 
of the silicon-carbon group, as titan ium  dioxide or zirconium  
oxide. T h e  new glass is said to  be form ed b y  th e solution of 
these refracto ry  oxides of an acid character in silicic acid, and 
i t  is stated  to  be m ore easily worked th an  pure qu artz glass—  
in  fact, i t  can  be  worked b y  the ordinary m ethods em ployed 
in glass m anufacture (see French P a te n t 432,786, Ju ly  31,

1911, of W olf-B u rckh ard t and Borchers). Z-siloxide, or zir
conium  glass, and T -siloxide, or titan ium  glass, arc now being 
m anufactured a t  F ran k fu rt a/M , G erm any.

W hile Z-siloxide and T -siloxidc are said to  lack  th e  silky 
luster of quartz glass (“ v itrcosil” ), y e t  it  is stated  [Thom as, 
Cliem.-Zlg., 36, 25 (1912)] th a t th e y  possess d istin ct advan tages 
over the latter w ith  respect to  strength, resistance to  devitrifi
cation, and resistance to  the action of alkalies.

T h e best Z-siloxide w ith  respect to strength is said to  contain 
1 per cent, of zirconia, w hile th a t containing 0.5 per ccn t. has 
the m ost satisfactory therm al properties. I t  is said th a t zircon
ium  glass has a  softening poin t n ot m uch different from  th a t of 
qu artz glass, b u t th a t i t  resists deform ation  b etter a t  high 
tem peratures because of its greater v iscosity. T h e  m an ufac
turers state  th a t zirconium  glass crucibles arc far superior to 
those m ade of qu artz m aterial in their a b ility  to  resist th e action 
of “ oxide-bearing m etals”  during sm elting operations; th a t 
zirconium  glass can  be used five or six  tim es; and th a t i t  displays 
on ly in a very  sm all degree the disagreeable property, insepa
rable  from  qu artz m aterial, of d ev itrify in g  a t  tem peratures 
exceeding 1300° C. I t  is supplied in the form  of tubes, slabs, 
concentrating vessels, crucibles, flasks, boxes, muffles, arched- 
tubcs, balls, calottes, etc.

T he titan ium  glasses (0.1 to  2 per ccnt. of titanium ) arc said 
to  have a  som ew hat lower resistance to  com pression th an  
qu artz glass, b u t to  resist transverse fracture better th an  th e 
latter. T h e T -siloxide now being m arketed is said to  be superior 
to even Z-siloxide w ith respect to  therm al properties— to  be. 
m ore satisfactory  w hen tem peratures up to 1500° C. are to  be 
used. Its  properties are said to  be otherw ise the sam e as 
those of Z-siloxidc. W hile  i t  is stated  b y  the m anufacturers 
th a t zirconium  glass m a y  be had either transparent or opaque, 
no inform ation on th is p oin t as to titan ium  glass w as secured.

EX T R A C T IO N  W IT H  N A P H TH A L E N E .

N aphthalene has been kn ow n  for som e tim e as a  so lven t for 
gum s and resins (see, for exam ple, E n glish  P aten t, 14,554, 
June 30, 1903, to  T crrisse), and as a  su bstitute for benzine and 
benzene, and sim ilar solvents, for spreading purposes in the 
m an ufacture of rubber goods (see Fren ch P aten t, 393,186, 
A u g u st 10, 1908, of th e R iitgersw erke-A kt.). Q uite recently, 
a  M agdcburg-Sudcnburg, G erm any, firm has placed on the m ark et 
a  p la n t for the extraction  of bones, plants, fish residues, asphalt, 
etc., w ith  naphthalene.

A s  is w ell-known, naphthalene is volatilized  b y  m eans of 
steam ; it  is this property, in fact, w hich m akes it  advantageous 
as an e x tra ctiv e  m edium . T em peratures from  th e m eltin g 
point, 8o° C., to  alm ost th e boiling point, n early  2 18 ° C., 
are said to  be  applicable; and if this is correct, it  is possible 
to  w ork w ith in  w ide lim its. F urth er advan tages arc said to  
be th a t the so lven t can be recovered from  the solutions a t  
re la tiv ely  low tem peratures in com parison w ith  other solvents 
w ith  sim ilar boiling points; th a t  it  is n ot necessary to  em ploy 
closed vessels w ith  reflux condensers; and th a t the use of pressure, 
generally necessary for dissolving copals, m a y  be dispensed w ith  
in th e  apparatus.

T h e naphthalene extraction  process is said to be p articu larly  
applicable for th e extraction  of bitum en, as “ larger quantities 
of a  product of higher m eltin g p oin t are extracted  b y  naphthalene 
from  asphalt-sand or M ontan-w ax th an  if one of th e ordinarily 
know n extraction  substances is used.”  In  one test, 90 per cent, 
benzene w as used, and 19 per cent, of bitum en w ith  a  softening 
p oin t of 70 0 w as obtained; w hile w ith  the naphthalene process, 
23 per cent, of bitum en w ith  a softening point of 8 1 0 was obtained 
from  the sam e m aterial in a  shorter period. I t  is said th a t for 
th e extraction  of asphalt, the low price of th e raw  m aterial is 
a  consideration. In  addition, it  is stated  th a t no losses are
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incurred and th a t i t  is n ot nccessary to  resort to  such high 
tem peratures th a t a  p artia l decom position of th e produ ct occurs, 
in order to  effect th e separation of th e so lven t from  th e asphalt.

T h e  naphthalene process is reported to  be  of particular value 
if th e bitum inous rock, bones, plants, etc., are m ixed w ith  abou t 
one-half their w eigh t of naphthalene and then extracted  b y  
heating. F or this purpose, im pure naphthalene m a y  be used; 
i t  is afterw ards recovered as pure naphthalene b y  treatm ent 
w ith  steam .

F IR E  EX TIN C TIO N .

T h e  use of fro th y  m ixtu res for fire extinction  has recen tly  
been in vestigated a t  W ilhelm sburg, near H am burg, G erm any, 
in th e  presence of officials representing th e Prussian F ire B rigade 
(see Preuss. Feuerwehr-Beirat, Drucksache, No. 4, 19 11; E n gi
neering, Jan u ary 12, 1912, 52. A  solution of sodium  hydroxide, 
containing froth-form ing ingredients, and a  solution containing 
alum  and other chem icals, are m ixed together b y  m eans of 
carbon dioxide, w h ich  results in th e production of a  foam  con
sisting of bubbles filled w ith  carbon dioxide; th e  foam  is then

directed on to the surface of burning petroleum , tar, etc. I t  
is reported th a t 2 1. of th e m ixed liquids, w hen directed on to 
ligh t petroleum  spirit, ga ve  13 1. of foam, th e volum e of w hich 
dim inished b y  5 per cent, in 5 m inutes, 14 per cent, in 10 m inutes, 
47 per cent, in 30 m inutes, and 76 per cent, in 1 hour. In  one 
series of tests, th e p la n t em ployed com prised tw o reservoirs 
each of 5 cm . cap acity, from  w hich the solutions w ere delivered 
to  the m ixer b y  tw o duplex feed pum ps a t  th e ra te  of abou t 
160 1. per m inute. T h e foam  was discharged from  th e m ixer 

through a pipe of 80 m m . diam eter, w hich branched into tw o 
pipes of 52 m m . diam eter. F ifteen  tons of crude petroleum  
benzine were ignited in a  brickw ork ta n k  of 10 m . diam eter, 
and a fter th e fire had burned for 5 m inutes in  a  strong wind, 
th e foam  w as applied under a  pressure of 2 atm ospheres. T h e 
fire w as soon stifled excep t for isolated je ts  o f flam e near the 
edge of the tank, and com pletely extinguished in 6 m inutes; 
a fter 10 m inutes, on rem oving th e layer of foam , th e benzine 
could be im m ediately relighted. A b o u t 1800 1. of the m ixed 
liquids were consum ed. T h e results seemed to  dem onstrate 
th at it  w as advantageous to  a p p ly  the foam  under a low  pressure 
in order th a t i t  m ight spread q u ietly  over the burning surface. 
A n oth er test w as m ade on burning ta r  w ith jsa tis fa cto ry  results.

NOTES AND CORRESPONDENCE
T H E  CE N TE N A R Y  OF T H E  IN TROD U CTION  OF GAS.

T h e  100th anniversary of the introduction of the use of gas 
as an illum inant w ill be celebrated in P hiladelphia on T h u rs
d a y  and F rid ay, A p ril 18th and 19th, 1912. T h e  exercises will 
be held in th e H all of the F ranklin  Institute, 15 South 7th  
Street, and w ill take th e form  of a  sym posium  under the auspices 
of T h e  A m erican  Philosophical S ociety, T h e  Franklin  Institute, 
T h e A m erican  Chem ical S ociety  and T h e  A m erican G as Institute.

PROGRAM.

T h u rsd ay: “ By-products in Gas M anufacture,”  b y  C h a s .
E . M u n r o e ,  a t  8 p.m .

F rid ay : “ The Com m ercial and Financial Aspects of the
G as Industry,”  b y  G e o r g e  B . C o r t e ly o u ,  a t  10 a.m.

“ The Technic of Gas M anufacture,”  b y  A l f r e d  E . F o r s t a l l ,  
a t  11 a.m.

“ Gas as an Illum inant,”  b y  V a n  R e n s s e la e r  L a n sin g h , a t  
2 P.M.

“ The Use of Gas for H eat and Pow er; the Testing of Gas,”  
b y  E d w a r d  B . R o sa , a t  3 p.m.

These lectures w ill constitute an interesting and valuable 
review  of the developm ent of th e use of gas as an illum inant, 
and as a  source of h ea t and pow er. Persons interested in the 
m anufacture and use of gas from  all parts of th e country, m em 
bers of th e societies nam ed, and the general public, including 
ladies, are cord ially  invited  to  atten d th e sessions.

A n  effort w ill be m ade to bring together as m a n y as possible 
of th e pioneers in the gas industry, those who have been engaged 
in the in dustry th irty  years or more. A ll such are requested 
to  send their nam es to  the actin g  secretary.

A  tem porary Loan Exhibition  w ill be held in the H all of the 
F ranklin  Institu te, of articles, models, appliances, books or 
pictures, th a t  h ave  an historical interest. A n y  one who knows 
of such articles should com m unicate a t  once w ith  the A ctin g  
Secretary, W illiam  J. Serrill, 1401 A rch  Street, Philadelphia.

A M ERICAN  E L E C T R O C H E M IC A L SO C IE TY, T W E N T Y -F IR ST  
G E N E R A L M EETING, BOSTON, A P R IL  18th to 20th.

PROGRAM.
The E ffect of Addition Substances in Lead P latin g Baths. B y

F . C. M a t h e r s  a n d  0 . R . O v erm a n .

U niform ity and Sim plicity in Electrochem ical Calculations.
B y  C a r l  H e r in g .

Effects of the Variations of Therm al Resistivities w ith  the Tem per
ature. B y  C a r l  H e r in g .

Experim ents on H eat Insulation. B y  F . A . J. F i t zG e r a l d .
An Electrolytic Method for the Reduction of B lue Powder. B y  

W a r r e n  F . B l e e c k e r .
Tensile Strength of E lectrolytic Copper on a  R otating Cathode.

B y  C. W . B e n n e t t .
The Regeneration of Sulphated Storage Cells. B y  C. W . B e n n e t t  

a n d  D. S. C o le .
A R otating Cathode. B y  C. W . B e n n e t t .
E lectrical Endosmose. B y  W . D . B a n c r o f t .
On the Nature of Zinc Cem entizing (Sherardizing). B y  A rd e n  

R . Jo h n so n  a n d  W i l l i s  R . W o o lr ic i i .
Smee’s Theory of E lectrolytic Deposits. B y  W . D . B a n c r o f t .  
Pow er Supply to E lectric Furnaces for Refining Iron and Steel. 

B y  W . S y k e s .
Furnace Electrodes Practically  Considered. B y  R . T u r n b u l l .  
On the Volatility of Zinc Oxide. B y  0 . L . K o w a l k e .
H igh Tension Equipm ent for E lectrom etallurgical Plants. B y  

J. R . W ils o n .
The Influence of Diffusion on the Electrom otive Force Produced 

in Solutions by Centrifugal Action. B y  W . L a s h  M i l l e r .  
Vacuum  Furnace M etallurgy. B y  C. G . F in k .
Tem peratures of the Carborundum  Furnace. B y  L . E . S a u n d e r s . 
Gas Circulation in Electrical Reduction Furnaces. B y  J. W . 

R ic h a r d s .
Potential Differences at the Junction of Unm iscible Phases.

B y  R . B e u t n e r .
Perform ance of D ry Cells. B y  C. H a m b u ech en .
Report of the Com m ittee on D ry Cell Tests.

A M ERICA N  COMMISSION ON O R G A N IC  N O M E N C LA TU R E .

A n  A m erican Com mission on O rganic N om enclature has been 
appointed, consisting of the following:

M. T . B ogert, Colum bia U n iversity , Chairm an; Ira  Rem sen, 
Johns H opkins U n iversity ; W . A . N oyes, U n iveristy  of Illinois; 
T . B . Johnson, Y a le  U n iversity ; M. G om berg, U n iversity  of 
M ichigan; J. F . Norris, Sim m ons College; J. B . T ingle, M cM aster
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U n iversity ; C. H . H udson, Bureau of Chem istry, W ashington, 
D . C.

T his comm ission w ill cooperate w ith  sim ilar N ational bodies 
in other countries in the revision of the N om enclature of O rganic 
Com pounds.

Suggestions as to  the general plan to  be pursued in under
ta k in g  this work, or concerning special groups of com pounds, 
w ill be welcom ed, and should be sen t to  the Chairm an a t  Colum bia 
U n iversity.

EIG H TH  IN TERN ATIO N AL CONGRESS OF A PP LIE D  
CH EM ISTR Y.

A b s t r a c t  o f  A n n o u n c e m e n t N o . 3.

T h is announcem ent includes the follow ing of special interest 
and im portance:

Ladies' Committee, Committees on Internal Transportation, 
Entertainment, Finance, Papers and Publications, Trans-Atlantic  
Transportation, Factory Inspection.

