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EDITORIALS T”

ADVANCE NEW  ENGLAND CHEM ISTRY.

A d v a n c e  N e w  E n g l a n d  is a monthly magazine, 
published by the Boston Chamber of Commerce, de
voted to the commerce, industry and public interests 
of Boston and New England, whose editor is 
Mr. Richard J. Walsh. Some of the best known 
New England chemists have seized upon the August, 
1910, number of this journal and with bold hands 
have hoisted their chemical colors and proclaimed 
to all their readers w hat chemistry m ay do for New 
England. On the outside front cover appears a cut 
of the plant of the Badische Anilin- und Soda-Fabrik 
a t Ludwigshafen-on-the-Rhine and we are told 
editorially that in the development of this plant New 
England should find an inspiration. “ For when the 
Fatherland was bare of raw materials, German genius 
imported them from England, manufactured them at 
home and sent them back to England, killing that 
country’s own aniline industry.”  New England is 
to a large extent devoid of raw materials for the 
chemical industries but she is thrifty. She is already 
largely dependent on outside sources of raw material 
for her mechanical manufacturers. In applied chem
istry w hy m ay she not do what Germany or any 
country has done?

Alan A. Claflin contributes “ The Relation of Chem
istry to In dustry”  and “ Extension of Chemical 
Industry in New England;” F. G. Stantial, “ The 
Chemical Resources of New England;” S , W. Wilder, 
“ Chemical Industry in New England To-day;” Arthur 
D. Little, “ Chemistry and D ividends” and “ Chemical 
Fakes;” William H. Walker, “ Achievements of Some 
New England Chemists;”  Henry P. Talbot, “ New 
England’s Share in Training Chemists.” In addition 
to this admirable array of authors and papers are 
several excellent editorials, all on chemical subjects. 
This is a chemical number indeed and a mine of in
formation for the laym an in regard to the nature of 
the operations of modem applied chemistry. W c hope 
the magazine will find a wide circle of readers and 
that other journals will follow the same idea and issue 
a chemical number now and again. \ y

CHEM ICAL ENGINEERING EDUCATION.

T h e  report of the Committee of the American 
Institute of Chemical Engineers on Chemical Engineer
ing Education,1 written by the chairman of the com
mittee, Dr. F. W. Frerichs, of St. Louis, is of more than 
usual interest and offers a number of suggestions for 
careful consideration. The difference between Ameri
can and European conditions of manufacture are ably 
set forth in the report and the accompanying letters; 
also the differences in methods and results in European 
and American schools and universities. Always 
susceptible to criticism and with abundant critics, 
curricula can be progressively modified only after the 
most careful consideration of all the facts. A  com
m ittee of this sort, however, speaks with authority. 
It is composed of university-trained men who have 
had the benefit of long experience in the schools of 
business, manufacture, and the practising professions. 
Dr. Frerichs himself is a type of the scholarly ohemical 
manufacturer. The report is worth the careful study 
of both educators and chemists in the industries.

ORIGINAL PA PLR 5.

ALLOYS OF NICKEL AND COBALT WITH CHRO
MIUM.

B y  E l w o o d  H a y n e s .

R eceived  A u g u s t 12, 1910.

The metals nickel and cobalt have always possessed 
a peculiar interest for the chemist. Like nearly all

'  See p a te  430 of this issue.
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of the more recently discovered metals, their com
pounds were known before the metals themselves 
were discovered. Indeed, it has been known for 
centuries that certain substances were capable of 
giving a blue color to glass, and there is but little 
doubt that this peculiar power was due to some crude 
compound of cobalt.

About two centuries ago, the ores of cobalt and 
nickel were encountered in the mining of copper. 
I t  was at first supposed that they were ores of the 
latter metal, but the miners, after vainly striving to 
smelt the ore, and failing to obtain any copper from 
it, designated it as “ kupfem ick,”  and from this ex
pression the word “ nickel”  originated.

Attem pts were also made to smelt the ores of cobalt, 
but as no useful metal resulted, they decided that 
the goblin, or “ kobold," supposed to inhabit the 
mines, had placed a ban upon the ore, and thus ren
dered it incapable of producing valuable metal. 
From this designation, by the German miners, the 
name “ cobalt”  was derived.

It  was not until 1751 that Cronsted published the 
results of an investigation which he had made upon 
an ore obtained from the mines of Helsingland. This 
ore yielded a brittle metal, and as it occurred most 
abundantly in “  kupfem ickel,” he suggested for it 
the name of nickel.

A  few years later, in 1776, it  was discovered that 
nickel was evidently one of the constituents of a Chi
nese alloy, known as “ packfong.”

The use of nickel in German silver began about the 
year 1823. It was not, however, until 1S57 that 
Messrs. Deville and Debray, the clebrated French 
chemists and metallurgists, prepared pure nickel by 
heating its oxalate in a lime crucible. From the pure 
metal thus obtained wires were made, which showed 
a tensile strength superior to that of wrought iron. 
The wires also showed considerable toughness, and 
when polished pre ented a bright, silvery appear
ance, and retained their luster fo an indefinite period, 
under all ordinary atmospheric conditions.

A  few years later the art of electroplating nickel was 
discovered and has since received a very wide applica
tion. Tons of the double sulphate of nickel and am
monium are used for this purpose every year.

Besides this latter important application of the 
metal, it is now used in large quantities for the manu
facture of nickel steel, which has become a common 
substance in the making of naval guns, projectiles, 
armor plate, and high-class automobiles.

The history of cobalt is similar to that of nickel, 
excepting that the compounds of cobalt were used 
in the arts, instead of the metal itself. In fact, but 
little was known of the metal until 1857, when Deville 
produced the pure metal in practically the same 
manner that nickel was prepared. It wras found

that cobalt was even stronger than nickel, possessing 
a tensile strength of about 65,000 pounds per square 
inch. Indeed, up to that time, it was the strongest 
pure metal y e t discovered, and it still holds this posi
tion, with the possible exception of tantalum.

About the year 1895 I made a number of tentative 
experiments relating to the production of alloys of 
nickel with iron, chromium, and other metals. The 
fusions were made in small graphite crucibles, which 
were heated in a  blast furnace of the Fletcher type, 
operated by natural gas. I had a t that time the ad
vantage of natural gas a t a pressure of forty pounds 
or more per square inch. W ith a suitably arranged 
furnace of this character, temperatures ranging up 
to the fusing point of the most refractory Missouri 
fire clay were readily obtained. I succeeded in ob
taining by this means alloys of nickel and chromium, 
which contained, however, a considerable amount of 
carbon aiid silicon. A  small quantity of aluminum 
was sometimes added to the alloy in order to im
prove its quality. B y  this means I obtained an al
loy of chromium, nickel, and aluminum, which was 
hard and brittle, but possessed fairly  good color and 
luster. For this alloy a knife blade was formed, 
which showed fair cutting qualities and considerable 
resistance to atmospheric conditions. I t  was readily 
soluble in nitric acid and after long exposure to the 
atmosphere of a chemical laboratory it became tar
nished, showing a greenish coating on its surface.

Later, I attem pted to produce alloys of nickel 
and chromium with titanium, by means of an electric 
furnace, made from blocks of quicklime. This proved 
unsatisfactory', but I continued experimenting with 
the gas furnace and, finally, succeeded in producing 
an alloy of nickel and chromium entirely free from 
carbon by heating the pure mixed oxides of the two 
metals with powdered aluminum, in a crucible lined 
with pure oxide of aluminum. The reaction was so 
violent that most of the metal was thrown from the 
crucible. A  few small pellets were saved, and these 
showed great m alleability, flattening readily under 
the hammer, without cracking. The alloy possessed 
a fine color, and when polished exhibited a beautiful 
luster. Larger pellets were soon obtained, and it 
was found that when the chromium content much 
exceeded ten per cent, that the alloy showed remark
able resistance to chemical reagents, particularly to 
nitric acid.

A t about the same time I reduced a mixture of the 
sesquioxides of cobalt and chromium with powdered 
aluminum and thus obtained minute pellets of an 
alloy of cobalt and chromium. The little particles 
thus produced were not much larger than pinheads. 
They were found to be remarkably hard and could 
scarcely be scratched by a file. A  few of them were 
ground off on one side by means of carborundum and 
showed a brilliant luster. It  occurred to me that
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the metal might become serviceable for cutting in
struments.

A  short time after the above experiments were 
made I was called actively into the automobile busi
ness, and thus compelled to abandon further ex
periments along this line for some time.

In 1905 I repeated some of the former experiments, 
with a view  to utilizing the alloys of cobalt and nickel 
with chromium for ignition points, in connection 
with gas engines. I was soon able to produce both 
the alloys of nickel and cobalt in considerable quantity. 
I ascertained that the nickel-chromium alloy could be 
worked cold, w’hile the cobalt-chromium alloy must 
be worked hot in order to obtain any degree of satis
faction.

The first pellets of the cobalt-chromium alloy, 
weighing from fifteen to thirty grams, were obtained 
by heating mixtures of aluminum with the oxides 
of cobalt and chromium in crucibles lined with the 
oxide of aluminum. Some of these pellets were heated 
to redness and flattened out under the hammer, and 
while this could be done without cracking the alloy, 
the metal was found to be very  hard even at red heat.

I soon found that it was impracticable to reduce 
the alloy in this manner in large quantities. I  ac
cordingly purchased a considerable amount of pure 
cobalt and pure chromium and had a mixture of 
nearly equal parts of these metals fused in an elec
tric furnace, the metals being placed in a carbon 
crucible lined with pure magnesia. The alloy was 
cast into a small bar, about one-fourth of an inch 
square, and five or six inches long. This alloy exhibi
ted most of the characteristics of that obtained by 
reduction with aluminum, but it could not be drawn 
to any extent under the hammer without cracking. 
W hether this was due to the high percentage of chro
mium, or to slight impurities in the metals employed, 
I am as yet unable to say.

In order to determine what the effect of alloying 
the cobalt with smaller percentage of chromium 
would be, I again had recourse to the gas furnace 
and succeeded in melting a m ixture containing 75 
per cent, cobalt and 25 per cent, chromium in a cru
cible made of a very refractory material, which I 
compounded for the purpose. Much to m y satis
faction, I succeeded in melting this alloy to a perfect 
fluid and poured it into an ingot mold, which gave 
me a bar of metal about one-half an inch square 
and five or six inches in length. This metal proved 
to be very sonorous and elastic, and if some care were 
used it could be hammered out into a rough strip.

A fter a considerable amount of experimenting 
with various purifying agents I finally succeeded in 
producing a very tough and malleable alloy, which 
could be hammered out into the thinnest sheet at a 
bright red heat without showing any sign of crack- 
;ng. A  razor blade was made from a bar of this alloy,

and while it did not prove equal to the best steel for 
this purpose, it has been used hundreds of times for 
shaving purposes, and after a year and a half shows 
practically no signs of wear, though, of course, it has 
been necessary to strop it frequently in order to keep 
it in good condition. The bar was made about two 
years ago, and I am sure that I have since produced 
metal that Would be much more satisfactory for the 
purpose.

A  test of tensile strength and elastic limit of this 
material was made, with results as follows: Elastic
limit, 79,000 lbs., tensile strength 96,000 lbs. Elonga
tion, 3 per cent. I t  will be seen from the above that 
both the elastic lim it and tensile strength of this ma
terial are superior to those of untreated steel, re
sembling more nearly those of good nickel steel. The 
elongation is quite low, but this is to be expected 
on account of the great hardness of the alloy, which 
is equal to that of mild tempered tool steel. A  test 
was also made of the modulus of elasticity of this 
material, which was found to be about equal to 
that of steel. This is a very  significant fact, since 
heretofore it has not been possible, so far as I am 
aware, to form an alloy of non-ferrous metals, 
which would show a modulus of elasticity com
parable to that of iron and steel. And it is 
lack of this valuable property in various non-fer
rous mixtures which renders them inferior to iron 
for m any important purposes.

A  pocket knife blade and several table knife blades 
were made from this material, and were found to be 
very  satisfactory in every respect. One of these 
table knife blades has now been in use for more than 
two years in the kitchen, where it was used for all 
sorts of purposes, such as cutting bread, turning grid
dle cakes, peeling and paring vegetables, and for 
various other purposes such as are known only to the 
culinary art. A fter all this use and abuse, the knife 
shows not the slightest trace of tarnish, and has held 
its luster so well that when exposed to the sun it 
shows a reflection which dazzles the eyes.

B y  mixing the alloy with small quantities of other 
substances, its properties m ay be modified to a re
markable degree. B y  this means I have obtained 
alloys, or combinations, which, while very brittle, 
would readily scratch quartz crystal.

B y  reducing the quantity of chromium to some ex
tent, and adding certain other materials, alloys which 
are practically proof against nitric acid can readily be 
obtained, which are sufficiently soft and malleable 
to be worked cold, having a hardness not much greater 
than that of mild, untempered steel.

Between these two extremes a great variety of com
binations can be made which are suitable for use for 
various purposes. For example, I  have produced an 
alloy of sufficient hardness that when it  is farmed 
into a small bar, say one-half an inch wide, one-fourth
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an inch thick, and three inches long, and one of the 
ends shaped for a cold chisel, a 20-penny nail can be 
cut in two without marring the edge of the chisel in 
the slightest degree. I have formed another alloy 
into a small lathe tool, about one-fourth an inch square 
and three inches long, which showed cutting quali
ties comparable to high-speed tool steel. In fact, in 
some respects, especially under high speed and light 
cuts, it has stood the test for a long time, where high
speed steel failed almost instantly, on account of the 
intense heat generated. I wish it distinctly under
stood, however, that I do not recommend this ma
terial as yet for lathe tools, though it would have a 
high value for this purpose if it were not obliged to 
compete with alloy steels.