Rules on Papers, their Presentation, D iscussion and P u b li
cation.— Papers and their abstracts, bo th  in duplicate, m u st 
be in th e hands of the A m erican  Com m ittee n ot la ter than 
June 30, 1912, in order to  assure their inclusion, if accepted, 
in their respective Sectional Volum es for distribution  a t  or 
before the opening of th e Congress.

T h e Congress obligates itself to  have its final R eports and 
Proceedings, including su bject and author index, com pleted 
and read y for distribution on or before D ecem ber 31, 1912.

R ejected  m anuscripts arc to be returned to  their authors 
and all correspondence concerning them  is to  be regarded as 
str ic tly  secret and confidential.

How to Obtain Membership in  this Congress.— M em bership 
in this Congress is open to individuals, corporations, societies, 
associations, institutions and the like.

Persons contem plating m em bership in th e  Congress can  o b 
tain  m em bership tick ets from  the Treasurer of the Congress, 
W m . J. M atheson, 182 F ro n t Street, N ew  Y o rk  C ity , b y  for
w arding to him  an application for m em bership and the m em ber
ship fee, w hich is $5.00. M em bership tickets can  also be ob
tained from  Prof. M. O. Forster, 84 Cornw all Gardens, London, 
S. W ., England; M. F. D upont, 6 P lace M alcslierbes, Paris, 
France; Dr. B. Rassow , Stephanstrassc 8, Leipzig, G erm any; 
Prof. R osario Spalling, V ia  Panispcrna, 89 bis, Rom e, I ta ly .

M em bership of Congress Conunittces docs n ot constitute 
m em bership in the Congress.

A ll m em berships received after Ju ly  15, 1912, b y  the Am erican 
Com m ittee, are accepted on the condition th a t delivery  of 
printed reports cannot be guaranteed to  such m em bers.

Entertainment of Ladies.— T he arrangem ents hcrefor arc in 
the hands of the L ad ies’ Com m ittee, and everyth in g  w ill be 
provided b y  them  to insure the com fort, convenience and 
entertainm en t of all ladies atten din g the Congress. A p p li
cations for Ladies' Tickets, togeth er w ith  the fee therefor, $3.00, 
should be sent to W illiam  J. M atheson, 182 F ro n t Street, N ew  
Y o rk  C ity.

Program of M eetings.— T h e general lectures are to be given 
b y  (1) G eorge M. B eiley, of Glasgow, Scotland, "Som e Ph ysical 
A sp ccts of M olecular A ggregation  in Solids;”  (2) G abriel B er
trand, of Paris, France, “ T he R ole of V ery  Sm all A m oun ts of 
Chem ical Substanccs in B ioch em istry;”  (3) Carl D uisbcrg, of 
E lberfeld, G erm any, “ T h e L a te st A chievem ents and Problem s 
of the Chem ical In d u stry ;”  (4) G iacom o Ciam ician, of Bologna, 
I ta ly , “ Ph otochem istry of th e F u tu re;”  (5) Ira  Rem sen, of B a lti
more, M d., U . S . A . (subject to be announced later).

General lectures and general m eetings will be held in the

G reat H all of the College of the C ity  of N ew  Y o rk ; Sectional 
m eetings a t  Colum bia U n iversity . T h e  Colum bia U n iversity  
G ym nasium  w ill be headquarters for R egistration, D istribution  
of Papers, D istribu tion  and Sale  of T ickets, Inform ation  Bureau, 
Telephone, Messenger, T elegraph and C able Services, and P o st 
Office E xpress and B aggage Facilities.

Colum bia U n iversity  furnishes n ot on ly  places of m eeting 
and other conveniences as noted above, b u t also has placed a t  
the disposal of atten din g m em bers liv in g  outside of N ew  Y o rk  
th e use of certain  of its R esidence H alls from  A u g u st 31, 1912 
to 10 a .m .,  F rid ay, Septem ber 13, 1912. A pplications for 
quarters in these H alls should be addressed to  th e E ighth  
International Congress of A pplied C hem istry, R esidence H all 
Com m ittee, 25 B road Street, N ew  Y o rk  C ity.

A  list of selected hotels and suggestions for accommodation of 
parlies.

Information concerning excursions and visits to works.

Excursions.— A rrangem ents in this direction arc te n ta tive  
and v ery  incom plete and the excursions finally  selected will 
depend upon th e num ber of m em bers indicating their desire 
to  join  th e respective excursions. T h e  itineraries of eight 
different routes ranging in cost from  $11.70  to  $435.00 and in 
duration  from  7 days to  44 days are subm itted. A ll of these 
prices are based upon p arties of n o t less th an  100 and do n ot 
include hotel charges nor transportation  to  and from  hotels. 
A  m ap inserted a t  the end of th e p am phlet show s th e routes 
contem plated.

Spccial Notice.— F or the accom m odation of those who wish 
to  v is it Y ellow ston e Park, a  special tour has been provided for, 
leavin g N ew  Y o rk  n ot earlier th an  A u g u st 10th, and n ot later 
th an  A u g u st 15th, and requiring a b o u t thirteen d ays w ith  no 
facto ry  inspection. M em bers intending to ta k e  th is tour m u st 
n otify  th e T ransportation  Com m ittee n ot later th an  M ay 15, 
1912. M em bers intending to ta k e  p a rt in an y  of the other 
trips, m u st n otify  the T ransportation  Com m ittee n ot later 
th an  June 15, 1912. A ll com m unications in relation  to  tours 
should be directed to " Transportation Committee, E ighth  
International Congress of A pplied Chem istry, P . O. B o x  1625, 
Philadelphia, P a .”

V isits to W orks.— T h e list com prises 321 different establish
m ents, located in 144 different cities, and representing 139 
different industries or branches thereof. I t  w ill, of course, 
be im possible for the Congress to v isit all of these on excursions 
or set trips. Ind ivid ual m em bers or sm all parties of m em bers 
will be granted perm ission to  visit, b y  a n y  of the w orks on the 
list and not visited b y  the Congress on excursions or set trips, 
on presentation of th e T reasurer’s receip t for m em bership dues.

R ules governing adm ission to  factories arc v ery  s tric t es
p ecia lly  as to  visits b y  competitors. Som e w orks will adm it 
co m p etito rs.b u t negotiations for such inspection must be made 
b y  and through Prof. M. C. W hitaker, Chairm an, F acto ry  V isits 
Com m ittee, Colum bia U n iveristy , N ew  Y o rk  C ity.

Special Steamship Accommodations and fiates.— T h e European 
participants in the Congress arc urged to reserve their accom m o
dations for the w estw ard trip  a t  the earliest possible m om ent, 
since tire steam ships are a p t to be v ery  crow ded a t  th a t season 
of the year.

CO RR ECTIO N .

A CONVEN IENT F IL T E R IN G  A PPA R A TU S.

In  th e issue of T h is  J o u r n a l  for M arch, 1912, page 222, 
under th e article w hose title  is given  above, the nam e of the 
auth or w as given  as C. S . W illiam s, Jr., instead of C. S. W illiam 
son, Jr.
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T H E  BU SIN ESS A SP E C T  O F T H E  K E L P  PROPOSITION.
B y  F r e d e r i c  P . D e w e y .

R eceived F eb ru ary  17, 1 9 1 2 .

I t  is thoroughly w ell established th a t the gian t kelps of the 
P acific  provide an enorm ous store of K C 1. Various papers 
h ave  appeared upon the broad, general aspect of the question, 
b u t for the m o st p a rt th ey have d ealt in glitterin g generalities 
and m a n y  of them  have started  in th e m iddle of the proposition. 
M an y w riters neglect or slur over the gathering and prelim inary 
d ry in g  of th e  kelp, and base their real consideration of the su b 
je c t  upon th e air-dried m aterial. T h is is very  a ttractiv e  and 
easy  to  do, b u t th e  cost of the air-dried kelp  is a  m ost serious 
business consideration.

T here are various technical and business problem s connected 
w ith  the m atter. W ith o u t in the least doubtin g the even tual 
solution of these problem s, it  m ay be said w ith  entire sa fety  
th at their solution w ith  financial profit w ill require the expendi
tu re of m uch tim e and m oney, under th e best technical and 
business direction, and th a t it  m u st be several years before 
K C 1 from  kelp  can  becom e a  com m ercial com m odity, if it  ever 
does.

T h e consideration of the su bject d ivides itself naturall> under 
the follow ing h e a d s:

H arvestin g  th e kelp.
A ir-dryin g.
O ven-drying.
D istillation.
C rystallizing K C 1.
M arketing.
T o  start w ith th e grow ing kelp. H ow  can it  be harvested?

I t  will be an entire ly  new  in du stry and m an ifestly  various 
m achines of d ifferent typ es w ill h ave  to be constructed and 
subjected to actu al practical tests before an efficient and econom 
ical m achine is secured. D r. C am eron1 has suggested 1,000,000 
tons o f K C I as a  con servative annual yield . T his w ould mean the 
harvestin g of ap p roxim ately  30,000,000 tons of kelp . This 
h arvestin g  can n ot exten d over the whole year. Ju st how long 
it  m ay last can n ot y e t  be definitely know n, b u t in a n y  even t 
the v a st m achin ery required to h arvest 30,000,000 tons in a 
short season m u st stand idle a  good p a rt of the y ear a t  a heavy 
interest charge again st the product.

H a vin g  brou gh t th e kelp  to  shore it m u st be dried. T o  pro
duce a  ton of K C 1, app roxim ately 27 tons of w ater m ust be 
evaporated. C learly  the m o st inexpensive natural m eans for 
d ryin g  m u st be adopted, b u t even this w ould require the con
struction  of dryin g  sheds covering an enorm ous area and the 
building of especially  designed m achinery to  distribute the w et 
kelp on the dryin g  shelves and to  gather up the dried stuff. 
A s  w ith  the harvestin g m achinery, these sheds and m achinery 
m u st rem ain unem ployed a  good p a rt of the year.

T here is, how ever, a lim it to th e e xten t th a t natural drying 
in  open sheds can  be carried. W hen a b o u t 25 tons of our 27 
tons of w ater h ave  been evaporated, provision m u st be m ade 
to  p ro tect th e efflorescing K C 1 w hich w ill soon be produced 
on  further drying. T his w ill require th e application  of artificial 
heat. I t  m ay possibly be assum ed th at this can  be obtained 
from  the kelp itself in a  subsequent operation. B y  proper 
oven-dryin g it  is possible to  recover 40-50 per cent, of the K C 1 
as effloresced sa lt b y  sim ply sh aking it  off from  the dried kelp.

T he recovery  of the balance of th e K C 1 from  the dried and 
sh aken  kelp  requires the breaking up of th e organic m atter of 
the kelp  b o d y  and this m u st be done w ith  as full as possible 
u tilization  of its  value. S im ple burning w ith  the utilization  
of its h ea t value on ly w ill n ot be sufficient, even  if we now  had 
a  furnace adap ted  to  avoid  enclosing unburned m aterial in the 
inorganic sa lts b y  sintering and to  avo id  undue loss of K C 1 
b y  volatilization.

1 T h i s  J o u r n a l ,  i ,  7 7 .

A t  present, there does n ot seem to be any m ethod availab le  
for this p a it  of the w ork excep t destru ctive distillation  w ith  
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 m a y  be. P rob ab ly  there are no 
technical difficulties in this operation, b u t it  m ust be rem em bered 
th a t on ly about half of the w eight, including th e effloresced 
K C 1, of the oven-dried kelp is organic m atter. In  other words, 
broadly speaking, in the production of one ton of K C I o n ly  one 
ton of organic m atter is availab le  for the production of b y 
products of distillation. On the other hand, the total produc
tion of such by-products in the recovery  of 1,000,000 tons of 
K CI would be so large th a t m uch of them  would h ave  to be 
transported long distances to find a  m ark et and therefore the 
profit of the operation w ould largely  depend upon freight con
ditions.

U n doubtedly a lim ited am ount of the residue from  the re
torts could find d irect application as a fertilizer w ithin  a  certain  
radius, b u t the real m ark et for K C I is on the A tla n tic  coast, 
and under the present fre ight conditions of 80 cents per 100 
lbs. the KCI m ust be dissolved and recrystallized . U pon the 
opening of the Pan am a Canal and the expected ha lv in g  of the 
freight rates, the distillation residue m ight possibly b etter be 
shipped direct.

T h e m other liquors from  the recrystallizing of the K C I will 
contain iodine and w hen sufficiently enriched th ey  m ay be 
treated for the recovery of this elem ent.

I t  would be a  liberal estim ate to  assume th at the by-products 
recovered including th e iodine, would h ave  a  value sufficient 
to  p a y  for all of the operations upon the air-dried kelp. If 
w e do this and also assume th a t after sufficient trial and de
velopm ent of the necessary m achinery th e  kelp  can be harvested 
for 25 cents per ton and air-dried for 15 cents per ton more, 
a  ton of KCI laid down on the A tla n tic  coast would cost $28 as 
follows:

H arvesting  30 tons a t  25 cen ts ................................  $7 .50
A ir-drying 30 tons a t  15 cen ts ..................................  4 .5 0
F reigh t 1 to n  a t  80 cen ts  per 100 lbs..................... 16.00

$28.00

On the com pletion of the Pan am a Canal i t  is exp ected  th a t 
the freight will com e down to $8 per ton, b u t the present prices 
of K C I m u st be very  profitable to the G erm an P o tash  S yn d icate  
and if actu a lly  faced w ith  the possible loss of its A m erican  
trade the prices would undoubtedly be reduced. T h is reduc
tion m ight even w ipe o u t the advan tage of the low w ater-freight.

In  conclusion it  w ould appear th at the feldspars have n ot 
y e t  been displaced by the kelps as a  possible source of potash.

W a s h i n g t o n , D. C..
F eb ru ary  16, 1912.

IM PORTATIONS OF A C E T IC  A N H Y D R ID E .

T h e  im portation of acetic  anhydride, w hich for som e years 
has been steadily  on the increase, is show ing since last M arch 
a  very  rapid decline, according to  th e figures published b y  th e 
q u arterly  rep ort of th e D ep artm ent of Com m erce and L abo r 
on Im ported M erchandise E n tered  for Consum ption in  th e 
U nited  S tates. T h e  am ounts in pounds im ported during th e 
quarters ending a t  dates given and their valuations are as 
follows:

Sept. 30, 1910, 202,227 lbs., $38,531; D ec. 31, 1910, 266,204 
lbs., $50,838; M arch 31, 19 11, 504,536 lbs., $93,501 ; June 30, 
1911, 197,518 lbs., $35,806; Sept. 30, 19 11, 117,093 lbs., $20,842.

T his sharp decline in th e consum ption of acetic anhydride 
is p robably  due to  the abandonm ent of the m anufacture of 
cellulose acetate films for photographic purposes. •
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CONSULAR AND TRADE NOTES
EN GLISH  M UNICIPAL GAS W O R K S .

Consul E d w ard  B . W alker, Burslcin, advises th a t the report 
for the year ended M arch 31, 1911, of th e gas departm ent of 
Stafford, population 25,000, contains som e interesting inform a
tion and figures. T h e gas w orks h ave  been in the possession 
of the m unicipal corporation for 33 years, during which time the 
bonded indebtedness has been reduced from  $550,673 to $182,1S9, 
a  reserve fund has been provided, and m unicipal taxes h ave  
been reduced $286,019. T h e price of lighting gas is So.65 per 
1,000 feet, w ith  discounts up to 10 per ccnt. according to  con
sum ption, and $0.48 per 1,000 feet for power, w ith  discounts 
up to  25 per cent., reducing the pricc all around to abou t $0.37.

T h e gross receipts during the year in question w ere $162,899 
and th e expenditures $93,930, leavin g a  gross p rofit of $68,969. 
Loans repaid, interest, etc., am ounted to  $31,447, and the n et 
balance w as distributed as follows: D istrict fund in reduction
of taxes, $17,033; free library, $243; suspense account, $6,083; 
reserve fund, $9,755; carried forw ard, $4,408. T h e tow n  had 
a  profit-sharing schem e under w hich the w orkm en received a  
bonus o f over 10 per ccn t. of their w ages. T h e  am ou n t of gas 
sent out w as 211,852,000 feet, of w hich 4,358,630 feet w as 
unaccounted for, or leakage. T h e coal used w as Staffordshire 
"w ashed  beans,”  costing abou t $2.68 per ton.

T he gas business is m anaged and treated as a separate under
taking. A ll salaries of officials and expenses of m anagem ent 
and operation are included in the balance sheet, and th e corpora
tion p a w  ta x es as would an ordin ary com pany.

U TILIZATIO N  OF N A T U R A L  GAS IN H U N G A R Y.

Consul-General P aul N ash, B udapest, advises th a t i t  is n ot 
known e x a ctly  w h at arc the intentions of the H ungarian  M inister 
of Finance as to the u tilization  of th e natural gas in T ra n sy l
vania, several m illion cub ic  yard s of w hich h a v e  a lread y escapcd, 
b u t it is likely  th at before the end of the y ear the gas w ill be 
in use in one or m ore of the tow n s and industrial p lants in the 
im m ediate v icin ity  o f the wells. T he gas-producing region 
com prises som e 5,Soo square miles, and the G overnm ent has 
so far p u t in over 20 wells, vary in g  in dep th  from  1,000 to  3,300 
feet. I t  is th ough t th a t the su p p ly  of gas w ill last for a t  least 
50 years.

E v e n tu a lly  the gas w ill be  brought to  B udapest, a lthough 
probably n ot for a  few years. In  a n y  case, as soon as it  appears 
th a t the public is to  h ave  n atural gas placed a t  its disposal, 
there w ill be  an im m ediate dem and for m eters, purifiers, pipes, 
valves, stoves, burners— in short, e veryth in g  used in the exp lo ita 
tion o f natural gas. T here is no reason w h y A m erican  m an u 
facturers, if th ey em ploy the proper m ethods, should n ot have 
th e 'b u lk  ofFthisJbusiness, as the A m erican  preem inence in this 
line o f m anufacture is generally recognized in this country. 
E v e ry th in g  points to  th e developm ent o f a  large business. 
M anufacturers should send representatives to  stu d y  th e field 
and personalty choose agents.

elsewhere for its supply, thus g iv in g  a  possible op p ortun ity 
for the introduction of Am erican coal.

Coal constitutes n early  10 per cent, of the to ta l im ports into 
Sweden. A b o u t one-fifth of this fuel is entered a t  G othenburg, 
w hich p ort and Stockholm  are th e  principal im port places, 
M alm o and Geflc com ing n ext. T h e  to ta l im port for th e last 
three years for w hich figures are availab le  has been, in tons: 
In  1907, 4,146,785; in 1908, 4,427,507; in 1909, 4,084,055. I t  
w as p ractica lly  all from  G reat B ritain . T h e kinds in  1909 
wrere, in tons: A n thracite, 146,162; gas and coking, 263,749; 
sm ith y and nut, 300,258; steam  coal, 3,352,943; m iscellaneous, 
20,943.

T h e production o f coal in Sweden is less than 7 per cen t, 
of th e consum ption of th e country, the ou tp u t in 1910 b ein g  
302,800 tons.

C O R K  T R A D E  OF T H E  U N ITED  STA TES.

T h e cork-grow ing in dustry is being introduced exp erim en tally  
into the U nited  S tates  b y  the D ep artm ent of A gricu lture. 
A t  Chico, Cat., th e B ureau of P la n t In d u stry  has grow ing quite 
a  num ber of cork-oak trees of various species th a t w ere secured 
b y  D avid  Fairchild, the D ep artm en t’s agricultural explorer. 
T h e  B ureau of F orestry  is also con ducting experim ents near 
Pensacola, F la ., where the C ork-oak acorns have been planted, 
som e of w hich are grow ing in the second y e a r  successfully.

L a ck in g  a  n ative  supply, th e  U n ited  S tates purchases abroad 
n early  $6,000,000 w orth  of raw  and m anufactured cork, official 
statistics for the calendar y e a r 1911 show ing im ports of un
m anufactured cork wood or bark, valued a t  $3,819,651, and of 
cork m anufactures w orth  $2,070,672, a  sligh t decrease from  
the respective to ta ls  of $3,908,533 and $2,191,563 in 1910.

M ALAYSIAN  TIN E X P O R T S .

T h e Federated M alay S tates  G overnm en t G azette  g ives the 
follow ing table  to  show th e w eigh t of tin  (tin  exported in the 
form  of ore h a v in g  been tak en  a t  70 per cen t, of th e  gross w eigh t 
of the ore) exported from  th e Federated M alay S tates  during 
1910 and 1911 (picul =  133 V ,  p ou n ds):

19 10 . 1 9 1 1 .

T in  c o n ta in e d  T in  c o n ta in e d
T in .  in  t in  o re . T o ta l.  T in .  in  t in  o r e .  T o t a l.

S ta te s .  P ic u ls , P ic u ls . P ic u ls . P ic u ls .  P ic u ls .  P ic u ls .

P e r a k ..................... 10 9.S67 3 U .4 6 S  4 2 1 .5 3 5  9 7 .S 3 5  3 3 9 ,5<H 4 3 7 .3 3 9
S e la n g o r ...............  4 3 .3 9 7  19 6 .7 9 5  2 4 0 .19 2  5 4 .2 1 5  17 6 .9 6 0  2 3 1 .1 7 5
N e g r i S ex n b ila n  121 3 4 .5 7 6  3 4 .6 9 7  90  2 9 .1 4 0  29.230
P a h a n g ................. 12 .9 30  2 7 .7 4 4  4 0 .6 74  1 5 .2 S I  2 S .6 7 3  4 3 .9 5 4

T o t a L . .   16 6 .3 15  5 70 .5 S 3  7 3 6 .S 9 S  1 6 7 .4 2 1  5 7 4 .2 7 7  7 4 1 .6 9 S

SW E D ISH  C O A L  SITUATION.

Consul S tu a rt  J .  Fuller, G othenburg, reports th a t the 
threatened scarcity  o f  im ported coal, due to  th e  labor troubles 
in  E n glan d and th e augm ented dem and ow ing to  th e  lack  of 
w ater for power, is bringing about increased a c tiv ity  in  the 
Sw edish m ines in  Skan e, in  the south  o f  the K in gd om . The 
S kan e coal is  n ot suited for coke and is of inferior qu ality . I t  
is conceivable th a t the labor troubles in E n glan d m ig h t a ffect 
the situation  to  an e xten t such th a t Sw eden w ould h a v e  to  look

S H A R K ’S L IV E R  O IL IN D U ST R Y  PR O PO SED .

Vice-Consul G eneral D . M ilton F igart, Singapore, S tra its  
S ettlem ents, states th a t i t  has been proposed to  s ta rt in M alaysia  
a  sm all e x p o rt trade in sh ark 's  liv er oil. T h is  oil is refined 
in E urope and sold as cod-liver oil. In  O ctober th e ocean sharks 
com e in to  th e  lagoon, betw een the barrier reef an d  th e atolls, 
to  pair. A t  th is tim e th e y  can b e  speared in large num ber 
b y  people skilled  in  catch in g  them . T h ere  are several species 
o f these sharks and th ey  ordin arily  run from  7 to  15 feet in length. 
T h e  g irth  o f an  ord in ary  shark is th e  sam e a s  its  length , and an  
1 x-foot shark w ould be 11 fee t around th e bo d y. T h e liv er o f a  
sh ark  o f th is size gives a b o u t 5 gallons o f oil. T h e oil brings 
$73 a  ton- T h e sharks are found in pairs and th e  harpooners 
t r y  to  laU th e m ale first, in  w hich case th e y  are ab le  to  also 
spear th e  fem ale, as i t  does n o t desert its  m ate.
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Transactions of the Am erican Institute of Chem ical Engineers. 
! V o l. I l l  (1910). 8vo., 4 11 pages. D. V a n  N ostrand Co.,

N ew  Y o rk , 1911. $6.00.

C ontents: E volution  of Portlan d Cem ent Processes, Chas-
F . M cK enna. S tu d y  of M aterials in Chem ical Engineering 
Chas. E . M cK en n a. R eports of the Com m ittee on Chemical 
Engineering Education, F . W . Frerichs. R em arks on Chem ical 
E ngineering E ducation, F . W . Frerichs. D evelopm ent of the 
C hem ist as an  Engineer, F . W . A tkinson. T h e  T rainin g of 
Chem ical Engineers which M eets the Requirem ents of M anu
facturers, M. C. W hitaker. T each in g Industrial Chem istry, 
A . H . Sabin. Com m ercial M anipulation of R efracto ry  E le 
m ents for Incandescent L am p  Purposes, R alph  E . M yers. T h e 
M anufacture and Industrial A pplications of Ozone, Oscar 
Linder. T h e Changes in Industrial Chem istry Caused b y  E lec
tricity , E . R . T ay lo r. N otes on the Corrosion of Iron and Steel 
and its Prevention, G. W . Thom pson. P rotal; a  N ew  P rod uct 
for U se in the A rts, F . G . W iechm ann. Chem ical Industries 
of Canada, J. C. De Cew. U nderground W aters for M anufac
turing Purposes, W m . M. B ooth. Loss in Coal Due to  Storage, 
A . B em ent. N itric  and M ixed A cids, Sch uyler Frazier. P la n t 
Design, W m . M. G rosvenor. T h e  F itzg ibbon  Boiler, J. A le x 
ander. M anufacture of H ydrated  Lim e, R . K . Meade. B leach 
ing Oils w ith  F u ller’s E arth , D avid  W esson. Sym posium  o n  
S e w a g e  D is p o s a l.  Principles of Sew age Disposal, G. C. 
W hipple. Sew age D isposal in Europe, R udolph H ering. Sew 
age D isposal in N ew  Y o rk  C ity  and V icin ity , G . A . Soper. Sani
ta ry  Conditions in their R elation s to  W ater Supplies in the 
V ic in ity  of N ew  Y o rk , N . S . H ill, Jr. U nsolved Problem s of 
Sew age Disposal, C. E .-A . W inslow .

I t  speaks well for the a c tiv ity  of our you n gest chem ical society, 
th a t in the third y ear of its  existence, it  can  produce such an 
im posing arra y  of papers as the tab le  of contents shows.

T h e  volum e, w hich shows the usual excellen t w ork of the 
publishers, as well as evidence of careful proof-reading, contains 
m uch to  in terest n o t on ly the chem ical engineer, b u t also the 
chem ist who is n ot an engineer. T h e  teacher of chem istry 
and the c ivil and the san itary  engineer w ill find m uch to interest 
them .

A side from  the papers on Chem ical Engineering Education  
and allied subjects, all of w hich are of intense interest, the 
follow ing are especially w orth y of note:

E volution  of Portlan d  Cem ent Processes, b y  Chas. F. M c
K enna.

T h e M anufacture and Industrial A pplications of Ozone, b y  
Oscar Linder.

P la n t L a y o u t, b y  W . M. G rosvenor and the Sym posium  
on Sew age D isposal. D . D . B e r o lz h B im e r .

The T echnology of B read-M aking, including the Chem istry 
and A nalytical and Practical Testing of W heat, F lou r and 
Other M aterials Em ployed in B read-m aking and Confec
tionery. B y  W i l l i a m  Ja g o , F .I.C ., F .C .S ., a n d  W i l l i a m  
C. J a g o . A m erican  E dition, B a k e rs ’ H elper Com pany, 
Chicago. 908 pages; 123 figs.

T h e  present volum e, as stated b y  the senior author in his 
p reface, is a  developm ent of his previous w orks on th e same 
su b ject w hich appeared in 1886 and 1895. T h e  large am ount 
of research in the field of bread-m aking since 1895 has caused 
the authors to  m ake a  com plete revision of the earlier editions.

T h e general scope of the new  volum e and the relative im 
portance w hich has been placed upon separate subjects are 
indicated in the follow ing brief synopsis of the 33 chapters:

A n  elem entary treatise upon inorganic and organic chem istry 
w ith  special reference to ash, fat, carbohydrates, and proteids, 
120 pages.

Enzym es, ferm entation and the technology of yeast, 130 
pages.

T h e chem istry of w heat, flour, and m illing products, 150 
pages.