An alloy of 75 per cent, cobalt and 25 per ccnt. 
chromium, to which small quantities of other metals 
are added, is not only sufficiently hard for good edge 
tools, but is quite tough, and can be bent much be
yond its elastic limit without cracking, resembling 
in this respect the alloy steels, but, generally speak
ing, it  is much harder. A bar of the alloy, onc-fourth 
inch square, can be bent at right angles without show
ing any signs of cracking.

Chemical Properties.— When the mixture of cobalt 
and chromium is heated to whiteness in a crucible, 
the cobalt first commences to fuse and immediately 
begins to combine with the chromium, and if the 
metals are mixed in the proportion of about three 
parts, by weight, of cobalt to one of chromium, a 
eutectic is formed which seems to possess a lower 
melting point than either cobalt or chromium.

The color of the alloy lies between that of steel 
and silver, - and is especially pleasing in bright light. 
The alloy is also readily polished, but requires special 
treatment in order to develop its highest luster.

The most remarkable property of this combina
tion, however, is its resistance to corrosion. It  is 
equaled in this respect only by gold and the metal 
of the platinum group. It  is attacked slowly by 
dilute hydrochloric acid and somewhat vigorously 
by the strong acid, especially when heated. Momen
tary exposure, however, to either dilute or strong 
hydrochloric acid has practically no effect on the 
metal. Both strong and dilute sulphuric acid a t
tack it very slowly when cold, and not very rapidly 
even when heated. Nitric acid is totally without 
action upon it, and a polished piece of the alloy may 
be boiled in that substance for hours without affecting 
the luster of the metal in the slightest degree.

Solutions of the caustic alkalies are also totally 
without action upon it, even when boiled for hours. 
The alloy is likewise proof against all atmospheric 
influences, whether the air be moist or dry, and re
tains its brilliant luster for months, or even years, 
under severest conditions. Even sulphuretted hydro

gen, when present in the atmosphere in large quan
tity, is totally without action upon it.

Its resistance to culinary operations has already 
been mentioned.

When the metal is heated in contact with the a t
mosphere it retains its color up to a temperature ap
proaching a dull red, or about 500°, when it shows 
a faint straw color, which deepens as the tempera
ture rises, passing through bronze-yellow, purple, 
blue, and finally terminating in blue-black.

The alloy shows no scale, even when heated to 
bright orange, and the film of oxides does not seem to 
increase in thickness after prolonged heating.

It can readily be melted in an open crucible in a 
gas furnace with practically no oxidation, so long as 
a slightly reducing flame is maintained. This is all 
the more remarkable on account of its high melting 
point, which seems to be about 1650 cc. for the 25 
per ccnt. alloy. Indeed, the metal has been melted 
in this manner with a loss of less than one-half of one 
per cent.

Uses.— The uses for any substance m ay be limited 
in several particulars: first, b y  the limitations of its 
fitness; second, by the possibility of producing it in 
proper form; and third, by its cost. This material 
is particularly suitable for all kinds of small cutting 
instruments, since it takes an edge comparable to 
that of tempered steel. It is especially adaptable 
to the manufacture of pocket knives, on account of 
the beauty of its color, and the brilliancy of its luster, 
both of which remain permanent under all circum
stances, thus giving the blades a particularly attrac
tive appearance. ' K nives of this description m ay 
be used for cutting fruit without danger of marring 
their luster in the slightest degree.

Alloys in certain proportions will also doubtless 
find a -wide use for surgical instruments, since they 
resist perfectly all sterilizing solutions.

The alloy is perhaps better adapted for table cut
lery than anything that has ever yet been produced. 
We all know too well that a silver-plated knife, for 
example, is ill adapted for cutting meat, and it cannot 
be sharpened without destroying the plating. Steel 
knives, on the other hand, while they cut well, require 
endless labor to keep them in presentable condition, 
and at best, they are unsightly in appearance.

The alloy is also of considerable interest to the 
chemist and physicist. I t  is admirably adapted for 
the manufacture of fine weights for balances, scrapers, 
spatulas, and other laboratory appliances. To the 
physicist, it  furnishes a material which is at once 
hard, lustrous and untarnishable, and hence well 
adapted for the manufacture of fine weights, meas
uring instruments, and various small tools.

The alloy is also particularly well adapted for the 
manufacture of standard weights and measures, 
such as the gram, kilogram, meter, etc., and it is
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difficult to see in what respect it is inferior for this 
purpose to the expensive platinum-iridium alloy now 
in use.

The alloy could readily be made into laboratory 
vessels, cooking utensils, spoons, forks, etc., and it 
is limited in this respect only by its cost.

Cost.— Regarding the cost of production and manu
facture, I am not at present prepared to make definite 
statements. I have succeeded, however, not only in 
obtaining the raw material a t lower prices, but have 
also reduced the cost of production to a considerable 
degree, so that it is now possible to produce the al
lays with as much despatch and precision as is possi
ble in the production of common alloys.

KLo k o m o , I n d .

THE DETERMINATION OF SUGAR LOST BY EN
TR A P M E N T  FROM EVAPORATORS.

By R . ri. N o r r i s .

R e c e i v e d  A u g u s t  5 , 1910.

W herever evaporating apparatus that was con
structed tw enty years or more ago is in use in sugar 
factories, there is likely to be a continual loss, more 
or less, of sugar by entrainment. It  was only about 
that time that the importance of having large vapor 
pipes and considerable space above the steam chest 
or tubes was beginning to be realized. Even re
cently constructed evaporators m ay also entrain at 
certain times. Some reliable method of determin
ing how much sugar is being lost in this w ay is there
fore of importance.

In a multiple effect evaporator the entrainment is 
most pronounced from the last body, on account of 
the greater volume of the vapor and the greater vis
cosity of the juice. And as whatever juice is carried

out with the vapor from this effect finds its w ay into 
the condenser water, it becomes necessary to deter
mine the sugar in a very dilute solution and to know 
the weight of the solution, that is, of the condenser 
water. Various devices have also been used for col
lecting a sample of the vapor, leaving the last effect 
representing an aliquotic portion of it, and deter
mining the sugar in this; but these are of doubtful 
value.

As no detailed description of a method for deter
mining the sugar in the condenser water is known 
to the writer, he has thought it advisable to publish 
a description of a  method used by him in testing a 
number of evaporators.

The apparatus necessary for the determination is 
a stove or heater of some kind that can evaporate a 
considerable volume of water in a short time, a large 
vessel for evaporating the water in a small evapora
ting dish holding about two hundred cubic centime
ters, a piece of sheet asbestos about eight inches (20 
cm.) square, a measuring cylinder or flask holding 
five hundred cubic centimeters or a liter, a centigrade 
thermometer, and the usual sugar laboratory outfit 
for polarizations.

F ive liters of condenser water are collected, a liter 
a t a time, at intervals of half an hour, as it leaves the 
condenser and as near to it as possible, and placed in 
a perfectly clean vessel— preferably one that has not 
had anything containing sugar in it before. The 
evaporation had best be begun as soon as the first 
sample is collected, a few drops of sodium carbonate 
solution being first added. When the water has been 
evaporated down to about 150 cc. it is transferred to 
the small evaporating dish, the last traces being 
washed out of the large dish into the smaller one.

W e i g h t  o f  C o n d e n s e r  W a t e r  C o r r e s p o n d i n g  t o  a  U n i t  W e i g h t  o f  W a t e r  E v a p o r a t e d  f r o m  J u i c e .

T e m p , o f w a te r 
go ing  in to  con- -

(F o r S ing le E ffec ts , t. e,. V acu u m  P ans.) 
T e m p e ra tu re  o f W a te r  C om ing O u t o f C ondensers in  ' C.

denser in 0 C. 30. 32. 34. 36. 38. 40. 42. 44. 46. 48. 50. 52. 54. 56. 58. 60.

5 2 4 .7 2 2 . 8 2 1 .3 1 9 .9 18 .7 1 7 .6 16.7 1 5 .8 1 5 .0 14 .3 13 .7 13.1 1 2 . 6 1 2 . 1 1 1 . 6 11 .2

6 2 5 .6 2 3 .7 2 2 . 0 2 0 . 0 19 .2 18.1 17.1 16 .2 15 .4 14 .7 1 4 .0 13 .4 12 .8 12 .3 1 1 . 8 11 .4
7 2 6 .7 2 4 .6 2 2 . 8 2 1 . 2 1 9 .8 1 8 .6 17 .6 16 .6 1 5 .8 1 5 .0 14 .3 13.7 13.1 1 2 .5 1 2 . 0 1 1 . 6
8 2 7 .9 2 5 .6 2 3 .6 2 1 .9 2 0 .4 19 .2 18 .0 1 7 .0 16-1 15 .3 1 4 .6 1 3 .9 13.3 1 2 . 8 12 .3 11  .8
9 2 9 .2 2 6 .8 2 4 .5 2 2 .7 2 1 . 1 19.8 18 .6 1 7 .5 1 6 .6 15 .7 1 4 .9 14 .2 13 .6 13 .0 1 2 .5 1 2 . 0

10 3 0 .6 2 7 .8 2 5 .5 2 3 .5 2 1 . 8 2 0 .4 19.1 1 8 .0 1 7 .0 16.1 15 .3 14 .6 1 3 .9 1 3 .3 1 2 .7 1 2 . 2
11 3 2 .1 2 9 .1 2 6 .5 2 4 .4 2 2 . 6 2 1 . 0 19.7 1 8 .5 17 .4 16 .5 15 .7 1 4 .9 14 .2 1 3 .6 1 3 .0 12 .5
12 3 3 .9 3 0 .5 2 7 .7 2 5 .4 2 3 .4 2 1 . 8 2 0 .3 19 .0 1 7 .9 1 6 .9 1 6 .0 15 .2 14.5* 13 .9 13 .3 12 .7
13 3 5 .8 3 2 .0 2 9 .0 2 6 .5 2 4 .3 2 2 .5 2 1 . 0 1 9 .6 18 .4 17 .4 1 6 .4 1 5 .6 1 4 .8 14 .2 13 .5 1 2 .9
14 3 8 .0 3 3 .7 3 0 .4 2 7 .6 2 5 .3 2 3 .4 2 1 .7 2 0 . 2 19 .0 1 7 .9 16 .9 1 6 .0 15.2 14 .5 13 .8 13 .2
15 4 0 .4 3 5 .7 3 1 .9 2 8 .9 2 6 .4 2 4 .2 2 2 .5 2 0 .9 1 9 .6 18.4 17 .3 16 .4 1 5 .6 1 4 .8 14.1 1 3 .5
16 4 3 .2 3 7 .8 3 3 .6 3 0 .3 2 7 .5 2 5 .2 2 3 .3 2 1 . 6 2 0 . 2 1 8 .9 17 .8 1 6 .8 15 .9 15.1 14 .4 13 .8
17 4 6 .5 4 0 .3 3 5 .6 3 1 .8 2 8 .8 2 6 .3 24 .2 2 2 .4 2 0 . 8 19.5 18 .3 17 .3 16 .3  . 1 5 .5 14.7 14.1
18 5 0 .3 4 3 .1 3 7 .8 3 3 .5 3 0 .2 2 7 .4 2 5 .1 2 3 .2 2 1 . 6 2 0 . 1 1 8 .9 17 .7 1 6 .8 1 5 .9 15 .1 14.4
19 5 4 .8 4 6 .3 4 0 .2 3 5 .4 3 1 .7 2 8 .7 2 6 .2 24 .1 2 2 .3 2 0 . 8 19 .4 18 .3 17 .2 16 .3 15 .4 1 4 .7
20 6 0 .1 5 0 .1 4 3 .0 3 7 .6 3 3 .4 3 0 .1 2 7 .3 2 5 .1 2 3 .1 2 1 .5 2 0 . 0 1 8 .8 17 .7 16 .7 15 .8 1 5 .0
21 6 6 .7 5 4 .6 4 6 .2 4 0 .0 3 5 .3 31 .6 2 8 .6 2 6 .1 2 4 .0 2 2 . 2 2 0 .7 19 .3 18 .2 17 .2 16 .2 1 5 .4
22 . 74 .9 5 9 .9 4 9 .9 4 2 .8 3 7 .5 3 3 .3 3 0 .0 2 7 .2 2 5 .0 2 3 .1 21 .4 2 0 . 0 18.7 1 7 .6 16 .7 1 5 .8
23 8 5 .5 6 6 .5 5 4 .4 4 6 .0 3 9 .9 3 5 .2 3 1 .5 2 8 .5 2 6 .0 2 3 .9 2 2 . 2 2 0 . 6 19 .3 18.1 17.1 16 .2
24 9 9 .6 7 4 .7 5 9 .7 4 9 .8 4 2 .7 3 7 .3 3 3 .2 2 9 .9 2 7 .2 2 4 .9 2 3 .0 2 1 .3  ' 1 9 .9 18.7 1 7 .6 1 6 .6
25 119 .3 8 5 .2 6 6 .3 5 3 .2 4 5 .9 3 9 .8 35 .1 3 1 .4 2 8 .4 2 5 .9 23 .9 2 2 . 1 2 0 . 6 19 .2 18.1 1 7 .0
26 148 .8 9 8 .2 7 4 .4 5 9 .5 4 9 .6 4 2 .5 3 7 .2 3 3 .1 2 9 .8 2 7 .1 2 4 .8 2 2 .9 2 1 .3 19 .8 1 8 .6 1 7 .5
27 198.1 118 .9 8 4 .9 6 5 .8 5 4 .0 4 5 .7 3 9 .6 3 5 .0 3 1 .3 2 8 .3 2 5 .8 2 3 .8 2 2 . 0 2 0 .5 19 .2 1 8 .0
28 148 .3 9 8 .9 7 4 .2 5 9 .3 4 9 .4 4 2 .4 3 7 .1 3 3 .0 2 9 .7 2 7 .0  * 2 4 .7 2 2 . 8 21  .2 1 9 .8 18 .5
29 197 .4 118 .5 8 4 .6 6 5 .6 5 3 .9 4 5 .6 3 9 .5 3 4 .8 3 1 .2 2 8 .2 2 5 .8 2 3 .7 2 1 .9 2 0 .4 19.1
30 147 .8 9 8 .6 7 3 .9 59 .1 49-3 4 2 .2 3 7 .0 3 2 .9 2 9 .6 2 6 .9 2 4 .6 2 2 .7 2 1 . 1 19 .7
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T e m p , o  f  w a te r

W e i g h t  o f  C o n d e n s e r  W a t e r  C o r r e s p o n d i n g  t o  a  U n i t  W e i g h t  o f  W a t e r  E v a p o r a t e d  f r o m  J u i c e .

(F o r D oub le  E ffec ts .)

T e m p e ra tu re  o f w a te r  com ing  o u t  o f  condenser in  0 C.
going  in to  con
denser in  0 C. 3D 32. 34. 36. 38. 40 . 42. 44. 46. 48 . 50. 52. 54. 56. 58. 60.

5 13 .2 1 2 . 2 11 .3 1 0 . 6 1 0 . 0 9 .4 8 .9 8 .4 8 . 0 7 .6 7 .3 7 .0 6 .7 6 .5 6 . 2 6 . 0
6 13 .7 1 2 . 6 11 .7 1 0 .9 10.3 9 .7 9 .1 8 . 6 8 . 2 7 .8 7 .5 7 .2 6 .9 6 . 6 6 .3 6 . 1
7 14 .3 13.1 1 2 . 1 11 .3 1 0 . 6 9 .9 9 .4 8 .9 8 .4 8 . 0 7 .6 7 .3 7 .0 6 .7 6 .4 6 . 2
8 1 4 .9 1 3 .6 1 2 . 6 11.7 1 0 .9 1 0 . 2 9 .6 9 .1 8 . 6 8. 2 7 .8 7 .4 7 .1 6 . 8 6 . 6 6 .3
9 1 5 .6 1 4 .2 13.1 1 2 . 1 11 .3 1 0 .5 9 .9 9 .3 8 . 8 8 .4 8 . 0 7 .6 7 .3 7 .0 6 .7 6 .4  "

10 16 .3 14 .8 1 3 .6 12 .5 11 .7 1 0 .9 1 0 . 2 9 .6 9 .1 8 . 6 8! 2 7 .8 7 .4 7 .1 6 . 8 6 .5
11 17 .2 15 .5 14 .2 1 3 .0 1 2 . 1 11  .2 10 .5 9 .9 9 .3 8 . 8 8 .4 8. 0 7 .6 7 .2 6 .9 6 . 6
12 18.1 16 .3 1 4 .8 1 3 .5 12 .5 11  .6 1 0. 8 1 0 . 2 9 .6 9 .0 8 . 6 8 . 1 7 .7 7 .4 .7 .1 6 . 8  r
13 19.1 17.1 15 .5 14.1 13 .0 1 2 . 0 1 1 . 2 1 0 .5 9 .8 9 .3 8. 8 8 .3 7 .9 7 .6 7 .2 6 .9  ~
14 2 0 .3 1 8 .0 16 .2 14 .7 1 3 .5 12 .5 11  .6 1 0 . 8 1 0 . 1 9 .5 9 .0 8 .5 8 . 1 7 .7 7 .4 7.1
15 2 1 . 6 1 9 .0 17 .0 15.4 14.1 1 2 .9 1 2 . 0 11  .2 10.4 9 .8 9 .2 8 .7 8 .3 7 .9 7 .5 7 .2  "
16 2 3 .1 20 . 2 1 7 .9 16 .2 14 .7 13.5 1 2 .4 11 .5 10 .7 1 0 . 1 9 .5 9 .0 8 .5 8 . 1 7 .7 7 .3
17 2 4 .8 21 .5 1 9 .0 1 7 .0 15 .4 1 4 .0 12 .9 11 .9 1 1 . 1 1 0 .4 9 .8 9 .2 8 .7 8 .3 7 .9 7 .5
18 2 6 .8 2 3 .0 2 0 . 1 17 .9 16.1 1 4 .6 13 .4 12 .4 11 .5 10 .7 1 0 . 1 9 .5 8 .9 8 .5 8 . 1 7 .7
19 2 9 .1 2 4 .7 2 1 .4 18 .9 1 6 .9 15 .3 14 .0 1 2 .9 11 .9 1 1 . 1 1 0 .4 9 .7 9 .2 8 .7 8 . 2 7 .8
20 3 2 .1 2 6 .8 2 2 .9 2 0 . 1 1 7 .8 16.1 •14.6 1 3 .4 1 2 .3 1 1 .5 1 0 .7 1 0 . 0 9 .4 8 .9 8 .4 8. 0
21 3 5 .6 29 .1 2 4 .7 2 1 .4 18 .8 1 6 .9 1 5 .3 1 3 .9 1 2 . 8 1 1 .9 1 1 . 1 1 0 .3 9 .7 9 .2 8 .7 8. 2
22 4 0 .0 3 2 .0 2 6 .7 2 2 .9 2 0 . 0 1 7 .8 1 6 .0 14 .5 1 3 .3 1 2 .3 1 1 .4 10 .7 1 0 . 0 9 .4 8 .9 8 .4
23 4 5 .6 3 5 .5 2 9 .0 2 4 .6 21 .3 1 8 .8 16 .8 15 .2 13 .9 1 2 . 8 1 1 . 8 11 .0 10 .3 9 .7 9 .1 8 . 6
24 5 3 .2 39*. 9 31 .9 2 6 .6 2 2 . 8 1 9 .9 17.7 1 5 .9 1 4 .5 13 .3 1 2 . 2 11 .4 1 0 . 6 1 0 . 0 9 .4 8 .9
25 6 3 .7 4 5 .5 3 5 .4 2 8 .9 2 4 .5 2 1 . 2 18.7 1 6 .8 1 5 .2 13 .8 1 2 .7 11 .8 11 .0 10 .3 9 .6 9 .1
26 7 9 .5 5 3 .0 3 9 .7 3 1 .8 2 6 .5 2 2 .7 19 .9 17 .7 1 5 .9 1 4 .4 1 3 .2 1 2 . 2 11 .4 1 0 . 6 9 .9 9 .3
27 6 3 .5 4 5 .3 3 5 .1 2 8 .8 2 4 .4 2 1 . 2 18.7 16 .7 15.1 13 .8 12 .7 1 1 . 8 1 0 .9 1 0 . 2 9 .6
28 7 9 .2 5 2 .8 3 9 .6 3 1 .7 2 6 .4 2 2 . 6 1 9 .8 1 7 .6 1 5 .8 1 4 .4 13 .2 1 2 . 2 11 .3 1 0 . 6 9 .9
29 6 3 .3 4 4 .7 3 5 .0 2 8 .7 2 4 .3 2 1 . 1 18 .6 1 6 .6 1 5 . i 13 .7 1 2 . 6 11 .7 1 0 .9 1 0 . 2
30 7 8 .9 5 2 .6 3 9 .5 31 .6 2 6 .3 2 2 . 6 19 .7 1 7 .5 1 5 .8 14.3 13.1 1 2 . 1 11 .3 10 .5

T e m p , o f w a te r 
going  in to  con-

W e i g h t  o f  C o n d e n s e r  W a t e r  C o r r e s p o n d i n g  t o  a  U n i t  W e i g h t  o f  W a t e r  E v a p o r a t e d  f r o m  J u i c e .

(F or T rip le  E ffec t.)

T e m p e ra tu re  o f w a te r  com ing  o u t  o f co n d en ser in  °#C.

den ser in  9 C. 3 ? . 32. 3 4 . 36 . 38. 40. 42 . 44. 46. 48. 50. 52, 54. 56. 58. 60.
5 9 .1 8 .4 7 .9 7 .4 6 .5 6 .5 6 . 2 5 .8 5 .6 5 .3 4 .9 4 .9 4 .7 4 .5 4 .3 4 .2
6 9 .5 8 .7 8 , 1 7 .6 7 .1 6 .7 6 .3 6 . 0 5 .7 5 .4 5 .2 5 .0 4 .7 4 .6 4 .4 4 .2
7 9 .9 9 .1 8 .4 7 .8 7 .3 6 .9 6 .5 6 . 1 5 .8 5 .5 5 .3 5 .1 4 .8 4 .6 4 .5 4 .3
8 10 .3 9 .5 8 .7 8 . 1 7 .6 7 .1 6 .7 6 .3 6 , 0 5 .7 5 .4 5 .2 4 .9 4 .7 4 .5 4 .4
9 1 0 . 8 9 .9 9 .1 8 .4 7 .8 7 .3 6 .9 6 .5 6 . 1 5 .8 5 .5 5 .3 5 .0 4 .8 4 .6 4 .4

10 11 .3 10.3 9 .4 8 .7 8 . 1 7 .5 7 .1 6 .7 6 .3 6 . 0 5 .7 5 .4 5 .1 4 .9 4 .7 4 .5
11 11 .9 1 0. 8 9 .8 9 .0 8 .4 7 .8 7 .3 6 . 8 6 .5 6 . 1 5 .8 5 .5 5 .3 5 .0 4 .8 4 .6
12 12 .5 11 .3 1 0 . 2 9 .4 8 .7 S . l 7 .5 7 .0 6 . 6 6 .3 5 .9 5 .6 5 .4 5 .1 4 .9 4 .7
13 13 .2 1 1 . 8 10.7 9 .8 9 .0 8 .3 7 .8 7 .3 6 . 8 6 .4 6 . 1 5 .8 5-. 5 5 .2 5 .0 4 .8
14 1 4 .0 12.5 11 .2 1 0 . 2 9 .4 6 . 6 8 . 0 7 .5 7 .0 6 . 6 6 . 2 5 .9 5 .6 5 .4 5 .1 4 .9
15 1 5 .0 13.2 1 1 . 8 10 .7 9 .8 9 .0 8 .3 7 .7 7 .2 6 . 8 6 .4 6 . 1 5 .8 5 .5 5 .2 5 .0
16 16 .0 14 .0 1 2 .4 11  .2 1 0 . 2 9 .3 8 . 6 8 . 0 7 .5 7 .0 6 . 6 6 . 2 5 .9  [F 5 .6 5 .3 5 .1
17 17 .2 14 .9 1 3 .2 1 1 . 8 1 0 . 6 9 .7 8 .9 8 .3 7 .7 7 .2 6 . 8 6 .4 6 . 0 5 .7 5 .5 5 .2
18 1 8 .6 15 .9 14 .0 12 .4 11 .2 1 0 . 1 9 .3 8 . 6 8 . 0 7 .4 7 .0 6 . 6 6 . 2 5 .9 5 .6 5 .3
19 2 0 .3 17.1 1 4 .9 13.1 11.7 1 0 . 6 9 .7 8 .9 8 .3 7 .7 7 .2 6 . 8 6 .4 6 . 0 5 .7 5 .4

. 20 2 2 . 2 18 .5 1 5 .9 13 .9 12 .4 11  .1 1 0 . 1 9 .3 8 . 6 8 . 0 7 .4 7 .0 6 .5 6 . 2 5 .9 5 .6
21 2 4 .7 20. 2 17.1 14 .8 13.1 11 .7 1 0 . 6 9 .7 8 .9 8 . 2 7 .7 7 .2 6 .7 6 .4 6 . 0 5 .7
22 2 7 .7 2 2 . 2 18 .5 15 .8 1 3 .9 12 .3 11 .1 1 0 . 1 9 .2 8 .5 7 .9 7 .4 6 .9 6 .5 6 . 2 5 .8
23 3 1 .6 2 4 .6 2 0 . 1 1 7 .0 1 4 .8 13 .0 11.7 10 .5 9 .6 8 .9 8 . 2 7 .6 7 .2 6 .7 6 .3 6 . 0
24 3 6 .8 2 7 .6 2 2 . 1 18 .4 1 5 .8 1 3 .8 12 .3 1 1 . 1 1 0 . 1 9 .2 8 .5 7 .9 7 .4 6 .9 6 .5 6 . 1
25 4 4 .1 3 1 .5 2 4 .5 2 0 . 1 1 7 .0 14 .7 1 3 .0 1 1 . 6 10 .5 9 .6 8 . 8 8 . 2 7 .6 7 .1 6 .7 6 .3
26 5 5 .1 3 6 .7 2 7 .5 2 2 . 0 18.4 15 .7 13 .8 1 2 . 2 11 .0 1 0 . 0 9 .2 8 .5 7 .9 7 .4 6 .9 6 .5
27 7 3 .3 4 4 .0 31 .4 2 4 .4 2 0 . 0 1 6 .9 14.7 12 .9 11  .6 10 .5 9 .6 8 . 8 8 . 2 7 .6 7 .1 6 . 6
28 5 4 .9 3 6 .6 2 7 .4 2 2 . 0 18 .3 15 .7 13 .7 1 2 . 2 1 1 . 0 10. 0 9 .2 8 . 6 7 .9 7 .3 6 .9
29 4 3 .8 31 .3 2 4 .3 19 .9 16 .9 14 .6 1 2 .9 1 1 .5 10 .4 9 .5 8 . 8 8 . 1 7 .6 7 .1
30 5 4 .7 3 6 .5 2 7 .4 2 1 .9 18 .2 15 .6 13 .7 1 2 . 2 11  .0 1 0 . 0 9 .1 8 .4 7 .S 7 .3

he small dish is placed on the stove over the sheet of by fifty, since the water was evaporated to one-•fiftieth

it. The evaporation is continued until only about 
75 cc. remain— it-is not safe to go beyond this on ac
count of the risk of decomposing some of the sugar. 
The solution is then transferred to a 100 cc. sugar 
flask, about i cc. of lead subacetate solution and a 
little aluminum cream added, made up to n o  cc., 
filtered and polarized. The polarization of the solu
tion can be found from Schm itz’s table, taking the 
first reading on the left in the table. To find the 
polarization of the condenser water from this, divide

of its original volume.
For instance, suppose the polariscope reading were 

3.0, the ioo cc. of evaporated solution would then 
have a polarization of 0.85 and the original condenser 
water a polarization of 0.017.