T h e chem istry of bread and bread-m aking, 125 pages. 
N u tritive  value of bread and laws governing its sale, 50 pages. 
Bake-house design and bakin g m achinery, 100 pages.
M ethods for analysis of flour, bread, confectioners’ raw  m a te

rials, etc., 220 pages.
Index, 15 pages.
In  addition to th e results of their own researches and experi

ence, the authors have collected a  w ealth of m aterial hitherto 
scattered in scientific journals, experim ent station  bulletins, 
cou rt records, etc., of different countries and h ave  added to this 
a  great deal of inform ation gathered from  p rivate  sources. 
In review ing the recent w ork in their field, the authors have 
prepared brief abstracts of all original articles w hich th ey  h ave  
supplem ented b y  a  critical review . T h is m ethod of treatm en t 
is p articu larly  com m endable and though th e reader m a y  not, 
in all cases, agree fully  w ith  the opinion of th e authors upon some 
disputed points, he w ill find th e argum ents pro and con pre
sented w ith  equal fairness and fulness of detail.

In  addition to  its value to  those specially interested in the 
bread-m aking in dustry this new  volum e will be of great service 
to the food chem ist and public analyst. T h e  chem ist in pre
paring testim ony for a  court will find valu able  assistance in 
the discussion of such topics as bread im provers, fa u lty  bread, 
alum  baking-powders, bleached flour, and scores of other su b 
jects which m ight be m entioned.

T h e description of chem ical m ethods is upon the whole very 
com plete although the reader m ay, in certain  cases, w ish th a t 
in nam ing the author of a  particular m ethod the reference to 
th e original publication had a lw ays been given for his guidance. 
T h e quartz w edge saccharim eter is used a t  present m ore e x 
ten sively  than the polarim eter in the analysis of food products 

, and a  short description of this instrum ent should h ave  been 
included in the polariscopic m ethods of analysis.

T h e book is well printed and the cuts and photographs 
clear and distinct. C. A . B r o w n e .

Die Chemie der trocknenden Oele. B y  W ilh e lm  F a iir io n .
8vo., pp. viii +  298. Berlin, Julius Springer, 1911. Price,
10 M .; cloth, 11 M.

T h e author calls attention  to  the fa c t th a t th e greater im por
tance of d ryin g  oils over all other form s of fa tty  bodies is indi
cated b y  th e publication  in 1867 of J. G . M ulder’s w ork on 
“ D ie Chemie der A ustrockncnden O ele”  before the publication  
of an y  w orks devoted to the general chem istry of fa ts  and jails.

T h e present w ork is a  com prehensive review  of the chem istry 
of drying oils brou gh t w ell up to date. T h e  principal p a rt 
of the te x t is devoted to linseed oil, the other d ryin g  oils being 
v ery  briefly treated.

In  the present work, the literature of the su bject appears 
to have been gone over v ery  thoroughly, a t  least so far as it  
has been published in Germ an or English, and reference is m ade 
throughout to the original papers. T h e  su b ject is treated 
principally  from  the stan dpoin t of th e analyst, com p aratively  
little  m aterial h av in g  been introduced from  descriptions of 
m anufacturing processes unconnected w ith an alytical processes. 
T o  the an alyst this w ork w ill be a  convenient book of reference.

P a r k e r  C. M c I lh in E y .
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F o r r e s t e r .  Paper, V o l. 6, 1912, N o. 11, pp. 15-16 . 

Tanning, The—  Properties of W aste Sulfite Cellulose Liquors. 
B y  A la n  A . C l a f l i n .  Journal of the Am erican Leather 
Chemists’ Association, V o l. 7, 1912, N o. 3, pp. 154-165.

W ax, Cotton— . B y  C. P ie s t .  Zeitschrift fuer angewandte 
Chemie, V o l. 25, 1912, No. 9, pp. 396-399.

Zinc, An Electrolytic Method for the Reduction ot B lue Powder. 
A dvan ce C op y. B y  W a r r e n  F . B lB E k e r . Transactions 
Am erican Electrochemical Society, V o l. 21, 1912.
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! RECENT INVENTIONS

T h e accom panying illustration  shows apparatus in which 
the process can be advan tageou sly carried out.

PROCESS FO R  CONVERSION OF L O W E R  O X ID S OF NI
TROGEN TO H IG H E R  O X ID S OF NITROGEN.

U. S. Patent No. 1,008,383, to Fin Sparee, W ilm ington, D elaw are. 
Assignor to the E . I. du Pont de Nemours Powder Co.

T his is a  m ethod of treating oxides of nitrogen in solution 
to  increase their oxygen  content, w hich consists in passing 
a  current of electricity  through said oxides of nitrogen solution 
and acidulated water, betw een electrodes in the respective

In  the production  of sodium , w hich rem ains fluid a t  the 
tem perature of the electrolyte, difficulty is^'presented in dis
chargin g th e m etal from  the cathode cham ber into a  su itable 
receivin g vessel, b y  reason of the congealing of the m etal upon 
the walls of th e con duit which becom es clogged thereby.

T h e in ven tion  provides for the ready discharge of such fluid 
m eta l b y  p ro vid in g  a vertical con duit into which th e m etal 
flow's from  the cathode cham ber over a  sp out or lip which causes 
it  to fall freely through the con duit w ith o u t touching its 'w alls, 
or touching on ly  those portions of its walls w h ich 'are  adequately 
heated. T his con duit is p referably form ed integral w ith  the 
cathode b y  m akin g the la tter hollow.

M A N U FA CTU R E OF F E R R IC  O X ID E .

U. S. Patent No. 1,008,321, to John Gill, England.

This invention is based on th e fa c t th a t calcium  carbonate 
can be changed into a  soluble calcium  bicarbonate and in the

R e p o r te d  b y  C . L . P a rk e r , S o lic ito r  o f  C h e m ica l P a te n ts ,  M cG ill B u ild in g ,  W a s h in g to n , D . C ,

E L E C T R O L Y T IC  A PPA R A TU S.

U. S. Patent No. 1,007,897, to G. 0 . Seward and F. von K ugelgen, 
Virginia.

T his invention relates to an e lectrolytic  cell or vessel for the 
production of m etals lighter than their electrolytes.

In  the production b y  electrolysis of those m etals and alloys 
which h ave  a  less specific g ra v ity  th an  the m olten electrolytes 
from  w hich th ey  arc separated, a  source of d ifficu lty  is the col
lection of the m etals in such a  w a y  th a t th ey  cannot com e in 
con tact w ith  the gases set free a t  the anode, w ith  w hich th ey 
would otherw ise com bine.

T h e  present apparatus is designed to render possible and 
e asy  isolation of the separated m etal or a lloy  b y  providing 
a  com bination of a  cathode p rojectin g up from the bottom  of 
th e electrolytic  vessel through the electrolyte, and a chilled 
salt-incrusted collecting p artition  located above the cathode 
in such a  w a y  th a t the m etal is confined as soon as separated 
and can  be allowed to collect w ithin  the cham ber or space 
bounded b y  such partition, from  w hich it  m a y  be rem oved 
as convenient.

presence of a solution of ferrous chloride precipitates the iron 
contained in the liquor as ferrous carbonate w hich is capable 
of being oxidized into ferric hydrate.

T h e invention consists essentially in treatin g w aste or other 
liquors containing ferrous chloride w ith  carbon ate of lim e and 
carbon dioxide and air to  precip itate into ferric h yd rate  and 
subsequently calcining the ferric h yd rate to  drive off th e w ater 
and obtain  a  pure or high-class oxide of iron.

solutions, the curren t den sity  on the electrode in the oxides 
of nitrogen solution being above one hundred am peres to  the 
sq. cm . and the current den sity  on the electrodcfin the acidulated 
w ater below ten  am peres to  th e sq. cm .

T h e accom pan ying illustration  shows apparatus in which 
the process can be advan tageou sly  carried out.



M A R K E T  R E P O R T .
A V E R A G E  w h o l e s a l e  prices of standard 
O R G A N I C  C H E M I C A L S .

A cetan ilid ..............................................L b. 20% @ 23 '
A ceton e (drum s)........................... h V j @ 15
A lcohol, grain (188 p ro of)........ .G al. 2 .5 6  @ 2.58
Alcohol, w ood (95 per c e n t.) . . .0*1. 50 @ 52
Alcohol, denatured (180 proof) . .G al. 40 @ 42
A m y l A c e ta te ................................. . .G al. 2 .90  @  .3 0 0
A cetic  A cid  (28 per c e n t.) ........ . .0 . i .8 7 1/ 2 @  :2.0 2‘A
A niline O il....................................... I03/ 4 @ 11 >A
B enzoic A c id .................................. 2 3'A  @ 28
C arbon Tetrachloride (drum s). . -Lb. 91/A @ 12

Carbon B isu lphid e....................... nom inal

Chloroform ...................................... 20 @ 30
Carbolic A cid  (drum s)................ . .T,b. 18 @ 19
C itric A cid  (dom estic), crystals . .L b . 3? %  @ 39
Cam phor (refined in b u lk ) . . . . . . T.b. -  @ 44
D extrin e  (im ported p otato). . . . .T,b. 5 ‘A  @ 53A
D extrin e  (corn)............................. 2 .9 5  @  :S-3 I
E th er (U. S . P ., 1900)................ 14 @ 20

F orm aldehyde................................ 8 'A  @ 9 ‘A
G lycerine (d yn am ite).................. i 43A  @ 15

7 'A  @  , 7 V.
P yrogallic  A cid  (b u lk )............... 1-35 @  1 •45

32 @ 34
S tarch  (corn).................................... 2 .20  @  2 .50
S tarch  (p o tato )............................... 5 © 5 ‘A
T an n ic  A cid  (com m ercial).......... • Lb. 35 @ 35 A
T artaric  A cid, crysta ls................. 301A  @ 31

I N O R G A N I C C H E M I C A L S .

A ceta te  of L im e (g ra y ) .............. • C. 2 .25  @  2 •30
A cetate  of Lead (brown, broken )L b 73A @ 8

A lu m  (lu m p ).................................... 1 .7 5  @  2 .00
Am m onium  Carbonate, dom estic L b . 8 @ 8‘A
Am m onium  Chloride, g ra y ......... .L b . 6 '  @ 6 ‘A
A lum inum  S u lp h ate...................... 90 @  i •75
A q u a  A m m onia (drums) 16 0. . . .L b . 2 ‘A  @ 2 ‘A
A rsenic, w h ite .................................. .L b . 3 ‘A  @ 3*A
B rim stone (crude, d o m estic). . . .T o n 22.00 @  22 •50
B ariu m  C hloride.............................. 1-45 @  1 .60

B arium  N itra te ................................ 4%  @ 5
B orax, crystals (bags).................. 3 'A  @ 4
B oric  A cid , crystals (p o w d .) . . . Lb, 7 • @ 7 ‘A
Brom ine, b u lk .................................. .L b . 25 @ 30
B leach in g Pow der (35 per cent.) C. 1 .2 5  @  I •30
B ary tes (prim e w hite, fo re ig n ).. .T o n 18 .50  @  22 •50
B lue V itr io l....................................... 4 .90  @ 5 ‘A
Calcium  C h lo rid e............................ 65 @ 90
C halk (light p recip itated )........... .Lb . 4 A  @ 6
China C lay  (im p orted )................. Ton 11 .5 0  @  18 .00

F eldspar.............................................. 7 .0 0  @  9 .00
F u ller’s E arth , p ow d ered ............ .0 80 @ 85
Green V itriol (b u lk )...................... c 55 @ 60
H ydrochloric A cid  (18 0) .............. c i . 15 @  1 ■55
Iodine (resublim ed)....................... T.b. 2.60 @  2 ■65
Lead N itra te ..................................... ■ Lb, s ' A © 8 Vs
Lithium  C arbonate........................ ■ Lb. 67 @ 70
M agnesite (raw) ............................ .T on 7 .5 0  @  8 •50
N itric  A cid , 3 6 ° .............................. ,T,b 37/  8 ® 4 ‘A
Phosphorus....................................... .L b . 35 @ 90
Phosphoric A cid, sp. gr. 1 .7 5 .. . .L b . 22 @ 26
P laster of P a ris ............................... Bbl 1 .5 0  @  I. 70
Potassium  B rom ide......................... ■ L b 31 @ 34
Potassium  Perm anganate (bulk) Lb. 
Potassium  C yanide (bulk) 98 -

9 ‘A  @ 10

99 per cen t...................................... T.b 1 9 'A  @ 21
Potassium  Iodide (b u lk )................ T,b 2 .1 0  @  2. 15
Potassium  Chlorate, crystals ,Lb. 8‘A  @ 9 ‘A
Potassium  N itrate  (cru d e)............ T,b 4 3A  @ 5
Potassium  B ichrom ate, 5 0 °......... T h 67/  8 @ 7
Q u icksilver...................................... F lask  46.00 @ 4 8 .0 0
S a lt C ake (glass-m akers’) ............. C. 55 @ 65

c h e m i c a l s , e t c ., f o r  m o n t h  o f  m a r c h .

S ilver N itra te ....................................O z. 37 @  39
Soapstone in b a g s............................. T on  10.00 @  12.00
Sodium  A c e ta te ...................................L b . 4*A @  5
Sodium  Chlorate..................................L b . 8‘A  @  g '/ 2
Sodium  B icarbon ate (E n g lish ).. . L b . 23A  @  3
Sodium  B ich rom ate........................L b . .5 @  5 ‘A
Sodium  H ydroxide, 60 per cent. C. 1 .7 0  @  1 .7 5
Sodium  H yp osu lfite ........................ C. 1.3 0  @  1.60
Sodium  N itrate, 95 per cent.,

sp o t................................................... C. 2.20  @  2 .2 2 V ,
Sodium  Silicate  (liq u id )................ C. 65 @  1.5 0
S trontium  N itra te ...............................L b . 67/„ @  7*/s
Sulphur, R o ll ............................ . . . . C .  1.8 5  @  2 .15
Sulphur, Flow ers (su blim ed). . .  .C . 2 .20  @  2.60
Sulphuric A cid, 600 B ....................C. 83 @  1.00
T a lc  (A m erican)................................T on  15.00 @ 2 0 .0 0
T erra  A lb a  (Am erican), N o. 1 .  . .C . 75 @  80
T in  Bichloride (5 0 ° ) ...........................L b . i2 s/ 4 @  13
T in  O x id e .......................................... L b . 47 @  51
Zin c Chloride (granulated).......... L b . 4 ‘A  @  4 lA
Zinc S u lp h ate .................................... L b . 2 l/ t  @  2 '/ 2

O I L S ,  W A X E S ,  E T C .