In order to interpret this in pounds of sugar lost 
in condenser water per day, it is only necessary to 
know the weight of condenser water. This can be 
calculated from the volume measured with a weir, 
or it can be found in terms of the weight of juice by 
taking the temperature of the water going in and
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T em p, o f w a te r

• W e i g h t  o f  C o n d e n s e r  W a t e r  C o r r e s p o n d i n g  t o  a  U n i t  W e i g h t  o f  W a t e r  E v a p o r a t e d  f r o m  J u i c e .

(F o r Q u ad ru p le  E ffec ts .)

T e m p e ra tu re  o f w a te r  com ing  o u t  o f condenser in  0 C.
in io  con- 
:r in  0 C. 30 . 32 . 34. 36 . 38 . 40 . 42. 44. 46. 48. 50. 52. 54. 56 . 58. 60.

5 7 .0 6 .5 6 . 0 5 .6 5 .3 5 .0 4 .7 4 .5 4 .3 4 .1 3 .9 3 .7 3 .6 3 .4 3 .3 3 .2

6 7 .3 6 .7 6 . 2 5 .8 5 .5 5 .1 4 .9 4 .6 4 .4 4 .2 4 .0 3 .8 3 .6 3 .5 3 .4 3 .2

7 7 .6 7 .0 6 .5 6 . 0 5 .6 5 .3 5 .0 4 .7 4 .5 4 .3 4 .1 3 .9 3 .7 3 .6 3 .4 3 .3

8 7 .9 7 .3 6 .7 6 . 2 5 .8 5 .4 5 .1 4 .8 4 .6 4 .4 4 . 1 4 .0 3 .8 3 .6 3 .5 3 .3

9 8 .3 7 .6 7 .0 6 .4 6 . 0 5 .6 5 .3 5 .0 4 .7 4 .5 4 .2 4 .0 3 .9 3 .7 3 .6 3 .4

10 8 .7 7 .9 7 .2 6 .7 6 . 2 5 .8 5 .4 5 .1 4 .8 4 .6 4 .3 4 .1 3 .9 3 .8 3 .6 3 .5

11 9 .1 8 .3 7 .5 6 .9 6 .4 6 . 0 5 .6 5 .3 5 .0 4 .7 4 .4 4 .2 4 .0 3 .9 3 .7 3 .5

12 9 .3 8 .7 7 .9 7 .2 6 .7 6 . 2 5 .8 5 .4 5 .1 4 .8 4 .6 4 .3 4 .1 3 .9 3 .8 3 .6

13 1 0 . 2 9 .1 8 . 2 7 .5 6 .9 6 .4 6 . 0 5 .6 5 .2 4 .9 4 .7 4 .4 4 .2 4 .0 3 .8 3 .7

14 1 0. 8 9 .6 8 . 6 7 .8 7 .2 6 . 6 6 . 2 5 .7 5 .4 5 .1 4 .8 4 .5 4 .3 4 .1 3 .9 3 .7

15 11 .5 1 0 . 1 9 .1 8 . 2 7 .5 6 .9 6 .4 5 .9 5 .6 5 .2 4 .9 4 .7 4 .4 4 .2 4 .0 3 .8

16 12 .3 10 .7 9 .6 8 . 6 7 .8 7 .2 6 . 6 6 . 1 5 .7 5 .4 5 .1 4 .8 4 .5 4 .3 4 .1 3 .9

17 13.2 1 1 .4 1 0 . 1 9 .0 8. 2 7 .5 6 .9 6 .4 5 .9 5 .5 5 .2 4 .9 4 .6 4 .4 4 .2 4 .0

IS 14.3 1 2 . 2 10 .7 9 .5 8 . 6 7 .8 7 .1 6 . 6 6 ! l 5 .7 5 .4 5 .0 4 .8 4 .5 4 .3 4 .1

19 15 .6 13 .2 11 .4 1 0 . 1 9 .0 8 . 1 7 .4 6 . 8 6 .3 5 .9 5 .5 5 .2 4 .9 4 .6 4 .4 4 .2

20 17.1 14 .2 1 2 . 2 10 .7 9 .5 8 .5 7 .8 7 .1 6 . 6 6 . 1 5 .7 5 .3 5 .0 4 .7 4 .5 4 .3

21 1 8 .9 15 .5 13.1 11 .4 1 0. 0 9 .0 8 . 1 7 .4 6 . 8 6 .3 5 .9 5 .5 5 .2 4 .9 4 .6 4 .4

22 21 .3 1 7 .0 14.2 1 2 . 2 1 0 . 6 9 .5 8 .5 7 .7 7 .1 6 .5 6 . 1 5 .7 5 .3 5 .0 4 .7 4 .5

23 2 4 .3 1 8 .9 15 .4 13.1 11 .3 10. 0 8 .9 8 . 1 7 .4 6 . 8 6 .3 5 .9 5 .5 5 .1 4 .9 4 .6

24 2 8 .3 2 1 . 2 1 7 .0 1 4 .1 1 2 . 1 1 0 . 6 9 .4 8 .5 7 .7 7 .1 6 .5 6 . 1 5 .7 5 .3 5 .0 4 .7

25 3 3 .9 2 4 .2 1 8 .8 15 .4 1 3 .0 11  .3 10 . 0 8 .9 8 . 1 7 .4 6 . 8 6 .3 5 .8 5 .5 5 .1 4 .8

26 4 2 .3 2 8 .2 21  .1 16 .9 14. L 1 2 . 1 1 0 . 6 9 .4 8 .5 7 .7 7 .0 6 .5 6 . 0 5 .6 5 .3 5 .0

27 5 6 .3 3 3 .8 24 .1 18 .7 15.3 13 .0 11.3 9 .9 8 .9 8 . 0 7 .3 6 . 8 6 .3 5 .8 5 .4 5 .1

28 4 2 .2 28 .1 2 1 . 1 16 .9 14 .0 1 2 . 0 10 .5 9 .4 8 .4 7 .7 7 .0 6 .5 6 . 0 5 .6 5 .3

29 3 3 .6 2 4 .0 1 8 .6 15.3 12 .9 1 1 . 2 9 .9 8 .9 8 . 0 7 .3 6 .7 6 . 2 5 .8 5 .4

30 4 2 .0 2 8 .0 2 1 . 0 16 .8 1 4 .0 1 2 . 0 10 .5 9 .3 8 .4 7 .6 7 .0 6 .5 6 . 0 5 .6

T e m p , o f w a te r, 
going  in to  co n 

denser in  0 C.

5
6

9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25 
2 6 '
27
28
29
30

W e i g h t  o p  C o n d e n s e r  W a t e r  C o r r e s p o n d i n g  t o  a  U n i t  W e i g h t  o f  W a t e r  E v a p o r a t e d  f r o m  J u i c e .

(F o r Q u in tu p le  E ffec ts .)
T e m p e ra tu re  o f w a te r  com ing  o u t of condenser in  0 C.

30 . 32 . 34 . 36 . 38 . 40. 42. 44 . 46. 48. 50. 52. 54. 56. 58. 60.

5 .8 5 .4 5 .0 4 .7 4 .4 4 .1 3 .9 3 .7 3 .5 3 .4 3 .2 3 .1 3 .0 2 . 8 2 .7 2 . 6

6 . 0 5 .6 5 .2 4 .8 4 .5 •4 .3 4 .0 3 .8 3 .6 3 .4 3 .3 3 .1 3 .0 2 .9 2 . 8 2 .7

6 .3 5 .8 5 .3 5 .0 4 .7 4 .4 4 .1 3 .9 3 .7 3 .5 3 .4 3 .2 3 .1 3 .0 2 . 8 2 .7

6 . 6 6 . 0 5 .5 5 .1 4 .8 4 .5 4 .2 4 .0 3 .8 3 .6 3 .4 3 .3 3 .1 3 .0 2 .9 2 . 8

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

7 .2 6 .5 6 . 0 5 .5 5 .1 4 .8 4 .5 4 .2 4 .0 3 .8 3 .6 3 .4 3 .3 3 .1 3 .0 2 .9

7 .5 6 . 8 6 . 2 5 .7 5 .3 4 .9 4 .6 4 .3 4 .1 3 .9 3 .7 3 .5 3 .3 3 .2 3 .1 2 .9

8 . 0 7 .2 6 .5 6 . 0 5 .5 5 .1 4 .8 4 .5 4 .2 4 .0 3 .8 3 .6 3 .4 3 .3 3 .1 3 .0

8 .4 7 .5 6 . 8 6 . 2 5 .7 5 .3 4 .9 4 .6 4 .3 4 .1 3 .9 3 .7 3 .5 3 .3 3 .2 3 .0

8 .9 7 .9 7 .1 6 .5 5 .9 5 .5 5 .1 4 .8 4 .5 4 .2 4 .0 3 .8 3 .6 3 .4 3 .2 3 . 1

9 .5 8 .4 7 .5 6 . 8 6 . 2 5 .7 5 .3 4 .9 4 .6 4 .3 4 .1 3 .9 3 .7 3 .5 3 .3 3 .2

1 0. 2 8 .9 7 .9 7 .1 6 .5 5 .9 5 .5 5 .1 4 .7 4 .4 4 .2 4 .0 3 .7 3 .6 3 .4 3 .2

1 0 .9 9 .5 8 .4 7 .5 6 . 8 6 . 2 5 .7 5 .3 4 .9 4 .6 4 .3 4 .1 3 .8 3 .6 3 .5 3 .3

11 .8 1 0 . 1 8 .9 7 .9 7 .1 6 .4 5 .9 5 .5 5 .1 4 .7 4 .4 4 .2 3 .9 3 .7 3 .5 3 .4

1 2 .9 10 .9 9 .4 8 .3 7 .5 6 .7 6 . 2 5 .7  • 5 .2 4 .9 4 .6 4 .3 4 .0 3 .8 3 .6 3 .5

14.1 1 1 . 8 1 0 . 1 8 . 8 7 .9 7 .1 6 .4 5 .9 5 .4 5 .0 4 .7 4 .4 4 .2 3 .9 3 .7 3 .5

15.7 1 2 . 8 10 .9 9 .4 8 .3 7 .4 6 .7 6 . 1 5 .6 5 .2 4 .9 4 .6 4 .3 4 .0 3 .8 3 .6

17 .6 14.1 11 .7 1 0 . 1 8 . 8 7 .8 7 .0 6 .4 5 .9 5 .4 5 .0 4 .7 4 .4 4 .1 3 .9 3 .7

2 0 . 1 1 5 .6 1 2 . 8 10. 8 9 .4 8 .3 7 .4 6 .7 6 . 1 5 .6 5 .2 4 .8 4 .5 4 .3 4 .0 3 .8

2 3 .4 17.5 1 4 .0 11 .7 1 0 . 0 8 . 8 7 .8 7 .0 6 .4 5 .8 5 .4 5 .0 4 .7 4 .4 4 .1 3 .9

2 8 .0 2 0 . 0 1 5 .6 12 .7 1 0 . 8 9 .3 8. 2 7 .4 6 .7 6 . 1 5 .6 5 .2 4 .8 4 .5 4 .2 4 .0

3 5 .0 2 3 .3 17 .5 1 4 .0 11 .7 10 . 0 8 .7 7 .8 7 .0 6 .4 5 .8 5 .4 5 .0 4 .7 4 .4 4 .1

4 6 .6 2 7 .9 20. 0 15 .5 12.7 10.7 9 .3 8 . 2 7 .4 6 .7 6 . 1 5 .6 5 .2 4 .8 4 .5 4 .2

3 4 .9 2 3 .2 17 .4 13 .9 1 1 . 6 1 0 . 0 8 .7 7 .7 7 .0 6 .3 5 .8 5 .4 5 .0 4 .6 4 .4

2 7 .8 1 9 .9 15.4 12.7 10.7 9 .3 8. 2 7 .3 6 . 6 6 . 1 5 .6 5 .2 4 .8 4 .5

3 4 .7 2 3 .2 17.4 1 3 .9 11 .6 9 .9 8 .7 7 .7 6 .9 6 .3 5 .8 5 .3 5 .0 4 .6

coming out of the condenser with a centigrade ther
mometer, and referring to the accompanying tables, 
which give the weight of condenser water correspond
ing to unit weight of water evaporated from the 
juice. And this number multiplied b y  the percentage 
evaporation, calculated from the formula 

Per cent, evaporation (by weight) =
Brix of Evaporated Juice— Brix of Thin Juice, 

Brix of Evaporated Juice 

gives the weight of condenser water corresponding 
to unit weight of juice entering evaporator.1 This

1 F o r  co n T tn in ce  th is  m a y  b e  ta k e n  to  b e  eq u a l to  th e  w eig h t of diffusion  
ju ice  or m ix e d  ju ice , w h ich  is  u s u a lly  kn ow n .

result, multiplied by the weight of mixed juice or 
diffusion juice for twenty-four hours, gives the weight 
of condenser water per day, from which the weight of 
sugar in the condenser water for one day can be cal
culated directly, by m ultiplying by its polarization 
as found above. For example, with a triple effect, 
suppose we have:

T e m p e ra tu re  o f w a te r going  in to  co n d en ser..............  2 0 9 C.
T e m p e ra tu re  of w a te r  com ing  o u t o f c o n d e n se r . . .  42 0 C.
B rix  of clarified  o r th in  ju ic e ............................................ 14 .7
B rix  of s y ru p  o r th ic k  ju ic e ..............................................  6 2 .0
W e ig h t o f m ix ed  ju ice  o r diffusion ju ice  in  one d ay . 500 to n s

Using these figures, we find from the table that 
there are io . i pounds of condenser water for each
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pound of water evaporated from the juice. The 
evaporation calculated from the formula is 76.3 
per cent. W e therefore have 10.1 X 0.763 = 7 .7  
pounds of condenser for each pound of juice. And 
since the diffusion, or mixed juice weighs x,000,000 
pounds, the condenser water will weigh 1,000,000 X 
7-7  =  7,700,000. pounds and contain 7,700,000 X 
0.00017 =  1309 pounds of sugar per day.

The tables were calculated from the formulas1

(I) W 0 =  T f p Z p J  , (II) W„ =  (W0 +  I)E, 
k  ta

in which
W 0 =  weight of injection water going into condenser; 
W 4 =  weight of water coming out of condenser; 
w =  weight of vapor from last body; 
c =  total heat of unit weight of vapor from last 

body, in calories; 
ta — temperature in °C . of injection water going 

into condenser; 
tb — temperature in 0 C. of water coming out of 

condenser ;
E  =  average per cent, evaporation in last body.

In calculating the tables the factor c is taken equal 
to 621.3, which is the total heat of unit weight of 
steam under a vacuum of 25 inches. The correspond
ing factors at other pressures are:

In ch es . Calories.
22 6 2 5 .9
23 62 4 .4
24 623 .1
26 61 9 .5
27 616 .*8
28 6 1 3 .4

For the factor E  the following numbers were used 
in the calculations:

Single e ffec t................... ....................................  1 .0 0 0
D ouble  e ffec t......................................................  0 .5 3 4
T rip le  e ffec t......................................................... 0 .3 7 0
Q u ad ru p le  e ffec t................................................ 0 .2 8 4
Q u in tu p le  e ffec t................................................  0 .2 3 5

E x p e r i m e n t  S t a t i o n .
H a w a i i a n  S u g a r  P l a n t e r s ’ A s s o c i a t i o n ,

H o n o l u l u . T . 11.

AN ACCURATE METHOD FOR CALORIMETRIC 
DETERMINATIONS ON ANTHRACITE COAL.

B y O s c a r  W . P a l m e n b e r g .

R eceived  J u ly  9. 1910.

A s I have been called upon during the past year 
to make a considerable number of calorimetric de
terminations on anthracite coals and using an At- 
water-Mahler calorimeter in all m y work, it was neces
sary to find some convenient, reliable and accurate 
method to burn these coals, as it is a well-known fact 
that anthracite coals do not burn readily in the oxy
gen bomb calorimeter. No m atter how finely the 
coal is pulverized, it is very seldom that a complete 
combustion can be obtained, and although I have 
been able to make duplicate tests which agreed very

1 F o r  a  d iscussion  of fo rm u la  I  see E . H a u sb ra n d , "E v a p o ra tin g , 
C ondensing  a n d  Cooling A ppara tu s,* ’ p . 212.

well, in m any cases, the calorimetric determinations 
were low and it would be necessary to filter the bomb 
washings and bum  the residue in a Gooch crucible 
and from this loss in weight correct for the unbumed 
coal. Such a method is not alone inaccurate, but re
quires too much time where m any tests a day are to 
be run. The combustion in the bomb became less 
complete the greater the ash content. It  occurred 
to me that the coal would have to be mixed with 
some material that would assist combustion and 
burn up this small amount of coal which was invaria
bly left in the bomb washings. I first tried to make 
a pellet by mixing pulverized cane sugar with the coal 
and succeeded in getting rather concordant results 
this w ay from a m ixture of i gram of sugar and 0 .5  
gram coal, bpt this method had its fault and was not 
very satisfactory.

N ext I tried to enclose the coal (about 0.5 gram) 
in a gelatine capsule, but never succeeded in obtain
ing complete combustion; at least not with very high 
ash coals; and besides, gelatine being so hygroscopic, 
errors would occur in the weighings.

The only satisfactory and simple method I have 
found which gives absolutely complete combustion is 
to weigh out 0.2 gram of semi-bituminous coal of 
about 14300 to 14500 B. t. u. in a shallow nickel cap
sule (1 in. x  3/8 in.) which fits in the supports in the 
bomb conveniently, and after spreading this soft coal 
evenly over the bottom of the capsule, weigh on top 
of this o . 8 gram of the anthracite coal, pulverized 
to pass a 100 mesh. A  little more or less in weight 
of either coal does not affect the result, so long as the 
quantity taken has been accurately weighed. This 
weighing can be done in a very short time and there 
is nothing more to do but to have the wire touch the 
coal, whereupon the combustion will be complete and 
tests can be made as accurately as on any soft coal.

It  is only necessary to know the calorific content 
and the amount of sulphur in the kindler (soft coal) 
burned, whereupon the correction for these is ap
plied very conveniently. I keep a four-ounce bottle 
of stock coal which has been passed through a 60- 
mesh sieve and thoroughly mixed and from this 
draw a small specimen tube full, which tube full will 
last for about 50 determinations.

M y stock bottle of coal was put up June 4, 1909, 
and calorimetric tests were made from time to time 
to make sure of the corrections and the following 
results were obtained:

T e s t on
coal as  b u rn e d . D ry  b as is . D a te  o f te s t .

7942 C alories 14338 B . t. u . J u n e  4. 1909
7952 C alories 14349 B . t. u . J u n e  18. 1909
7954 C alories 14359 B . t. u . A ug. *3, 1909
7936 C alories 14332 B . t .  u . F eb . 5, 1910
7920 Calories 14300 B . t .  u . F eb . 16, 1910
7899 C alories 14260 B . t. u . M ar. 26 . 1910
7915 C alories 14283 B . t. u . A pr. 20. 1910
7927 C alories (used  1 /2  g ram  coal) 14297 B . t. u . A pr. 26. 1910
7923 Calories (used  1 g ram  coal) 14298 B . t. u . A pr. 26, 1910
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There seems to be a gradual decrease in the thermal 
content of the coal, due probably to oxidation, but 
on the whole very little change has taken place and 
not enough to make any appreciable error in the 
determination when running the anthracite. The 
variations in the above results are probably due, in 
part, to the fact that the moisture determination 
was not made with each new calorific determination. 
Thus the first four B. t. u. figures were calculated 
from the calorific test, using the moisture content of 
the first test and as the coal lost in moisture the calcu
lation would be too high. This accounts for the ap
parent increase in the thermal value. On the other 
five tests the moisture was determined in every case.

__ B. t. u.— Sulphur X 4050
“  1.— (Ash +  S) 

for dry coal, and gives a very good line on the accuracy 
of the work where many tests are run on a coal com
ing from the same region. The factor in this case 
averages 14690, and from this it is plainly seen that 
the results are consistent. These two charts are 
practically identical, and one line would cover the 
other if placed over one another.

There are a few irregularities, but nothing out of 
the ordinary general run of work. In this case all 
the results were taken as obtained, not being picked 
with the intention of giving a symmetrical chart, 
and in this w ay the consistency of the work and

When using the coal for combustion with the an
thracite, the calorific content of the coal as drawn 
from the tube only need be known. To show how 
reliable calorific tests run by this method are, when 
burning an athracite in a calorimeter of the Berthelot- 
Mahler type, I arranged all m y results on two sets 
of tests made on the same coal delivered to different 
places of consumption, in consecutive order from 
the lowest to the highest ash content and placed these
B. t. u. figures corresponding to the ash in each sam
ple on cross-section paper. The accompanying charts 
bring out this fact very plainly. The low er, line 
represents the calorimetric test and the upper line 
the “ Pure C oal”  factor. This pure coal factor is 
obtained bv Lord and H aas’ formula,

method can be proven. The results were all taken 
from the general run of tests, and time did not permit 
to run tests over unless there was some striking error. 
The coal on which all these determinations were made 
was No. 1 buckwheat size and came from the Lehigh 
locality; it was shipped in 8oo-ton lighters to the con
sumer and the samples were taken autom atically 
from the weighing hopper.

A fter titrating the bomb washings and acidifying, 
boiling and filtering, the residual ash from the solu
tion was dried on the paper, brushed on to a watch glass 
and examined under the microscope, and in very few 
cases was there any unburned coal to be found, and 
if present the amount was too small to have any ap
preciable effect upon the test.
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The sulphur tests were all made from the bomb 
washings.

Following are a few duplicate tests run on different 
samples of anthracite coal. On some a second test 
was made because the first appeared suspicious and 
on others a duplicate was run to test the reliability 
of the method. These results show very plainly how

of particular interest, as they show how close results 
will run when all conditions are alike.

A ll tests were run in the Atwater-Mahler bomb 
calorimeter platinum-lined, and the hydrothermal 
equivalent was determined with cane sugar as ob
tained from the Bureau of Standards, Washington, 
D. C., using a Fuess thermometer which was stand-

satisfactorily the coal can be burned by using the small 
amount of soft coal to assist combustion:

R ep . N o. A sh. S. B . t .  u . R em ark s .

32S 2 6 .5 8 0. 6 8 10494
10523

Som e u n b u rn c d  coal in  w ashings 
2 n d  te s t

330 2 0 .1 9 0 .7 2 11680
11761 C oal rcp u lv erized

333 14 .36 0 .6 0 12502
12460 2n d  te s t

438 14 .29 0 .5 4 12506
12554 2 nd  te s t

440 2 5 .2 0 0 .4 4 10890
10895 2n d  te s t

442 2 0 .2 6 0 .7 0 11626
11601 2 n d  te s t

444 2 3 .6 2 0 .4 3 11085
11088 2n d  te s t

462 15.22 0 .6 7 12506
12533 2n d  te s t

399 2 1 .1 9 0 .4 9 11465 P
2 1 .2 6 0 .4 9 11439 J

400 2 1 .6 7 0 .4 9 11430
11432

P
J

494 8 .9 9 0 .6 0 13655
13636
13645

p  M ean *=» 13645

J

ardized at the Physikalisch-Technische-Reichsanstalt, 
Germany, and the radiation correction obtained by 
the Regnault-Pfaundler formula.

M y object in bringing this paper before those who 
m ay be interested in coal analyses is m ainly to sug
gest this method to those who m ay have to test hard 
coals from time to time, and give them an entirely 
reliable method so that determinations can be ob
tained when made by different operators, which will 
agree within reason, as I have too often heard of the 
direct combustion test being run and correct deter
minations claimed by the operator. In jny expe
rience I have never succeeded in burning anthracite 
coals completely without the aid of a kindler in an 
oxygen bomb calorimeter.

On samples Nos. 399,400 and 494 the tests were 
made b y  another chemist, using this method, and also 
b y  myself, as indicated b y  the letter P  for mine and 
J for the other operator. These last three tests are

THE EFFECT OF VARYING AMOUNTS OF LITH
ARGE IN THE FIRE ASSAY FOR SILVER.

B y  K e n n e t h  W i l l i a m s .

R ece iv ed  A u g u st 1, 1910.

The effect of varying amounts of litharge in the 
fluxes used in the fire-assay of ores for silver was
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brought to m y attention during several months of 
work as assayer at the Tintic Smelter.

During that time we had considerable trouble in 
checking with the mine assayer in our assays for 
silver.