B eesw ax (pure w h ite)...................L b . 40 @  45
B la ck  M ineral Oil, 29 g r a v ity . . .G a l. 12 @  12 1/ ,
Castor Oil (No. 3 ) ................................L b . 9 A  @  i o '/ a
Ceresin (ye llo w )...............................L b . 8 @  14
Corn O il.............................................. C. 5 .2 0  @  5 .5 0
Cottonseed Oil (crude), f. o. b.

m ill................................................... Gal. 34 @  35
Cylinder Oil (light, filtered)............ G al. i9 V a @  20
Japan W a x ......................................... L b . 9 ‘A  @  9*A
L ard  Oil (prim e w in te r) ...............G al. 80 @  85
Linseed Oil (double-boiled)........ G al. 72 @  75
Paraffine Oil (high v is c o s ity ) .. . .G a l. 23 A  @  24
Paraffine (crude 120 &  122

m . p .) ........... .................................... L b . 3 @  3 1/ 8
R osin Oil (first ru n ) ....................... Gal. 38 @  40
Spindle Oil, No. 1 ............................G al. 14 @  14V2
Sperm  Oil (bleached w inter) 3 8 ° .G al. 76 @  78
S tearic  A cid  (dtm ble-pressed). . .  L b . 83/ ,  @  9 ’/ ,
T allo w  (acidless).............................. G al. 63 @  65
T a r O il (distilled)............................ G al. 30 @  31

M E T A L S .

A lum inum  (No. 1 in go ts).............. L b . 191/ ,  @  19 '/ 2
A n tim o n y (H alle t’s ) ........................L b . 7 3A  @  7*A
B ism uth (N ew  Y o r k ) ..................... L b . 2 .1 0  @  2 .1 5
Copper (e lectro lytic)..................... .L b . 14 .60  @ 1 4 .6 5
Copper ( la k e ) .................................... L b . 14 .65  @  14 .7 5
L ead, N . Y ......................................... L b . —  @ 4 - 0 5
N ick e l....................................................L b . 40 @  45
P latin u m  (refined)........................... Oz. 4 5 .50  @ 4 6 .0 0
S ilv e r ...................................................... Oz. 58s/ ,  @  5 9 V ,

T in ..........................................................L b . 42 V s @  43
Z in c ...................................... ..................L b . 6 .8 5  @  —

F E R T I L I Z E R  M A T E R I A L S .

A m m onium  S u lp h ate ......................C. —  @  3 .30
F ish  Scrap, dom estic, d r ie d  U n it 3 .2 5  @ 1 0
B lood, d ried ........................................U n it 2 .8 5  @  —
T an kage, high g ra d e ....................... U n it 2 .7 0  @ 1 0
Bone, 4 ‘/ 2 &  50, ground, ra w  T on  27.00 @  —
Potassium , “ m u riate,”  basis 80

per c c n t ............................................ T on  38.05 @  —
Phosphate, acid, 16 per c e n t . . .  .T o n  7 .5 0  @  7 .7 5
Phosphate ro ck; f. o. b. m ine:

F lorida land pebble 68 per
c e n t................................................T on  3 .7 0  @  3.80

Tennessee, 68-72 per cen t. . .  .T o n  4 .2 5  @  4 .5 0
P yrites, furnace size, im p orted . .U n it  0 .13  @  0 .1 3 V ,
Castor m ea l..........................................U n it 2 .9 5  @  3 .1 0  &
M oivrah m eal...................................... T on  8 .50  @  9.00



LIQUID C H L O R I N E
IS  T H E  M O S T  A D V A N T A G E O U S  F O R M  OF T H I S  E L E M E N T  FOR ALL  U SE S.

O U R  P R O D U C T  IS P R A C T IC A L L Y  100% P U R E  C H L O R I N E .
W E  A R E  R E A D Y  T O  S U P P L Y  IN Q U A N T I T I E S  FOR I M M E D I A T E  D E L I V E R Y .

E L E C T R O  B L E A C H IN G  GAS CO.
M A N U F A C T U R E R S  O F  L I Q U I D  C H L O R I N E .  O FF IC E . "  2 4  AND 2 6  E A S T  21ST S T R E E T ,  N E W  Y O R K

R o b t . F. Carr Pres. W . A. Co n verse, Chem ical Director

Dearborn Drug and Chemical Works
Makers of Treatment for Boiler Waters  

As per Analysis
O p e ra to rs  o f A n a ly tic a l  L a b o ra to r ie s  P h y s ic a l T e s tin g  an d  A n a ly se s  of L u b ric a tin g  O ils

General Offices and Laboratories, McCormick Bldg., Chicago

SHRIVER 
FILTER PRESSES

For All Purposes
Filt»r Press  Pumps,  F i l ler  Clo lh  and F i l l e r  Paper  

S E N D  F O R  C A T A L O G  “ S ' 1

T. SHRIVER 4 CO.
Office and Works

824 Hamilton St., Harrison, N. J.

National Aniline and Chemical Co.
1 0 0  W illia m  Street, N e w  Y ork  

M a n u fa c tu re rs  o f Aniline Colors and Coal Tar Products 
im p o r te r s  o f DyestufFs, Chemicals, Gums, Etc.

O ffices an d  W a re h o u se s :

N E W  Y O R K  B O S T O N  N E W  H A V E N  C IN C IN N A T I  K A N S A S  C IT Y
P H IL A D E L P H IA  P R O V ID E N C E  C H IC A G O  M IL W A U K E E  M IN N E A P O L IS

W o rk s : S ch o c llk o p f, H a rtfo rd  fif H an n a  C o m p a n y , Buffalo.



Red G raduat ions  on Index P la tes  on Vo land  B a lances
F o r a b o u t a  y ear \vc h ave  furn ished our balances w ith  R E D  

G R A D U A T ED  IN D E X  PL A TES. U sed by  p rom inen t As- 
sayers and  C hem ists W IT H  G R E A T  SA T ISFA C TIO N . T h e  
BLACK ind ica to r or p o in te r oscillating before the  R E D  
g rad u a tio n s  enables C L O SE R  R E A D IN G S— IS R E S T F U L  TO 
T H E  E Y E S — and R E D U C E S  to  a M INIM UM  th e  ST R A IN  
thereon . C u t I llu s tra te s—

A n a lytica l B alan ce No. 1008Ascc“^ y2,™
M ANUFACTURED BY

V O L A N D  6  S O N S
(E s ta b lish e d  ISS8)

N e w  R o c h e l l e ,  N .  Y . ,  U. S . A.
Send  for Catalogue " E ”

Special Facilities for rep a irin g  B alances of any  m ake.
W rite  (o r Prices

BEARD’ S A UT O M A TIC  B U R E TTE  FOR ACCURATE AND 
RAPID M EASURING OF REPEATED  

VOLUM E S  OF A NY FLUID
Has been fo u n d  econom ica l and  su cce ss fu l in delivering  

a cc u ra te  doses o f  A n tito x in e  s o lu tio n s . B ac teria l vaccines. 
C u ltu re  m edia, and D ilu tio n s  fo r  m aking  B acteria l C o u n ts  
fro m  m ilk .

j .  Four-w ay stop-cock.
2 . P iston , working freely in  

measuring cylinder, 
j .  Screw regulating volume of 

charge.
4 . Canula from  which charge 

is  delivered.

T h e  a u to m a tic  
b u re tte  w as d e 
s i g n e d  in  t h e  
L ederlc  a n t i to x in  
la b o ra to r ie s  f o r  
a cc u ra te ly  m ea
su rin g  doses o f  
h ig h ly  c o n c e n 
tra te d  a n tito x in .

P a te n te d  Nov. 9th
1 9 0 9 .

P articu la rly ^a d a p tab le  fo r  chem ical m a n u fa c tu r in g  p lants 
and  ch em ica l-se llin g  o rgan iza tions  w h e re  a c c u ra c y  in  the  
m easu rem en t o f  ligh t and  heavy  chem ical liqu ids  w ill n e t a 
considerab le  sav ing  o v er th e  old  m ethods o f  m easuring .

A n y  sire  desirable m ade to  o rde r. W r i te  us o f  y o u r  re -  
u irem en ts .

G E O R G E .  E R M O L D
3 6 2 - 3 7 2  S e c o n d  A v e . ,  N E W  Y O R K

Trade Lists
and

Statistics
L ists o f  m anufacturers, im porters, exporters, c o n 

su m ers and sh ippers o f  ch em ica ls, drugs, o ils, paints, 
m inerals, m eta ls , e tc ., in th e  U nited S ta te s  and E urope.

S tatistica l data com piled  coverin g  th e  exportation , 
im portation or production of th e se  m aterials. T ab les o f  
price fluctuations prepared. T h e se  reports in conjunc
tion  with laboratory reports sh o w  th e  com m ercial im 
portance o f  the  m arkets.

A n editor, form erly identified  with th e  leading  
tech n ica l publications and w ell acquain ted  with th e  
tech n ica lities o f th e  industries, is  in ch arge o f  this 
departm ent.

C o rre sp o n d en ce , which is regarded a s  confidentia l, 
solic ited . C ata logu e .

The Trades Press Service
50=52 Pine Street, New Y ork  City.

THE EMIL GREINER COMPANY
4 5 - 4 7  C lif f  S t . ,  N E W  YORK C ITY

For years w e  h a v e  m ade a specia lty  furnishing

G L A S S W A R E  A N D  S U P P L IE S
to  th e  U. S . D ept, o f  Agriculture, S ta te  and M unicipal 

Laboratories, and are familiar with their requirem ents, 

and can  a ssu re  prom pt and in te lligen t ex ecu tio n  of  

orders in our line.

W e m anufacture a s  our w e  k n ow n  sp ec ia lties  

N E S S L E R  C Y L I N D E R S  o f co lo r less  g lass, uniform  

m arkings; F E R M E N T A T I O N  T U B E S  o f various  

sh ap es; C O U N T I N G  P L A T E S  with standard or 

sp ec ia l rulings; P IP E T T E S ; P E T R I  D IS H E S : C U L 

T U R E  T U B E S ;  e tc ., e tc . S e n d  for sp ec ia l list of 

G u aran teed  and  A c c u r a te  V o lu m e tr ic  G la ssw a re  

according to  th e  sp ec ification s o f  th e  Bureau of  

Standards.



K n o r r ’ s A p p a r a t u s
f o r  the

Distillation of Metals
r  •"1 !*c :

< G l a s s - B l o w i n g

¡1 C h e m ic a l ,  Physical

, and B acter io lo g ica l
Apparatus  and L a b 

’ M ora to ry  Supplies.

9 :: ' k \  '■ X  ' Catalogue “ A” upon request.

. <

. .*•*.. fJr-\ «*

E, M a c h l e t t  &  S o n ,
143-45 East 23rd Street,

NEW YORK CITY.
v

M anufacturers  of C hem ica l  Apparatus

— -•
E stab lished  1897.5

Hoffman & Kropff 
Chemical Company

M a n u fa c tu re rs  of

Synthetic Organic and 
Analyzed Inorganic

CHEMICALS
of e x ce p tio n a l p u r i ty ,  fo r  u se  in

Commercial, Scientific and 
University Laboratories

P r ic e  L is t on  re q u e s t

613-619 Kent Ave.,
BROOKLYN, N. Y.

C . O . BAKER, P res. C . W. BAKER. V ke-P res .

PLATINUM

CRUCIBLES and DISHES 
ANODES and CATHODES 
WIRE SH EET and FOIL

P L A T I N U M  I N S P E C I A L  

FORM S M ADE T O  DRA W IN G

Scrap purchased or ex ch a n g ed  

W rite for C a ta lo g u e .

BAKLR & CO., Inc.
408-414  N. J. R. R. Ave., 

NEWARK, N. J.
N. Y. O FFICE - - 3 0  C H URCH  ST.

£-12

Laboratory
Vacuum
Drying

Apparatus
Im proved Packard  

V a cu u m  P u m ps  lor  

V a cu u m  Pans,  for  

rapid and e c o n o m i 

c a l  ev a p o r a t io n  and  

c o n c e n tr a t io n ,  lo r  

tota l  dry ing ,  for i m 

p regnat in g  and pre

s er v in g ,  or d is  n- 

fe c t in g ,  lor  r e c la im 

i n g  o l  v a l u a b l e  

s o lv e n t s ,  e tc .

Fu lly  D e sc r ip t iv e  C ata logu e  up on  r eq u e st .

NORMAN HUBBARD’S SONS.
2 6 3 -5 -7  W a te r  S treet ,

Brooklyn, N. Y.



WESTON STANDARD 
CENTRIFUGALS

FOR

CHEMICALS, COLORS, DRUGS

10- INCH ( A L S O  M O T O R  D R I V E )
F OR L A B O R A T O R Y  AND E X P E R I M E N T S  

5 - I N C H  H AN D P O W E R

T h e A m e r i c a n T o o l a n d M a c h i n e C o .
i n c o r p o r a t e d  1864  | 0 9  Beach S t . ,  BOSTON, M A SS.

PREPARED 
C O T T O N S

F o r  N it r a t in g  a n d  other 

M a n u f a c t u r in g  Purposes

M A S S A S O I T  M F G .  C O .

FALL RIVER,  MASS-

Chemical Laboratory 
Glassware & Apparatus

H igh-grade Therm om eters and Hy
drom eters for Laboratory Use

M edium -grade Instrum ents 
for Factory Use

Carbondale Instrument Co.,
Carbondale, Pa.