The ores on which varying results were obtained 
were oxidized lead ores, containing from forty to 
sixty  per cent, of silica, about five per cent, of iron 
and two per cent, of lime, from fifteen to forty per 
cent, of lead, from twenty to eighty ounces of silver, 
never more than two per cent, of zinc, about one 
per cent, of sulphur, and only a trace of copper.

The regular (stock) flux used on these ores was 
made up as follows:

Lbs.
L ith a rg e ...................................................................... 1 2 .0
B o rax  g la ss ............................................................  2 .0
F lo u r .........................................................................  1 .1
S o d iu m  b ic a rb o n a te ..............................................  1 2 .0
P o ta ss iu m  c a rb o n a te ............................................  1 2 .0

Ab'out eighty grams of the above flux were charged 
with a half-assay ton of ore. The assay was made by 
fusion in a twenty-gram crucible, using a cover of 
powdered borax glass. A  lead button weighing from 
twenty-one to twenty-four grams was thus obtained.

To minimize volatilization losses these buttons were 
cupelled, as far as possible, separately from buttons 
obtained from fusions of ores containing copper and 
zinc, on account of the fact that the former required 
a lower temperature of cupellation, particularly at 
the blicking point.

Three, and sometimes four, rows of cupels were 
charged at one time, an extra row of em pty cupels being 
placed in front to prevent rapid temperature changes. 
E m pty crucibles were used in the back of the muffle 
to regulate the heat.

The silver values which we obtained were almost 
invariably higher than those obtained by the mine 
assayer and, in case of dispute, very commonly higher 
than those of the umpire. This variation sometimes 
amounted to as much as an ounce, the splitting limit 
for settlement being five-tenths of an ounce.

The lower results obtained by the second and third 
parties I attribute to two causes:

(1) Higher temperature of cupellation.
(2) Excessive amounts of litharge in the fluxes.

W ith regard to temperature of cupellation, I un
derstand that it is rather common practice in some 
assay offices, in running control and umpire work, 
to cupel in single rows. In so doing the cupels often 
show much heavier “ feathers”  on one side than on 
the other— evidence that the temperature was higher 
than necessary.

Moreover, if buttons of the character described 
be cupelled with buttons containing copper, the latter 
will require a higher cupelling temperature, involv
ing a correspondingly greater volatilization loss in 
the former.

With regard to excessive use of litharge, I made 
up two other fluxes, similar to our own stock flux, 
but containing, in the first case (A) about fifty grams 
of litharge, and in the second case (B) seventy-five 
grams of litharge per half-assay ton charge.

Three ores were assayed using these different fluxes, 
care being taken to cupel buttons from different 
fluxes in the same muffle, so that the temperature of 
cupellation should be as nearly as possible the same 
in each case.

The average of results obtained were as follows:
R eg u la r flux . F lu x  A . F lu x  B .

O re N o. 1 .........   5 1 .0 5  5 0 .8 6  5 0 .6 2
O re N o. 2 ......................................  4 2 .3 6  4 2 .2 0  4 2 .0 2
O re N o. 3 ......................................  2 7 .8 2  2 7 .7 0  2 7 .5 5

The figures given are ounces of silver per ton of 
ore.

The use of litharge in excess of the amount neces
sary to bring down a lead button of proper size on 
such ores as the above is, of course, unnecessary, but 
such practice I find is not uncommon, especially where 
a regular stock flux is used, containing an excess of 
litharge, the function of which is, as a “ cleanser,”  to 
throw any copper or other impurities into the slag.

U n i v e r s i t y  o f  U t a h .

RAPID ESTIMATION OF AVAILABLE CALCIUM  
OXIDE IN LIME USED IN CYANIDE WORK.

B y  L .  W .  B a h n e y .

R eceived  A u g u st 2, 1910.

Lime is the alkali that is almost universally added 
to the solutions in the cyanide process of gold and 
silver extraction for maintaining the so-called protect
ive alkalinity.

The value of lime for this purpose depends upon the 
percentage of calcium oxid which it contains, and 
three factors determine this.

First, purity of the limestone.
Second, degree of burning temperature and time.
Third, length of time it m ay have been stored 

and whether it has been damp or dry during this 
period of storage.

These three factors combine to make the quality 
of lime which is bought in the open m arket rather 
uncertain.

While lime bought in the United States from a 
reliable firm, which thoroughly burns a pure limesto'ne 
and delivers at once to the consumer from the kilns, 
m ay be of a fairly high and uniform composition, 
yet in Mexico and Central America, where it is pur
chased from m any small producers who often have 
a poor grade of limestone to start with, and whose 
kilns are small and crude arid who use as little fuel 
as possible, the quality of the lime is quite variable.

The determination of calcium by the gravimetric 
method, with the necessity of also determining the 
proportion of carbon dioxide, silica and iron, requires
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too much time, and is usually out of the question for 
the isolated plant without the necessary apparatus 
and the services of a skilled chemist.

The calculating of all the calcium found to calcium 
oxid, although sometimes done, is manifestly very 
inaccurate.

Several methods1 of titrating by means of a stand
ard acid have been described and no doubt give good 
results, which are sufficiently accurate for a technical 
method, and the objections to these are that they 
involve the preparation of a standard solution of 
some acid, usually N /10  HC1, which cannot be weighed 
out but must be standardized with some other stand
ard solution. The idea suggested itself of using the 
solution which is employed in determining the alka
linity of the cyanide solutions.

Solutions of the following acids have been used 
by different operators for this purpose: sulphuric, 
nitric, hydrochloric and oxalic. Oxalic acid is per
haps the best for this purpose because a standard 
solution can be prepared by weighing the solid acid 
and dissolving it in water.

W hile this method of standardization is open to 
the objection that the hydration of the acid may 
v a r y ' somewhat, yet it yields a solution sufficiently 
accurate for technical work, and so far as I am aware, 
the use of oxalic acid for this purpose has not been 
suggested.

Pure calcium oxid was prepared b y  selecting pure 
white crystals of calcite, grinding fine in an agate 
mortar and igniting in a platinum crucible over a 
strong blast until constant weight resulted.

This oxid was cooled in a desiccator, then ground 
in an agate mortar to pass 200 mesh, and the calcium 
oxid determined gravim etrically; the result was 99.98 
per cent, against a theoretical 100 per cent.

This calcium oxid was then used as a standard 
throughout the succeeding tests.

Similar weighed portions were titrated with deci- 
normal H C1 and oxalic acid, using phenolphthalein 
as indicator, and where 44.2 cc. of HC1 were required, 
44 .6 <cc. oxalic acid completed the reaction. The 
solution of the oxalic acid used in the subsequent ex
periments was made by dissolving 14.6068 grams in 
enough distilled water to make a liter. The first ex
periments were made upon small amounts of 140 
mg., to which was added 100 cc. of water before 
titration, the idea being to have just enough lime 
present to be theoretically soluble in that amount of 
water.

As this is a rather small am ount'to handle and the 
method given in Treadwell and H all,2 of weighing out 
14.000 grams, making 1000 cc. of emulsion, remov- 
ng 100 cc., again diluting to 1000 cc., and removing 
100 cc. for titration, did not give results which

1 S u t to n 's  " V o lu m e tric  A na ly sis ."  " Q u a n ti ta t iv e  A nalysis .”  Vol. I I ,  
T re ad w e ll a n d  H all. T rans. M et. Sot;. S .  A frica .

2 Vol. I I .  p. 453.

checked upon low-grade limes and is open to the ob
jection of extra manipulation, larger amounts were 
tried and were introduced directly into the flask in 
which the determination was to be carried out.

The weight of lime to be taken was calculated so 
that each cubic centimeter of oxalic acid solution 
should represent 1 per cent, of calcium oxid :

L im e : L im e  : : O xalic  : O xalic
5 6 .0 9  x  126 .048  1 .46068

x  eq u a ls  650

This weight in milligrams (650) was then used in 
all the tests, and the following table will show results 
which are satisfactory for a technical method.

The titrations were made in the cold by introducing 
650 mg. of the sample into a 300 cc. Erlenmeyer 
flask containing 50 cc. of distilled water, using phenol
phthalein as indicator.

:ium  ca rb o n a te , 
c c n t. p re sen t. C alcium  ox ide .

C alcium  ox ide . 
P er ce n t, found .

95 5 5 .2
90 10 10 .3
S5 15 15 .3
80 20 2 0 .5
75 25 2 5 .0
70 30 3 0 .2
65 35 3 5 .0
60 40 4 0 .0
55 45 4 5 .0
50 50 4 9 .8
45 55 5 4 .5
40 60 5 9 .9
35 65 6 4 .8
30 70 6 9 .6
25 75 7 4 .5
20 80 7 9 .2
15 85 8 4 .8
10 90 9 0 .0
5 95 9 4 .7
0 100 1 00. 0

This series indicates that calcium oxid, in the pres
ence of calcium carbonate, can be determined by this 
method within a fair degree of accuracy.

Silica, which is present in most limes, does not in
terfere. *

Magnesia, which is also present in most limes, in 
greater or lesser amount, is very slightly soluble in 
water and shows a faint reaction with the indicator, 
but it is of no value as an alkali in cyanide work and 
should not be shown in a determination of the avail
able alkali in lime to be used for this purpose.

Fortunately the point where the alkalinity due to 
CaO stops is readily recognized after a little prac
tice, for the color is a vivid  pink while that of MgO 
is faint, and the color in the titration of MgO disap
pears with the addition of only one- or two-tenths 
of a cubic centimeter of the oxalic acid solution, 
and the color returns very slowly and feebly while 
that of lime is rapid and sharp.

This is illustrated by the fact that a titration of 
pure CaO required only 5 minutes while the same 
amount of MgO required three and one-half hours.

In order to test the method in the presence of mag
nesia, two samples of limestone containing magnesia 
were ground to 200 mesh and titrated (after ignition
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in platinum crucibles to constant weight). The CaO 
was determined b y  the gravimetric method in each 
sample, there was 110 silica present and no more than 
a trace of iron, with these results:

C alcium  o x id  
CaO p re sen t found  b y  th e

b y  g rav im e tric  oxalic  ac id
m e thod . m e thod .

P e r  cen t. P e r  cen t.

Oxalic acid, 14.6068 grams of pure crystals dis
solved in enough water to make a liter.

Phenolphthalein 0.5 gram dissolved in a m ixture 
of 50 cc. alcohol and 50 cc. water.

S am ple  N o. 1 .................................  5 7 .6
S am ple  N o. 2 .................................  5 0 .4

5 7 .6  
5 1 . 0

S t a n f o r d  U n i v ., 
C a l i f o r n i a .

This indicates that the magnesia does not interfere. 
Its presence and approximate amount can be judged 
by the behavior of the titration and quite accurately 
by continuing the titration if one can spare the time 
needed.

Iron oxid is sometimes present in impure limes 
in considerable amount and it obscures or masks the 
color of the indicator, but if the precipitate be allowed 
to subside the titration m ay be carried out to within 
i per cent, of the correct result.

If it is desirable to determine the amount of car
bonate present in an imperfectly burned lime it m ay 
be carried on as follow s:

A fter grinding the sample to pass 200 mesh weigh 
out 650 mg. and make the titration in the usual 
manner; call this result i-available calcium oxid.

Now ignite some of the finely ground sample in a 
muffle or over a blast and make another determina
tion, using 650 mg., calling this result No. 2.

Subtract 1 from 2 and divide by 1.78.

Method of Procedure.— The sample must be ground 
to pass through a 200-mesh screen. Into a 300 cc. 
Erlenmeyer flask place 50 cc. of distilled water, then 
add the 650 mg. of the finely ground sample, stopper 
the flask and shake vigorously for 10 seconds, add 
two drops of solution of phenolphthalein and then 
run in the standard solution of oxalic acid until the 
pink color is discharged, then place in the stopper 
and shake again.

When the color returns, if it is lime, it will be a 
bright vivid  pink, and the addition of perhaps one- 
half cc. will be necessary to discharge this color, but 
if the flask is again shaken and the color returns 
slowly and is a faint, weak pink this is the end point 
for the lime.

A t all time during the running in of the oxalic acid 
solution the flask should be shaken as violently as 
possible, care being taken not to allow it to splash 
out, so that calcium oxid will pass into solution. In 
nearly every instance of titrating a high-grade lime 
the pink color remained vivid nearly to the finish, 
which shows that - the CaO is rapidly soluble. If a 
completed titration is allowed to stand for from 15 
minutes to half an hour the pink color will return 
and show as brightly as in the beginning.

The reading of the burette is in per cent, of calcium 
oxid. The solutions necessary are:

[C o n t r i b u t i o n  N o . 10  f r o m  t h e  R e s e a r c h  L a b o r a t o r y  o f  A p p l i e d

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

DIFFERENTIAL CONDENSATION IN DISTILLA
TION AND RECTIFICATION OF BINARY  

LIQUID MIXTURES.
B y  A l c a n  H i r s c h .

The object of this paper is to show the important 
part which condensation plays ‘ in distillation and 
rectification of binary liquid mixtures, and how the 
efficiency of operation of commercial plants m ay be 
increased b y  proper partial condensation, especially 
in the case of alcohol-water. The design of - total 
condensers is well understood, and standard text
books such as Verdampfen Kondensiren und Ktihlen, 
by E. Hausbrand, contain sufficient data on cooling 
surfaces, radiation, heat transfers, etc., for their cor
rect design and construction. B ut these same meth
ods of design are usually employed in the case of par
tial condensers— in fact in commercial practice the 
same piece of apparatus is often used interchange
ably as a partial or total condenser simply by regu
lating the flow of cooling water. It will be shown that 
in the case of the design of partial condensers several 
additional factors enter which have not heretofore 
been taken into account, and that in the great m a
jority  of cases the yield obtained from commercial 
apparatus, both partial condensers and rectifying 
columns, m ay be materially increased by proper 
condensation without increasing the coal consump
tion under the boilers.