New York Boston Pittsburgh Chicago Baltim ore

M e m b e rs  sh o u ld  w e a r  th e  A m e r ic a n  C h e m ic a l S o c ie ty

P I N
C ost o f P in  in  S o lid  G old ,

$3.75
M e m b e rs  in  good stan d in g  m a y  o b ta in  an  o rd e r  

on  th e  m a n u fa c tu re r  b y  ad d ress in g  th e  S e c r e ta r y .  
P a y m e n t sh o u ld  be  m ad e  to  m a n u fa c tu re r  d ir e c t .  D o 
n o t  r e m i t  to  th e  S e c r e ta r y .

C H A S . L . P A R S O N S . S e c ’y , 
D u rh a m , N .  H .

W e a lo jv
Instruments

A  F u l l  L i n e  o f
A lternating  Current Switchboard  

Indicating Instrum ents
i s  o f f e r e d  b y  t h i s  C o m p a n y ,  c o m p r i s i n g

W a t t  m o t o r s ,  Single and Polyphase, 
F r e q u e n c y  M e t e r s ,  P o w e r  F a c t o r  M o t o r s ,  

S y n c h r o s c o p e s ,  A m m e t e r s ,  V o l t m e t e r s .
N e w M o d e l s o l  W e s t o n D .  C .  I n s t r u m e n t s  to M a t c h

T h i »  w h o l e  g r o u p  o f  i n s t r u m e n t !  e m b o d i e s  t h e  r e s u l t s  o f  
s e v e r a l  y e a r s *  e x h a u s t i v e  s t u d y  a n d  s c i e n t i f i c  i n v e s t i g a t i o n  o f  a l l  
t h e  c o m p l e x  e l e c t r i c a l  a n d  m e c h a n i c a l  p r o b l e m s  i n v o l v e d  i n  t h e 
d e v e l o p m e n t  o f  d u r a b l e ,  r e l i a b l e ,  s e n s i t i v e  a n d  a c c u r a t e  i n s t r u 
m en ts  f o r  u se  o n  a l t e r n a t i n g  c u r r e n t  c i r c u i t s .

E v e r y  d e t a i l  o f  e a c h  o f  t h e s e  in s t r u m e n t s  h a s  b e e n  m o s t  c a r e 
f u l l y  s t u d i e d  a n d  w o r k e d  o u t  so  as to b e  s u r e  t h a t  e a c h  s h a l l  
f u l l y  m e e t  t h e  m o s t  e x a c t i n g  r e q u i r e m e n t s  o f  t h e s e r v i c e  f o r  
w h i c h  it  is  i n t e n d e d .  N e i t h e r  p a i n s  n o r  e x p e n s e  h a s  b e e n  s p a r e d  
in t h e  e f fo r t  to  p r o d u c e  i n s t r u m e n t s  h a v i n g  t h e  l o n g e s t  p o s s i b l e  
l i f e ,  t h e  b e s t  p o s s i b l e  s c a l e  c h a r a c t e r i s t i c s ,  c o m b i n e d  w i t h  g r e a t  
a c c u r a c y  u n d e r  t h e  m o s t  v i o l e n t  l o a d  f l u c t u a t i o n s  a n d  a l s o  u n d e r  
t h e  m a n y  o t h e r  t r y i n g  c o n d i t i o n s  m e t  w i t h  in p r a c t i c a l  w o r k .  
E v e r y  p a r t  o f  e a c h  i n s t r u m e n t  is  m a d e  s t r i c t l y  to g a u g e  a n d  t h e 
d e s i g n  a n d  w o r k m a n s h i p  a n d  f in is h is  o f  t h e  h i g h e s t  o r d e r  of  
e x c e l l e n c e .

W e  i n v i t e  t h e  m o s t  c r i t i c a l  e x a m i n a t i o n  o f  e v e r y  d e t a i l  of  
e a c h  m e m b e r  o f  t h e  g r o u p .  W e  a l s o  s o l i c i t  t h e  f u l l e s t  i n v e s t i 
g a t i o n  o f  t h e  m a n y  o t h e r  n o v e l  f e a t u r e s  a n d  v e r y  v a l u a b l e  o p e r a 
t i v e  c h a r a c t e r i s t i c s  o f  t h e s e  n e w  in s t r u m e n t s  a n d  r e q u e s t  a  c a r e 
f u l  c o m p a r i s o n  i n  a l l  t h e s e  r e s p e c t s  w i t h  a n y  o t h e r  m a k e  o f  i n 
s t r u m e n t s  i n t e n d e d  f o r  l i k e  s e r v i c e .  W e  o f f e r  t h e m  as a v a l u a b l e  
a n d  p e r m a n e n t  c o n t r i b u t i o n  to  t h e a r t  o f  e l e c t r i c a l  m e a s u r e m e n t .  
T h e i r  p e r f o r m a n c e  in s e r v i c e  w i l l  b e  f o u n d  to j u s t i f y  th«  c l a i m  
t h a t  n o  o t h e r  m a k e s  o f  i n s t r u m e n t s  a p p r o a c h  t h e m  in f i tness f o r  
t h e  s e r v i c e  r e q u i r e d  f r o m  A .  C .  S w i t c h b o a r d  i n d i c a t i n g  i n s t r u 
m e n ts .

F u ll particulars of design, construction , prices, 
e t c a r e  given in  Catalog 1 6 . W rite  for it.

W M jU e w £ £ e c h ia r f& n A tw 7n e n tC a
M a i n  o f f i c e  a n d  W o r k s  N e w a r k , N .  J .

N e w  Y o r k  O f f i c e : 1 1 4  L i b e r t y  S t r e e t .
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T he important field of Industrial and E ngineering Chem istry 

is com pletely co vered  by this Journal. The Editor is assisted by 

thirty A ssociate  Editors, each o n e  of w hom  is a recognized leader in 

the particular line o fj chem ical industry which h e is se lected  to 

represent.
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publicity possibilities of the advertising p ages of the “Journal of 
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Am erican C h em ical Society, ensures to the advertiser the greatest 

possible d egree  of effective  publicity.

For information concerning advertising rates address The American Chem

ical Society, 42 West 39th. Street, New York.



CLASSIFIED ADVERTISEMENTS

WANTED
W A N T E D :  An assistant chem ist  interested in and  

qualified for the analysis  of oils, etc., used in the paint  
industry. Address “ W . T . , ”  care Journal of Industrial  
and E ngineering Chem istry,  Easton, Pa., g iv in g  ex
perience, references, etc. 27-4-12

W A N T E D — to get in touch w ith an experi
enced analytical chem ist, w ho would consider 
opening a testing laboratory in a city in the 
Aliddle W est. Address “ A . X .,”  care Journal 
o f Industrial and E ngineering Chem istry, 
Easton, Pa. 57-4-12

MISCELLANEOUS
R E S E A R C H  L A B O R A T O R Y  equipped especially for 

study of problems in Rotary F urnace Practice. M e ch an 
ical equipment includes 2 '  x  2 0 ' rotary ce m e n t kiln, 
crushing, grinding, and screening m achinery, etc. C o m 
plete chem ical  laboratory with accom m odation s for 
private investigation. Open for limited en gagem ents,  at  
favorable terms. Address “ R. F. P.,”  care Journal of  
Industrial and Engineering Chemistry, Easlon, Pa.

____________________________________________ 3 3 - 4 - 1 2

H a r v a r d  U n i v e r s i t y  S t u d e n t s ’ 
E m p l o y m e n t  O f f i c e

has registered for sum m er em ploym ent men w antin g w ork in 
chem ical laboratories T h e  men are students of chem istry 
and can be h ighly  recom m ended. A vailab lefrom  June 20 
to  the last of Septem ber. A ddress com m unications to the 
S ecreta ry  for E m ploym en t, 9 U n iversity  H all, Cam bridge, 
Mass.

L A B O R A T O R IE S .
T w o  large and one sm all lab ora tory , also  

an office to  let in  th e  C h em ists’ B u ild in g , 
5 0  E ast 4 1 s t  S treet, N e w  Y ork .

G R A D U A T E  C H E M IST , aged 26, th orou ghly skilled and 
experienced in general an alytical work, de ires change. Place 
in or near Philadelphia, Pa., preferred. A ddress “ A n a ly s t,”  
care Journal of Industrial and Engineering Chem istry, Easton,
Pa-   56-5-12

C H E M IST , w ith  b est technical training in a  leading eastern 
u niversity  and tw o y e a rs ’ experience in petroleum  refinery 
of one of the large com panies, desires to  change present 
position. U nderstands w orks operations. E x cellen t refer
ences can be furnished. A dd ress “ S. F . C ,,”  care Journal 
of Industrial and Engineering C hem istry, Easton, Pa.

_____________________________________________ 4 3 - 5 - ^

C H E M IST , experienced in m an ufacture of full line of 
varnishes, japans, enam els, and several self-selling specialties, 
w ould m ake connection w ith  good c o n ce rn ." H as ow n 
laboratory and will m atch  sam ples, furnish form ulas, m ake 
analysis and test raw  m aterial. M oderate rem uneration 
acceptable. E xcellen t references furnished. A dd ress "O ils ,”  
care Journal of Industrial and Engineering C hem istry, 
E aston, P a . 42-5-12

C H E M I S T ,  College graduate 'OS, experienced in 

cem e nt laboratories and all w o rk  connected therewith,  
also in iron and steel analysis, desires to co nn ect with  
good co m p a n y .  Excellent references. Address “ W .
D .,”  care Journal of Industrial and E ngineering C h e m 
istry, Easton, Pa. 48-5-12

P O S IT IO N  w anted b y  graduate, B .A ., of a  large Eastern  
u n iversity . E xperienced in th e assayin g, refining, and re
co v ery  of silver, gold, p latin um  and indium ; also in the 
analysis of steels and fertilizers. E x ce llen t references. 
Address “ H . H .,”  care Journal of In d ustria l and E ngineer
ing Chem istry, E aston, P a. 61-5-12

W A N T E D , position b y  you n g m an grad uatin g in June 
from  chem istry departm ent of a  large u n iversity . Location  
im m aterial. Address “ A. E .,”  care Journal of Industrial 
and Engineering C hem istry, E aston, P a . 62-5-12

A  th eoretically  educated chem ist w ith  p ractica l experience 
wishes to  change his present position. R eplies should be 
directed to F. H ofer, P . O. B o x  665, P rince A lbert, Sask., 
Canada. 63-5-12

F E R M E N T O L O G IS T  and food chem ist desires a  change of 
position. Seven  years chief chem ist of a  large distillery, and 
for three years superintendent and distiller. H igh est 
references. A ddress "J .  X .  S .,”  care Journal of Industrial 
and Engineering Chem istry, E aston , P a . 47-5-12

R E S E A R C H  C H E M IST , B .S ., M .S., age 23, w ith  three 
y e a rs ’ experience in research w ork in pure organic chem istry, 
desires a  sim ilar position in th e industrial field. Position  in 
the E a s t preferred. K now ledge of French and G erm an. 
S a la ry  expected, $1200. Open to engagem ent June 1st. 
A ddress “ F . P . G .,”  care Journal of Ind ustria l and E ngineer
in g Chem istry, E aston, P a. 46-5-12

IN S T R U C T O R S H IP  or position of sim ilar grade in 
organic chem istry w anted  b y  P h .D . ( ’ 11, lead ing E astern  
U n iversity), beginning w ith  academ ic year I9 i2 - ’ i3 . A t  
present stu d yin g  abroad. F or further inform ation regard in g  
previous teaching experience, references, e tc ., a p p ly  to 
“ A lic y c lic ,”  care Journal of Industrial and Engineering 
Chem istry, Easton, P a. 45-5-12

C H E M IS T , B .S ., a t  present em ployed in m etallu rgical 
laboratory, desires a  change of em ploym ent. One y e a r ’s e x 
perience in iron, steel, brass, and ferro-alloy analysis. 
B road, theoretical training in all branches of chem istry. W ill 
a ccep t position a t  m oderate sa lary  where a b ility  and con 
scientious w ork will m erit advan cem en t. E x ce llen t refer
ences. A ddress “ W . L . ,”  care Journal of Industrial and 
Engineering C hem istry, E aston, P a. 50-5-12

FIR vST-CLA SS C H E M IC A L  E N G IN E E R , college gradu
ate. Open for engagem ent a b o u t June first. A t  present 
em ployed. E ig h t years head chem ist in cem ent factory. 
O n e y ear as head chem ist in beet sugar house. O ne year as 
head chem ist in sugar cane house. F am iliar w ith  m ach in ery  
in bo th  cem ent and sugar houses. G erm an and Spanish 
spoken. A ddress “ X . , ”  care Journal of Ind ustria l and 
Engineering C hem istry, E aston, P a . 51-5-12

A N A L Y T IC A L  CH EM IST, T u fts ’ 12, thorough 
know ledge of General A n alytical Chem istry and 
Sanitary W ater A nalysis, desires position with 
som e M anufacturing concern or W ater In
spection Laboratory, w here conscientious w ork 
and ability w ill m eet appreciation. Salary, 
m oderate to start. Address “ R. H. B .,”  29 Capen 
St., T u fts College, Mass. 49-5-12

SITUATIONS WANTED
Free advertisem ents for m em bers in good standing; who are 

seeking em ploym ent are lim ited to a  space of one and one-quarter 
inches ^70 words) and to two consecutive Insertions. E x tra  in
sertions and extra space a t regu lar rates.

Replies to advertisem ents sent “ care The Jou rna l of Industrial 
and Engineering Chem istry”  should be directed to the  publication 
office, Easton, Pa.



C H E M IS T  A N D  M E T A L L U R G IS T  w ith  p ractica l kn ow l
edge of m etallography. P h .D . U n iversity  of W isconsin. 
E xperienced in T ex tile , Inorganic, A llo ys  and A n alytica l 
w ork. T w o  y e a rs ’ experience on fa c to ry  research problem s. 
R ead s French and G erm an. Strong personality  and e x 
ecu tive  ab ility . A t  present em ployed in inorganic research. 
D esires to  connect w ith  com pany operating alon g chem ical 
lines in Southern  states, M exico, Central or S ou th  A m erica. 
C an furnish best of references. A ddress “ B . J . ,”  care 
Journal of Industrial and Engineering Chem istry, Easton, 
P a. 44-5-12

C H E M IST , pharm aceutical, graduate of G erm an U n iver
sity, desires to  change position. Long, p ractical experience 
in food, water, pharm aceutical and general analysis. 
F am iliar w ith  clinical and bacteriological work. E x p e rt in 
the analysis of to ilet preparations, w orking ou t of new and 
original ideas. Can assist pharm aceutical concern in the 
m anufacture o f new lines, am pules, artificial baths, etc . A t 
present and for the past eight years w ith  one of the m ost 
prom inent E astern  laboratories. A i  references. A ddress 
"C . B .,”  care Journal of Ind ustria l and Engineering Chem 
istry, Easton, Pa. 29-4-12

C H E M IS T , w ith w ide experience in S a n ita ry  W ater 
A nalysis, Brew ing, F erm entation, and T echn ical Chem istry, 
a t  present in structor in q u an tita tive  and of w ater analysis 
in an eastern college, desires to  hear o f position in either 
teach in g  or technical w ork. A ddress "W . E . R .,”  care 
Journal of Ind ustria l and Engineering Chem istry, Easton, 
P a. 55-5-12

G R A D U A T E  C H E M IS T , age 32, h a v in g  a  long experience 
in drug and chem ical work, desires position ofTering oppor
tu n ity  for advancem ent. Place in or near B altim ore, Md. 
A t present em ployed. Address "C hem ist,”  care Journal of 
Industrial and Engineering Chem istry, Easton, P a . 25-4-12

C H E M IS T  and bacteriologist open for engagem en t— teach 
in g  or p ractica l w ork. L ab o rato ry  and practical experience 
in vinegar, cider, jam s, preserves, catsups, canning, etc. 
H a ve  also ta u g h t a t  college. Address "P u re  Foods,”  care 
Journal of In d ustria l and Engineering C hem istry, Easton, 
Pa. 54-5-12

C H E M IST , w ith  five years’ experience in miscellaneous 
a n alytical w ork in a  com m ercial laboratory. H a ve  had 
special train in g in w a ter analysis and bacterio logy a t  
College. Desires a  position. Address “ L- E. B -,”  care 
Journal o f Industrial and Engineering Chem istry, Easton, 
Pa. 26-4-12

C H E M IS T , U n iversity  G raduate, P h .B ., form erly with 
large m anufacturing concern, experienced in general in vesti
gation and testin g of com m ercial products, organic and in
organic— paints, oils, lubricants, glass, clayw are, assaying 
and technical a n alysis— seeks position in New Y o rk  or 
v icin ity . M oderate sa lary  and excellen t references. A d
dress “ F. S. H  ,”  care Journal of Ind ustria l and Engineer
in g C hem istry, E aston , Pa. 53-5-12

E X P E R I E N C E D  Y O U N G  C H E M IS T , w ith  fou r years’ 
experience in m anufacturing baking pow der and extracts , 
wishes industrial position where there is o p p o rtu n ity  to 
advance. Can furnish best of references. Address " L . A. 
T .,”  care Journal o f Industrial and Engineering Chem istry, 
Easton, P a. 30-4-12

W A N T E D , b y  stud en t in leading Eastern  university, a 
position in a  chem ical laboratory, beginning June, 1912. 
H as had a  thorough training in an a ly tica l chem istry. H as 
experience in a n alyzin g  ores of all com m on m etals, limestone, 
rock, coal and gas. References furnished. Address "D . J. B .,”  
care Journal of In d ustria l and Engineering Chem istry,

W A N T E D , b y  undergraduate studen t in Eastern  technical 
school, a position in a  chem ical laboratory for th e m onths of 
June, Ju ly  and August, 1912. Can furnish best of refer
ences. Address “ S. W ., care Journal of Industrial and 
Engineering Chem istry, Easton, Pa. 34-4-12

Easton, Pa. 52-5-12
C H E M IC A L  E N G IN E E R , B .S ., P h .D ., of wide experience, 

a t  present in charge of m anufacturing end of large chem ical 
works, would like to  m ake a  change. A ddress “ A rgon,”  
care Journal of Industrial an d  Engineering Chem istry, 
Easton, Pa. 35-4-12

C H E M IC A L  E N G IN E E R , who will graduate in June with 
degree of B .S . from  a  leading technical school, desires position 
ofTering op p o rtu n ity  for advancem ent. Three m on ths’ 
p ractical experience in oil and w ater analysis. B est of 
references. A ddress “ J. A . H .,”  care Journal of Industrial and 
Engineering Chem istry, E aston , P a . 58-5-12

U N I V E R S I T Y  IN S T R U C T O R , B .S ., M .S., P h .D ., desires 
sum m er work, p referab ly  near Chicago, June 15th to Sept. 
15th. H as had theoretical, practical and teach ing experi
ence in A . C. and D. C electrical precision m easurements, 
high tem perature installation and m easurem ents, therm al 
analysis of alloys, steels, etc. and photom icrography. Address 
“ E . B .,”  care Journal of Industrial and Engineering 
Chem istry, E aston, P a. 59-5-12

P h .C . M ass. C o lle g e  o f P h a rm a cy . ' 0 9 . desires a 
change. A t  p resen t and fo r  th e past y e a r  and a h a lf w ith  
a large d a iry  co m p a n y  as ch e m ist and b a cte rio lo g ist. 
'J^ould p refer p ositio n  as assistan t in b a cte rio lo g ica l, 
h y g ie n e  o r board o f  hea lth  la b o ra to ry , p re fera b ly  th e first. 
W il l in g  to s ta rt on m oderate sa la ry , p ro vid ed  th ere is an 
o p p o rtu n ity  to learn and ad van ce . A d d re ss  “ T  O . L.,”  
care Journ al o f  In d u stria l and E n gin eerin g  C h e m is try . 
E aston . P a. 60-5-12

C H E M IS T , w ith  19 years’ experience in university  teach
ing, techn ical work, also general a n alytica l work, seeks a 
good position. A m  a t  present em ployed bu t have excellen t 
reasons for desiring a change. Address "C hem ist A ,”  care 
Journal o f Ind ustria l and Engineering Chem istry, Easton, 
Pa. 31-4-12

U N I V E R S I T Y  position desired b y  graduate of W isconsin, 
B . S. E ngr., M .S., P h .D ., in a reputable science and engineer
in g college desiring to  introduce course in applied electro
chem istry and chem ical engineering. H a ve  had six  years 
o f u niversity  teaching experience in a ll phases of chem istry, 
pure and applied  chem ical research work, laboratory con
struction, e t c . ' Address “ Professor,”  care Journal of Indus
trial and Engineering C hem istry, E aston, Pa. 36-4-12

C H E M IST , P h D ., Y a le , a t  present em ployed in connec
tion w ith  a  m etallurgical enterprise, desires a  change of 
em ploym ent. Com bines a  broad theoretical training in all 
branches o f chem istry w ith  practical experience in analysis 
and m etallurgy T horou gh ly  capable of handling research 
w ork in a n y  line or of running a  laboratory. Address “  S. 
H .,”  care Journal of Industrial and Engineering C hem istry, 
Easton, Pa. 37-4-12

A S S IS T A N T  C H E M IS T  in industrial laboratory desires to 
change w ithin Philadelphia, for advancem ent. G rad uate; 
over six  years’ experience in steel w orks laboratories and 
industrial laboratory; and experienced in iron and steel; 
fam iliar w ith  ferro-alloys, alloys, coal and lubricants. A 
position either as head or assistan t in an  industrial labo
ra to ry  preferred. Address “ M. S. G .,”  care Journal of 
Industrial and Engineering C hem istry, E aston , Pa. 38-4-12

R E S E A R C H  C H E M IS T , age 25, grad uate from  T echnical 
School of G erm an y, D .S . (D oktor-In genieur), specializing in 
p hysical chem istry, e lectrochem istry, p hysics, desires position 
in electrochem ical w orks or research laboratories in U . S. 
A m bitiou s, energetic, F ren chm an. Speaks E n glish , F rench, 
Germ an, H ungarian, Servian. G ood references. A ddress 
D r. M. G ., poste-restante (H auptpost-Iagernd), A ix-la- 
Chapelle, G erm an y. 28-4-12

G R A D U A T E  of M assachusetts In stitu te  o f T echn ology 
and Johns H opkins U n iversity , a t  present assistan t professor 
of organic and physiological chem istry and toxico logy, 
desires’ to  hear of position for teaching. M edical school 
preferred; experienced as teach er and in C lin ical exam in a
tions, and w ith  wide experience in san itary  chem istry and 
biology Address "H . S. F .,”  care Journal of In d ustria l and 
Engineering Chem istry, E aston, P a. 39-4-12



Important Van Nostrand Books
( IN  T W O !

V o l .  II { P A R T S  } N O W  R E A D Y
T O  B E  C O M P L E T E  IN  T H R E E  V O L U M E S  

1,294 Pages 6% x  $yi 14g Illustrations  Net $ 18.00

T E C H N I C A L  M E T H O D S
O F

C h e m i c a l  A n a l y s i s

E d i t e d  b y  G E O R G E  L U N G E , P h .D ., D r . I n g .
E m e r itu s  P ro fesso r o f  T e c h n ic a l C h em istry , F e d e ra l 

P o ly tech n ic  School, Z urich

E N G L I S H  T R A N S L A T I O N
From  the la te st G erm an E d ition, adap ted  to  E n glish  

Conditions of M anufacture

E D IT E D  BY

C H A R L E S  A L E X A N D E R  K E A I^ E , D .S c ., P h .D .
P rin c ip a l a n d  H ead o f th e  C h em istry  D e p a r tm e n t. T h e  S ir 

Jo h n  C ass T ech n ica l In s ti tu te ,  Iyondon.

C O N T E N T S  O F  V O L U M E  II

I R O N : P . A u l i c h , P h .D ., D uisberg; E n glish  translation 
revised b y  W e s l e y  J. L a m b e r t . M E T A L S  O T H E R  
T H A N  IR O N , A N D  M E T A L L IC  S A L T S : Prof. O.
P u f a h l , B erlin; E n glish  translation  revised b y  C. O. 
B a n n i s t e r , A .R .S .M . A R T I F I C I A L  M A N U R E S : T he 
L a te  Prof. O. B ö t t c h e r ,  M öckern; English translation  
revised b y  A l f r e d  S m e th a m . F E E D IN G  S T U F F S : 
F . B a r n s t e i n , Ph.D., M öckern; E n glish  translation re 
vised b y  A l f r e d  S m e th a m . E X P L O S IV E S : T h e L ate  
O. G u t t m a n n ;  English translation  revised b y  the A uthor. 
M A T C H E S  A N D  F IR E W O R K S : A . B u j a r d , P h .D ., 
S tu ttg a rt; English translation  revised b y  E . G . C l a y t o n .  
C A L C IU M  C A R B ID E  A N D  A C E T Y L E N E : Prof. G.
L u n g e  and E. B e r l ,  P h .D .; E n glish  translation  revised 
b y  J . T . C o n r o y ,  P h .D ., B .S c. IL L U M IN A T IN G  G A S  
A N D  A M M O N IA : O. P f e i f f e r , P h .D ., ¡.Magdeburg;
E nglish  translation  revised b y  H . G . C o l m a n , M .Sc., 
P h .D . C O A L  T A R : H. K ö h l e r ,  P h .D ., B erlin; English 
translation revised b y  Prof. A. G. G r e e n ,  M .Sc. O R 
G A N IC  D Y E S : Prof. R . G n e h m , Z u rich; E n glish  tran s
lation  revised b y  J. C  C a in , D .Sc., Ph .D .

V O L U M E  I  In  T w o  P a r t s  R E A D Y
1,024 Pages 20r Illustra tion s  Net $ 15.00

V O L U M E  I I I  In  A c t i v e  P r e p a r a t i o n

D r. L U N G E ’S
O T H E R  W O R K S  

C o a l  T a r  and A m m o n i a
F ou rth  E dition. T w o  Volum es. N o t sold sep arately
1.200 Pages. 8 vo, C loth. 305 Illustrations. Net $15.00

Sulp h uric  A c id  and A l k a l i
T o  be com pleted in Four Volum es. T hree now ready. 

Volum e I. Sulphuric Acid
1,225 Pages. 8vo, Cloth. 500 Illustrations. Net S15.00

Volum e II. Sulphate of Soda, H ydrochloric 
Acid, Leblanc Soda

1,024 Pages. 8vo, C loth. 335 Illustrations. Net $15.00

Volum e III. Ammonia=Soda, V ariou s Pro= 
cesses of A lkali M aking and the 

Chlorine Industry
T h ird  E dition. M uch E n larged .— J u st O ut.

784 Pages. 8vo, C loth. Illustrated . Net $10.00

C O N T E N T S :  T h e  A m m o n ia -S o d a  P r o c e s s , H is
t o r i c a l  a n d  G e n e r a l : T he A m m oniacal Solution  of 
S a lt. Production  of C arbonic A cid  for th e A m inonia- 
Soda Process. Precip itation  of Sodium  B icarbo n ate  b y  
th e C arbonating Process. F iltering, D ry in g  and C alcin 
ing the Bicarbonate. R e co very  of the A m m onia. C om 
bination  of the A p paratus, F inal P roducts, Costs, 
S tatistics. O ther Form s of the A m m onia-Soda Process. 
M anufacture of Com m ercial B icarbon ate b y  th e A m 
m onia-Soda Process. V a r i o u s  P r o c e s s e s  o f  t h e  
A l k a l i  M a n u f a c t u r e :  M anufacture of S od a  from  
C ryo lite ; D irectly  from  Sodium  Chloride; from  Sodium  
S ulp h ate w ith o u t Previous R eduction s to  S ulph ide; 
from  Sodium  Sulphate, a fter R edu ction  to  S ulph ide ; 
from  N itrate  of S od a-an d  Feldspar. T h e  C h l o r i n e  
I n d u s t r y :  G eneral N otes on Chlorine. M anufacture 
of Chlorine b y  M anganese Ore. U tiliza tio n  of S till- 
L iquor. O riginal W eldon Process. T h e D eacon P ro 
cess. O ther Processes for th e M anufacture of Chlorine. 
P roperties and B eh avior of th e H yp och lorites and of 
B leaching-Pow der. M anufacture of B leach in g-P ow d er. 
B leach -L iqu ors and O ther B lcach in g Com pounds. T h e  
Chlorates. A p p en d ix  of S ta tistica l D ata.