If a mixture of two miscible liquids of different 
boiling points be boiled, the composition of the boil
ing liquid being kept constant, the vapor evolved 
will be richer in the more volatile constituent than 
the liquid, unless the latter be of the constant boil
ing composition, in which case the vapor is of the 
same composition as the liquid. The curves show
ing the composition of the liquid and the composition 
of the vapor in equilibrium with this liquid have 
been determined for m any different mixtures, but 
for water-ethyl alcohol mixtures with which the 
experimental part of this paper is concerned, there 
are three (3) principal curves, as shown in Fig. 1 ; 
the Grônig, the Rachewsky, and the Sorel. The 
Grônig is the original data, but Sorel1 claims that the 
composition of the vapor in the upper part of Grônig’s 
curve is greater than the true value, due to partial 
condensation of the vapor in the upper part of the 
distilling flask, and Sorel has accordingly applied

1 Cornpl. rend., 116 , 693.
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a correction to the Gronig data. The Rachewsky 
data seems to be a compromise between the Gronig 
and the Sorel. E. Hausbrand1 states that the Sorel 
data is the most reliable, and that the condensation 
in practice, where there is always more or less prim
ing, would be much closer to the Sorel curve than the 
Gronig. The Sorel data were used for all computa
tions in this article where compositions of vapor- 
liquid are involved, for while they are not absolutely 
correct, yet they are the best at hand. It is desira
ble that the equilibrium liquid-vapor composition be 
known exactly3 and that the necessary correction for 
priming be made for commercial cases.

In order that a vapor m ay be enriched in respect 
to the more volatile component, two general methods

F ig .  I .

of procedure have long been in use. First, there 
m ay be induced a partial condensation in which a 
large portion of less volatile component and a smaller 
portion of the more volatile component m ay be de
posited in liquid form, depending upon the removal 
of the latent heat by an external cooling medium, 
for example running water in a cooling coil. Second, 
the vapor m ay be enriched in respect to the more 
volatile constituent by rectification. This opera
tion consists of an exchange of heat between vapor 
and liquid mixture only, the condensed vapor deliver
ing its latent heat to the liquid, from which is vapor
ized in time a new vapor richer in the more volatile 
component. In order that the last operation m ay be

1 E .  H a u sb ra n d , Z eit. f .  C/urw. A pfraru t., 2 , 585 (1907),
2 A  m e th o d  fo r ca lcu la tin g  e x a c tly  th e  com position  o f  equ ilib rium  

v ap o r- liq u id  from  th e rm o d y n a m ic  d a ta  a n d  from  som e of th e  law s o f p h y s 
ica l ch e m is try  h a s  been  dev ised  to  check  S o re l's  cu rve . T h e  re su lts  o f 
th is  w ork  w ill b e  p re sen ted  in  a  la te r  p ap e r.

continuous each plate must have an appropriate 
intake and overflow of liquid from the plate above 
and to the plate below, respectively, the top plate 
being fed with the condensate from a partial or-total 
condenser.

The nomenclature used in this article is as follows:
The composition of both vapor and liquid is ex

pressed in per cent, by weight of the more volatile 
component— in the case of alcohol-water, by per 
cent, alcohol by weight. The composition of the 
vapor is expressed by C, with subscripts to denote 
the composition of different vapors such as Cj, C,, 
etc. The composition of the liquid is expressed by 
c, with subscripts to denote the composition of differ
ent liquids,, such as clt c2, etc. Furthermore, the 
compositions of equilibrium vapor and liquid are de
noted by the same subscripts, as C t, ci \ G,, c2; the 
values to be found from Sorel’s curve for each specific 
case. For weight of vapor two letters are used: G 
with proper subscripts such as G, and G, for the theo
retical discussion, and W  with proper subscripts, 
such as W 1 and W 2, for actual experimental deter
minations. For instance, suppose that we wish to 
enrich a vapor of composition C t to a vapor of com
position Cj by partial condensation. B y actual ex
periment a partial condensation is effected, and 
from a weight W , of a vapor of composition C, we have 
remaining a weight. W, of a vapor of composition 
C,. The ratio W j/W ! is called the yield. We can 
compute by use of the equations shown below the 
theoretical maximum yield that can be obtained in 
any given case. A  weight Gj of vapor of composi
tion C[ will give theoretically a maximum weight G, 
of vapor of composition C2. G2/G! is the theoretically
maximum yield. Then W2/W „ the actual yield 
divided by G,/G,, the theoretical yield gives W 2G,/ 
W ,G2, which, multiplied b y  100, gives the percentage 
efficiency.

Since the total heat contained in the weight G, 
of the vapor of composition Cj remains the same, 
however, the quantity G 2 of the composition C2 varies, 
the percentage efficiency which here represents weight 
of product m ay be also taken as the thermal efficiency.

In a paper by Dr. W. K . Lewis,1 of this laboratory, 
on “ The Theory of Fractional Distillation,” it was shown 
m athematically that the largest possible yield in 
enriching a vapor from a composition Gt to a com
position Cj b y  partial condensation can be obtained 
when the conditions of a certain differential equation3 
are fulfilled, and such a condensation was accordingly

1 T h i s  J o u r n a l , 1 ,  N o .  8 .  1 9 0 9 .
2 I f  a  w e i g h t  G  o f  v a p o r  o f  c o m p o s i t i o n  C  e n t e r  a  p a r t i a l  c o n d e n s e r *  

a n d  a  w e i g h t  d G  i s  c o n d e n s e d ,  t h e n ,
C .G . -  (G— dG ) (C— dC) +  c.dG  
C .G , -  C .G  —  G.<iC — C .d G  +  dG dC  +  c.dG  

d G (C — c) -  ~ G . d C  
d G / G  -  —  ¿ C / C — c

J*C2
d C l C — c

C i
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called a differential one. It  was also shown that a 
differential condensation m ay be considered an in
finite series of infinitesimal simple condensations, 
and is more efficient than a finite series of simple 
condensations between the same limits of composi

tion change. The maximum theoretical yield m ay be 
computed for any given case graphically from the 
(C ,i/C — c) curve shown in Fig. 2, b y  planimetering 
the area under the curve between the limits of com
position change, equating the value to the logarithmic
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equation, and solving. The curves of maximum 
theoretical yield have been thus computed and are 
plotted in Fig. 10, so that by reference to these curves 
the maximum yield m ay be read off for any given 
practical case of composition change.

The two extremes of partial condensation are a 
simple condensation and a differential one, the former 
being the least efficient and the latter the most effi
cient. In the case of the enrichment of a vapor by 
simple condensation, the entering vapor (composi
tion CJ is condensed to the extent that the condensate 
(composition c2) is in equilibrium with the final vapor 
(composition C2).

For example, suppose we wish to enrich a 35 per 
cent, vapor to one of 64 per cent, by one simple con
densation, allowing the vapor to come to equilibrium 
with the resultant condensate. From Sorel’s curve 
we find that the equilibrium liquid of a 64 per cent, 
vapor has a composition of 3 1 .5  per cent. Assum
ing that we deal with 100 lbs. of entering vapor, then, 
35 per cent. 100 =  64 per cent. X  +  3 1.5  per cent. 
(100 —  X ).

X  =  10.8 per cent. =  yield.

O11 the other hand, from an inspection of Fig. 10, 
showing the maximum yield theoretically obtainable 
b y differential condensation, we find that in the en
richment of a vapor from 35 per cent, to 64 per cent, 
composition, the maximum yield is 45 per cent. 
These numerical examples show very clearly to how 
great an extent the yield depends upon the kind 
of condensation.

It  was desirable first to determine experimentally 
howT closely the differential or maximum yield could 
be approached. The efficiency obtained would thus 
indicate how near the actual partial condensation

was to the desired differential one. From the equa
tions and the nature of the case, in building the first 
differential condenser the following conditions were 
fulfilled as nearly as possible:

(1) The vapor should be uniformly condensed, a

very small amount at a time, and the process should 
be continuous.

(2) The condensate should be removed as fast as 
formed.

B y  fulfilling these conditions, there should be a 
number of very small simple condensations, and the 
yield of such a series should be much larger than in the 
case of a single simple condensation. When each

F ig . 4 .

small amount of condensate has been deposited it is 
removed from the sphere of action for if it  were al
lowed to remain, additional and undesired condensa
tion would occur. Each small quantity of conden
sate should have a correspondingly small quantity 
of equilibrium vapor, but the condensate as a whole 
should not be in equilibrium with the uncondensed 
vapor; in fact the success with which this is prevented 
determines the efficiency of the partial condensation.

The first apparatus used is shown in Fig. 3. I t  
consisted of a 5-liter R. B. flask and was heated in 
an oil bath which could be kept constant a t any de
sired temperature. The condenser was of glass with 
a close-wound spiral through which the cooling water 
was circulated, the vapors passing around the spiral. 
The condensate was constantly siphoned off through 
a goose-neck. The uncondensed vapors from the 
partial condenser were passed into a total condenser 
which delivered the final product. The partial con
denser, conducting tubes from the distilling flask and 
to the total condenser, the upper part of the distill
ing flask and the projecting ends of the spiral, were
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all thoroughly lagged with asbestos-magnesia insula
ting material. No recorded run was made before the 
apparatus was well warmed up, so that there was no 
appreciable condensation due to heat conduction 
from without during a run. The composition of the 
boiling liquid could be kept approximately constant 
by a return-feed of alcohol-water mixture. During a 
run the time w*as recorded in order to ascertain the 
rate at which the vapor was passed through the con
denser. The samples were collected in tared flasks, 
the higher alcohol always in an Erlenmeyer, and the 
watery product in a F. B. flask. The increase in 
weight of the Erlenmeyer flask is W 2 (composition 
C,), and the increase in weight of the F. B. flask added 
to \V3 gives W j the weight of the entering vapor 
(composition C J . ' The samples were analyzed by 
determining the specific gravity a t constant tem
perature with a calibrated W estphal plumbet with 
self-contained thermometer, a chemical balance sen
sitive to 1 /10 mg. being used as the balancing medium. 
The composition determinations could be checked 
closely, and this method was found to be entirely 
satisfactory both as to speed and accuracy.

T a b  l b  I .
Cl jn  C2 in  R a te  

N u m b e r  p e r  p e r  of
o f ru n . /j. /2. I3. /«• ce n t. cen t, v ap o r. Eff-
29 B ..................... 5 9 .0  7 6 .5  9 2 .0  8 0 .0 +  4 9 .5  7 4 .5  13 .2  17 .7
30  B ..................... 5 9 .0  7 6 .5  9 2 .5  8 1 .0  4 8 .2  6 9 .3  1 6 .9  4 7 .5
31 B ..................... 5 9 .0  7 7 .0  9 2 .3  8 5 .0  4 8 .1  6 8 .7  2 1 .5  7 7 .8
32 B ..................... 5 9 .0  7 7 .5  9 2 .5  8 5 .5  4 6 .8  6 7 .3  2 2 .5  7 7 .4
33 B ..................... 5 9 .0  7 8 .0  9 2 .5  8 6 .5  4 5 .0  6 3 .8  2 4 .6  8 3 .5
34 B ..................... 5 9 .0  7 6 .0  9 2 .5  8 6 .0  4 2 .9  6 3 .7  2 4 .1  8 4 .5
35 B ..................... 5 9 .0  7 6 .0  9 2 .0  8 5 .0  4 7 .1  6 6 .4  2 4 .8  8 4 .8
36  B ..................... 5 9 .0  7 6 .5  9 2 .0  8 6 .0  4 5 .3  6 3 .6  2 7 .5  8 8 .9
37 B ..................... 5 9 .0  7 6 .0  9 3 .0  8 2 .8  4 1 .7  6 7 .9  1 4 .5  3 3 .8
38 B ..................... 5 9 .0  7 6 .5  9 3 .0  8 4 .0  4 1 .0  6 4 .3  1 5 .8  4 0 .6
39 B ....................  5 9 ,0  7 6 .0  +  9 2 .0  8 5 .6  4 8 .4  6 6 . 6  2 8 .0  9 0 .8
40  B ....................  5 9 .0  7 6 .5  9 3 .0  8 7 .5  4 6 .9  6 1 .8  3 7 .8  9 5 .0
41 B ..................... 5 9 .0  8 3 .0  9 2 .5  8 5 .0  4 3 .4  6 6 . 8  2 2 .7  7 7 .5
42 B ..................... 5 9 .0  8 5 .0  9 2 .5  8 5 .5  4 6 .0  6 6 .1  2 4 .8  9 1 .4
43 B ..................... 5 9 .0  8 5 .0  9 2 .0  8 5 .5  4 7 .4  6 5 .5  2 9 .5  9 2 .2
25 A ..................... 5 2 .0  6 9 .0  9 1 .5  8 2 .0  4 9 .0  7 1 .5  2 1 .4  3 5 .0 -

8 A . ..................  5 7 .0  7 9 .0  9 6 .0  8 5 .0 +  2 5 .0  6 5 .5  1 2 .9  5 0 .0 -
10 A ..................... 6 4 .0  8 4 .0  9 4 .0 +  8 9 .0  3 9 .4  5 7 .3  1 5 .0  8 7 .0
11 A ....................  5 9 .5  8 4 .0  9 4 .0  8 9 .0  3 6 .4  5 8 .5  1 3 .8  7 1 .6
22 A ....................  5 9 .0  7 7 .0  9 2 .5  8 5 .0  4 7 .0  6 5 .5  2 6 .4  8 7 .0

/i =  te m p , o f e n te r in g  coo ling  w a te r.
It — “  "  ex it
/**=* "  “ e n te r in g  v ap o r.
/<*=*" "  e x i t v a p o r .