T e c h n i c a l  C h e m i s t s ’ H a n d b o o k

283  Pages. 12mo, Leather. Net $3.50

N IT R O C E L L U L O S E  IN D U S T R Y
A  Com pendium  of the H istory, Occurrence, M anufacture, Properties, Industrial A pp lication s and A n alysis  of [the 

N itrates, A cetates and X a n th a te s  of Cellulose as applied to  the Peaceful A rts. W ith  a chapter on G un cotton , Sm okeless 
P ow der and the E xp lo sive  Cellulose N itrates.

B y  E D V A R D  C. W O R D E N

T W O  V O L U M E S  1239 P ages 324 Illustrations 6)4 x  9 ^  3 P la tes Net $ 10.00

D. VAN NOSTRAND COMPANY PUBLISHERS
25  Park Place NEW YORK
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Industrial processes investigated and developed.
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R. L. E M E R S O N
C O N S U L T I N G  AND AN  A LYT1CAL CH  E M  1ST

F O O D  AND T O  X I C O  L O G  I C A L  E X A M I N A T I O N S  
I N V E S T I G A T I O N  R E S E A R C H

7 3 9  B O Y L S T O N  S T R E E T ,  B O S T O N ,  M A S S .

Samuel P. Sadder $ Son
C o n s u l t i n g  a n d  A n a l y t i c a l  C h e m i s t

A n alyses  a n d  re p o rts  m ade in  a ll  b ran ch es  o f In d u s tr ia l 
C hem istry .

E x p e r t  a ssis tan ce  in th e  D ev elo p m en t o f  C hem ical P ro 
cesses a n d  P a ten ts , an d  P re p a ra tio n  o f T es ti

m o n y  in  C hem ical P a te n t  Su its.

WILLIAM MILLER BOOTH
Cbenilst anö Engineer

S p e c ia li s t  in  p o w e r  p la n t  e c o n o m ie s — a n d  th e  w a te r  p ro b le m «  
o f  m a n u f a c tu r e r s — in c lu d in g  s o f te n in g ,  f i l t r a t io n ,  d i s t i l l a t io n  
a n d  th e  d is p o s a l o f  w a s te  l i q u o r s .

2 9 9  Broadway, N. Y, 7- »  D il laye  B ldg . ,  Syracuse, N. Y.

3. 3. Kessler, €b.€.
C o n su ltin g  and In d u s tria l Chem ist

Com pletely Equipped Laboratories for Analytical  
and Research W ork.

S A I N T  L O U IS .  >-'*

BOOKS ON CHEMISTRY
by W ilhelm  S eg erb lo m , A .B., Instructor in C hem istry at T h e Phillips E xeter  A cadem y, E xeter, N. H.

T A B L E S  O F  P R O P E R T IE S  of over fifteen  hundred com m on  inorganic su b stan ces . A n in d isp en sab le  referen ce  
b o o k  for ch em ists, m anufacturers, and sc ie n c e  teach ers. G iv es  com m on  n am es, ch em ica l and physical properties, 
and so lu b ilities o f  co m m o n  chem icals. 8vo , x  +  144 p ages. C loth , $ 3 .0 0  (prep aid ).

F IR S T  Y E A R  C H E M IS T R Y , a  text in e lem en tary  chem istry for secon dary  sc h o o ls . E m b o d ies th e  la test and b est  
thou gh t relating to  th e  p resen tation  of chem istry to  stu d en ts. 12m o, x x v +  4 1 0  p ages. C loth , $ 1 .5 0  (prep a id ).

C o m p l im e n ta r y  c o p ie s  a re  n o t  tf iv en , b u t  ip e c im e n  pages o f  e i th e r  b o o k  a re  a e n t f re e  o n  r e q u e a t .

EXETER BOOK PUBLISHING COMPANY - EXETER, NEW HAMPSHIRE. 5.„
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C h icago, Illin o is

D e p a r tm e n ts

M ed ica l Food C om m ercial

M illin g  and B ak ing

E x p e r t  S ta ff  o f  C o u r t  a n d  M e d ic o -L e tf a l
C o n s u l ta n ts  W o r k

3-12

0. C. Parker, Itl.S.
SOLICITOR OF CHEM ICAL PA TEN TS

S d i t b  6  M c G i l l  B d i l d i w o

W A SH IN G TO N , D. C.

K. P. Mc B l r o y . R . F. St e w a r d .

K. P. MCELROY
C h em ica l Cbemist

and
M etallurgical 9 1 8  F S T R E E T ,

P a ten ts  2 W A S H I N G T O N ,  D. C.



[ } a u s c l i [ o m i >

Chemical Microscope
Several im provem ents h a v e  been  incorporated in this m odel, giving it 

a  wider range of usefulness. T he distance betw een  the optical center and 

the b ase  of the arm is much greater and the range of the coarse adjustm ent 

is increased, a feature of vital im portance w hen working with vertical illu

minator or low -pow er objectives. T h e se  [improvements h a v e ' been  m ade 

possible by the adoption of our popular handle arm with lever fine adjust

ment.

For prices and specifications see descrip tive circular 68  A  w h ich  w ill  be 
sent free on request.

g a u s c h  &  j p m b  O p t i c a l  (o.
N E W  Y O R K  W A S H I N G T O N  C H I C A G O  S A N  F R A N C IS C O

L O N D O N  R O C H E S T E R .  NY. ™ a n k f o r t
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Look for this M ark on Every 
“ U n iv e rs a l” K n ead in g  and 
M ixing Machine Y o u  Buy!

It is  a g u a ra n te e  o f  t h e  h ig h e st  degree  o f  e f f ic ie n c y .  A w a r r a n t y  o f  unfailing 
s a t is f a c t io n  in e co n o m y  and use. A m om en t ju s t l y  m erited b y  us and m ade p o ssib le  
b y  i t s  long l is t  o f  u se rs  th ro u g h o u t t h e  world. U sed in e v e ry  land and never “ found 
w a n tin g .”

A  te s t im o n ia l  t o  our long exp e rie n ce  along t h e  Kneading and M ixing lines.
Our t y p e  VI s h o w n  here is  ve ry  rigid— all-around useful.
H as p o w e r  t i lt in g  arrangem ent, w hich  is  s e t  in action  b y  a f o o t  or hand lever. 

Gan be f i t t e d  w it h  sp ecia l  arrangem en t for m ixing a t  f a s t  and medium s p e e d s  
m a te r ia ls  t h e  c o n s is t e n c y  o f  w h ich  c h a n g e s  during th eir  t r e a t m e n t .

C a ta lo g u e  and full inform ation upon r e q u e s t— and it  p a y s  t o  in v e s t ig a t e .  Send 
yo ur nam e t o - d a y .

W erner £? Pfleiderer
SAGINAW, MICH.

Branch Offices: Philadelphia— N ew  York
E u ro p e a n  H o u s e j— C A NN STATT-STU TTG ART, BERLIN, COLOGNE, HAMBURG, FRANKFORT, DRESDEN, VIENNA, LONDON, 

PETERBOROUGH, PARIS, M ILAN, MOSCOW, ZUERICH, HAGUE.
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Pulverization 

of Products

R a y m o n d  

P u lv e r i s e r  
a n d  A  i r  

S e p a r a to r

Every [Cement Manufacturer in 
America will be interested in this 

record of the coal-grinding efficiency 
of two 5-Roller Raymond Mills in a 
large Cement Plant.

Some time ago a certain Cement 
Plant discarded six new Mills of an
other make and installed two R ay

mond 5-Roller M ills to grind coal. 
Here is a record of both in deadly 
Parallel:

R E C O R D  O F  
D IS C A R D E D  

M IL I .S

R E C O R D  O F  
R A Y M O N D  

M IL I .S

M ills  in op eratio n .......................

F ineness o f C o a l (th ro u gh 100

2

M c c h ) .............................................. 9 6 %

S h ifts  w o r k e d ................................... 1

H ours o f  cach  s h if t .......................... 12 \
T o ta l  hours per d a y ...................... ......... 24 12  }

M e n  e m p lo y e d ................................ 2

P o w e r  requ ired: O n e  sh ift

T w o  sh ifts  o f  160  H .P ............. ... 320  H .P 160  H .P .

H y g ie n ic  con dition  in U n fit  fo r
g rin d in g  ro o m ............................... Ideal

A d v a n tag e  of R a y m o n d  M ills

S a v in g  In i tia l  c o s t o f 4  m ills  an d  th e ir  m a in 
ten a n ce  charges.

S a v in g  12 p e r  c e n t ,  in  co al d u e  to  th e  g re a te r  
fineness.

D o in g  in  one sh if t  w h a t  re q u ire s  2 h v  th e  
D iscarded  "Mills.

S a v in g  th e  c o s t o f o p e ra tio n .

S a v in g  bb 2 -3  per cen t, o f  labor exp en se  (4  
m en each d a y ) .

S aves ‘i  th e  c o s t o f p o w e r.

T h e  m en  n o w  like  to  w o rk  in th e  g r in d in g  
room  and c o n s id e r th e  w o rk  a snap

T he features of the Raymond System which arc exclusive with it are the greater degree of fineness of the 
ground material and the automatic method of instantly separating the pulverized product from the mill and the 
conveying of it to the point desired. A ll this is done while the mill is in operation.

Send for our Book “M ,” which explains in detail what our system is and how and where it may be used.

Raymond Pulverizing Systems arc designed by our Engi
neering Specialists who fit them to conditions existing in your 
plant. They are installed with our absolute guarantee that 
they will do the service we claim and that you require, or the 
sale is not made.

Raymond Bros, Impact Pulverizer Go.
1 5 1 0  W est H arrison S t. C hicago, 111.

R E M I N D E R
T o write Raymond Bros. Impact 
Pulverizer Co.. 1510 West 
Harrison St., Chicago, for their 
Book “M  ' on M odem Methods of 
Pulverization and A ir Separation.



A  F E W  S N A P  S H O T S  I N  O U R  G L A S S  B L O W I N G  D E P A R T M E N T

Scientific Glass Blowing
I f  it’s not a s t o ck  article  We m a k e  it

In  addition to our im m ense stock  we operate a com plete  
g la ss  bio w ing departm ent, emplo}'- expert g la ss  blowers, en
gravers and grinders. W e m ake m ost precise therm om eters, 
hydrom eters and volum etric apparatus, a lso  chem ical ap
paratus o f  m ost in tricate design .

S c i e n t i f i c  M a t e r i a l s  C o m p a n y
P it ts b u rg h ,  Pa.

Laboratory supplies is not sim ply a branch o f our business but our sole business
We are fir s t source o f supply

A  FEW  SN A P SHOTS IN OUR GLA55 BLOW ING DEPARTM ENT



6

EVAPORATORS
OF ANY SIZE FOR ANY SERVICE

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 m ethod of 
operation is made possible by having radically different types of evaporator construction 
from which to choose. W hatever the conditions—be they incrustation or crystallization, 
foaming liquor, extrem e viscosity, high concentration necessary, or acid condition of 
liquor—we can provide the proper apparatus.

Note the w ide  v a r ie ty  o f  solutions handled successfully:

Black Liquor 
Copperas 
D istillery  Slop  
G lue
Garbage T an k w a ter  
P ack ers’ T an k w ater

Steep w ater  
G lucose  
G lyccrine  
Licorice 
M ilk  W h ey  
Sugar Juice

A  Z a re m b a  P a te n t  T r ip le  E ffec t

A ceta tes
A lu m in ates
C austic Soda
C austic P otash
C arbonates
C hlorates
C hlorides
C hrom âtes
N itra tes
P hosphates
S ilicates
Sulphates
Sulphides
A cetic  A c id
P hosph oric  A c id
E lectro ly tic  Solu tions
W ater D istilla tion
B y-p rod u cts  and W aste
Liquors o f all K inds

D o yo u  w is h  to learn

How to Economize in Cost of Operation?
Send for our Catalogue B.

Z A R E M B A  C O . D . S. M organ  B ldg.,
BUFFALO, N . Y.

N e w  Y o rk  O ffice: 708 S in g e r A n n e x .
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Ev a p o r a t o r s  of a l l  T y p e s
and

V a r y in g  C on stru ction
LET U S  F U R N I S H  Y O U  L IS T  O F  C U S T O M E R S  I N  A N Y  

O F  T H E  F O L L O W I N G  IN D U S T R I E S :

C H E M IC A L  M A N U F A C T U R I N G  
S U G A R  O R  G L U C O S E  
P A P E R , P U L P , L IQ U O R S  
P A C K IN G H O U S E  P R O D U C T S  
G LUE O R  G E L A T IN E  
G L Y C E R IN E , E T C ., E T C .

O V er 6 0 0  I n s t a l l a t i o n s  
O v e r  2 0  Y e a r s ’ E x p e r i e n c e

TYPE OF COMPLETE EVAPORATING PLANT RECENTLY 
DESIGNED A N D  NOW IN SUCCESSFUL OPERATION.

W H E R E V E R  T H E R E  H A S B E E N  A N  IN S T A L L A T IO N  O F  T H E  S W E N SO N  
E V A P O R A T O R  A N D  W H E R E  IN C R E A S E D  P R O D U C T IO N  A N D  EX- 
PA N S IO N  H A S N E C E S S IT A T E D  N EW  IN S T A L L A T IO N S  A N D  L A R G E R  
E Q U IP M E N T  A N O T H E R  D U P L IC A T E  O R  S IM IL A R  D E SIG N S H A V E  
B E E N  IN S T A L L E D  BY US.

B U L L E T IN  9 U P O N  R E Q U E S T .

S mNSONpjaPORATOR (o?
C h i c a g o .

Suite: 9 4 5  M on ad n ock  B lock, W orks: H arvey , 111.
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Powers-Weightman-Rosengarten Co.
© I jJ tm x s íts í

NEW YORK PHILADELPHIA ST. LOUIS
 -> + < -------

A  Full L ine o f C h em icals 

O f Standard Purity and E xcellen ce

C o m p le te  List o n  R eq u est

 -> ♦ < -------

Supplied by Dealers throughout the United States.