Besides the preliminar)1' series to determine the 
best method of manipulation, forty-three runs were 
made with the small apparatus and a number of 
these results are presented in Table I. An inspection 
of this table will show that in enriching a vapor from 
a low to a higher alcohol content the enrichment 
m ay be done with either a low or a high efficiency. 
A  closer study will reveal that the efficiency depends 
upon the following factors: The rate of the passage 
of vapor must not be too low or otherwise a contin
uous and steady operation is impossible, and instead 
of differential there is apt to be only simple con
densation in a portion of the apparatus. In the 

mall laboratory apparatus used the minimum rate

for satisfactory operation proved to be about 25 cc./ 
min. The temperatures of both the entering and 
the leaving cooling water is perhaps the most impor
tant factor in differential condensation. Suppose 
that a vapor entered the differential condenser a t a 
temperature of 920 C. If the condensing surface at 
this end of the condenser is at a considerably lower 
temperature (say 20° less) it is easy to see that there 
will be a large condensation of yapor at this point. 
Not only must there be no material “ jum p ”  in tem
perature between the cooling surface and the enter
ing vapor, but the same conditions must hold for the 
exit vapor and its cooling surface. In fact through
out the condenser, for an efficient condensation, the 
change in temperature of the vapor from its entrance 
to its exit must be uniform— theoretically it should 
be differential from point to point. The heat con
ductivity of glass being so small, the temperature on 
the outside of the glass spiral is considerably higher 
than the temperature of the cooling water at that 
point, and for this reason a metallic spiral should be 
used. Silver wpuld be preferable, but copper or 
even tin serves this purpose very well.

An apparatus for laboratory use for the separation 
of miscible liquids by fractional distillation is sketched 
in Fig. 4. The condenser, which can be very easily 
and quickly, as well as cheaply, made, consists of an 
adapter tube with a small copper coil placed within. 
The copper return is covered with a glass tube to 
prevent condensation except along the surface of the 
spiral. The ordinary' laboratory still-head, such as 
the Hempel, rod-and-disc, evaporator, etc., are fragile 
and expensive, and the enrichment of the vapor depends 
entirely upon condensation by air conduction (in some 
cases there is a very slight enrichment due to rectifica
tion). On account of the poor conductivity of glass 
the capacity is exceedingly small, the ordinary de
livery' of final condensate being about one drop per 
second. B y  using an adapter tube with copper spiral 
and regulating the temperature and rate of the en
tering cooling water to the proper values as explained 
above, 25 cc./min. or more of final distillate m ay be 
obtained with equally efficient separation.

The results with the small glass apparatus were so 
encouraging that it was decided to build a larger 
differential condenser and to tryT the idea on as large 
a scale as could be conveniently handled in this lab
oratory. The diagram of this differential condenser 
is shown in Fig. 5. The condenser consisted of a

Fig. S.

galvanized iron pipe, 3* inside diameter and 4 ft. long, 
with reducing caps, 3 "-i" , at the ends. The spiral
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consisted of 20 feet of copper tubing 1/4" o. d. No. 20 
gauge, wound to fit inside the galvanized pipe. The 
condenser and all communicating tubes and pipes 
were heavily lagged with steam pipe insulation. 
In the first experiments the cooling water was circulated 
by gravity  w ith a  head pf about S’ /s feet, the water 
being heated b y  live steam in an elevated barrel 
of thirty gallons capacity. Even w ith suction the 
circulation was not as fast as was desired in some 
experiments, and so an iron tank of 60 gallons capacity 
was used as a reservoir, in which the water was heated 
b y  steam to the correct temperature, and b y  means of 
compressed air was circulated a t the desired rate. In 
the later experiments an electrically driven gear 
pump was used and proved very  satisfactory. A  
com paratively small am ount of water could be used 
over and over, and the temperature was regulated 
simply by slightly cooling the exit water b y  radia
tion. B y  inserting resistance in the armature cir
cuit of the motor, any desired rate could be had and 
maintained constant.

The still for supplying the vapors was of copper, 
20 liter capacity with the bottom steain-jacketed. 
The still and entire steam system from calorimeter 
to exhaust was thoroughly insulated. However, 
when steam was used as a heating medium it was 
found impossible to maintain a constant rate of vapor 
even w ith a needle-valve adjustm ent and direct atmos
pheric exhaust, owing to the low quality of the steam 
and variations in the line pressure.

Electrical heating was finally resorted to and proved 
entirely satisfactory. An inexpensive heater of 
simple construction, which gave excellent service, 
consisted of ten arc-carbons, one-fourth inch diam
eter and about eleven inches long, mounted in two 
wooden rings (preferably white pine or cypress) o. d. 
71//» i- d. 4". The carbons were connected in series 
by cast lead lugs, and the bottom  was of wood which 
insulated the heater from the still, and was weighted 
with lead to keep it firm ly seated. 25 amp. at 100 V . 
through this heater delivered over 75 cc./min. from 
15 liters of a low alcohol.

W ith the single coil differential condenser 76 re
corded runs were made and a number of different 
series are presented in Tables II  and III. The amount 
of cooling water used was not measured in m any of 
the early experiments, owing to the difficulty of ac
curately measuring it with the circulation system 
used at that time (gravity and suction). B u t in 
later experiments this was done and is discussed in 
detail further 011.

Curves A  and B shows the influence of temperature 
of the entering cooling water on the results obtained, 
and emphasize the effect of this temperature on the 
efficiency.

The great importance of having the temperature 
of the entering cooling water high enough was shown

T a b l e  I I .

N u m b e r 
o f r u n . tv t2. h- 14. Ci. C2.

R a te 1
o f

v ap o r. Eff.
10 C . . . . . 6 3 .0 8 9 .0 9 3 .0 8 8 .5 5 3 .4 6 2 .4 9 2 .0 7 3 .7
12 C ___ . 6 0 .0 9 1 .0 9 3 .0 88 . 0 4 7 .1 6 0 .0 114 .5 51 .8
13 C . . . . . 5 5 .0 9 0 .0 9 3 .0 - 9 0 .0  + 4 1 .8 51 .0 20 0 . 0 6 5 .4
14 C . . . . . 7 2 .5 9 0 .0 9 4 .0 9 0 .5 3 9 .5 5 2 .0 9 0 .0 7 4 .5
15 C . . . . . 5 8 .0 9 0 .0 9 4 .0  + 8 9 .0 3 8 .0 5 8 .0 8 6 .5 2 6 .0
16 C . . . . . 5 9 .5 9 1 .5 9 5 .0  + 8 8 .5 3 7 .0 5 8 .0 9 0 .0 1 3 .8
18 C ___ . 6 9 .0 9 2 .0 9 5 .5 8 9 .5 3 4 .0 * 5 0 .2 4 6 .0 5 0 .7
19 C ___ . 6 1 .0 9 1 .5 9 5 .5 91 .5 3 4 .0 4 9 .0 7 7 .5 4 6 .0
20 C ___ . 7 4 .0 9 0 .0 9 5 .0 8 6 . 0 3 6 .8 6 6 . 8 5 0 .0 7 3 .3
21 C___ . 7 6 .0 9 1 .0 9 5 .0 9 0 .0 - 3 2 .7 5 5 .4 5 5 .4 7 9 .5
22 C . . . . . 7 4 .0 9 3 .0 9 5 .5 9 0 .0  + 3 3 .0 5 1 .0 5 5 .7 5 2 .0
23 C ___ . 7 5 .0 9 1 .5 9 5 .5 8 9 .5 3 0 .7 5 5 .4 5 3 .0 7 5 .5
24 C . . . . . 7 5 .0 9 2 .0 9 5 .5 9 0 .0  + 3 0 .6 4 4 .0 7 5 .0 7 5 .0
25 C . . . . . 7 2 .0 9 0 .5 9 4 .5 9 0 .0 3 6 .4 5 6 .0 7 0 .8 6 5 .6
26  C . . . . . 7 8 .5 9 1 .0 9 4 .5 8 9 .5 3 6 .1 5 6 .4 6 2 .9 8 2 .0
27 C . . . , . 7 7 .0 9 0 .0 9 4 .0 9 0 .0 4 0 .5 5 5 .7 6 8 .9 8 9 .0
28 C ____ . 7 8 .5 9 0 .0 9 4 .0  + 8 9 .5  + 3 9 .9 .5 6 .4 5 3 .2 91 .0
29 C ........ . 81 .0 9 0 .5 9 4 .5 8 9 .0 3 6 .4 5 6 .4 5 3 .5 8 8 . 0
30 C . . . . . 7 8 .5 9 0 .5 9 4 .0  + 8 9 .0  + 3 5 .0 5 7 .7 5 2 .0 8 2 .8
31 C . . . . . 7 8 .5 9 0 .5 9 4 .0 - 9 0 .0  + 3 6 .7 4 7 .5 7 7 .0 81 .5
32 C ........ . 7 9 .0 8 9 .5 9 3 .5 8 9 .0 4 0 .9 5 7 .2 6 9 .0 8 2 .0
33 C ........ . 8 0 .0 8 8 . 0 9 3 .5 8 6 . 0 4 1 .9 6 7 .0 4 1 .4 8 3 .6
34 C ........ . 7 S .5 8 8 . 0 9 3 .5 8 7 .5 3 9 .6 6 4 .8 3 6 .2 8 5 .4
35 C ........ . 7 8 .0 - 8 9 .0 9 3 .5 8 7 .5 41 .7 6 2 .8 5 7 .8 71 .0
36 C ........ 8 0 .0 9 0 .5 9 4 .0  + 9 1 .5 3 6 .3 4 9 .7 6 9 .8 9 0 .0
37 C ........ 8 2 .0 9 0 .0 - 9 4 .0  + 8 9 .0 - 3 7 .9 6 0 .5 3 5 .6 8 5 .5
38  C ........ . 7 9 .5 9 0 .5 9 4 .0  + 91 .0 3 7 .6 5 0 .4 4 8 .7 8 6 . 1
39  C ........., 8 0 .0 9 0 .0 9 4 .0 - 8 7 .5 3 8 .7 6 4 .0 4 0 .6 8 2 .7
40 C ........., 7 8 .5 9 0 .5 9 4 .0  + 9 0 .0  + 3 6 .1 5 3 .4 5 9 .4 8 1 .7
41 C ........ 7 8 .5 9 0 .5 9 4 .0  + 9 0 .0  + 3 4 .9 5 6 .3 3 5 .8 7 9 .0
42 C ........., 8 0 .5 9 0 .0 9 4 .0 - 9 0 .5 3 8 .1 5 4 .2 6 7 .0 8 2 .7
43 C .......... 81 .0 9 0 .0 9 4 .0  + 9 0 .5 3 6 .5 5 4 .7 4 0 .4 8 1 .6
44 C ........., 8 1 .5 8 4 .5 8 9 .0 - 8 3 .5 5 8 .2 7 4 .3 2 7 .8 1 00. 0
45 C ......... 8 1 .0 8 4 .0 8 9 .0 8 4 .0 - 5 7 .3 7 3 .9 3 2 .5 1 0 0 . 0
46 C ........., 7 9 .0 8 6 . 0 9 4 .0 8 2 .0  + 3 7 .5 7 3 .4 6 1 .5 8 6 . 0
49  C ......... 8 0 .8 8 6 . 0 9 3 .0 8 4 .0 - 4 5 .5 7 0 .1 5 3 .5 9 2 .8

T a b l e  I I I .

N u m b e r 
o f  ru n . 

I E . . . .
2 E  . . .
3  E  . . .
4 E  . . .
5 E  . . .
6  E  . . .
7 E  . . .
8 E  . . .
9  E  . . .  

10 E  . . .  
1 1 E . . .
12 E . . . .
13 E  . . .
14 E  . . .
15 E  . . .
16 E  . . .
17 E  . . .
18 E  . . .
19 E  . . .
20  E  . . .
21 E  . . .
22 E  . . .
23 E  . . .
24 E  . . .
25 E  . . .
26 E  . . .
27 E  . . .
28 E  . . .
29 E  . . .
30  E  . . .
31 E  . . .
32 E  . . .
33 E . . .
34 E  . . .
35 E  . . .
36  E  . . .
37 E  . . .

R a te 5 of

tx>
7 4 .5
7 6 .3
7 6 .4
7 6 .6
7 5 .6
7 6 .0
7 6 .5
7 5 .0
7 5 .0
7 7 .8
7 7 .6
7 7 .6
7 8 .0
7 7 .5
7 7 .5  
77 .5
7 7 .5
7 7 .5
7 7 .5
7 7 .9
7 7 .5
7 7 .0
7 7 .1
7 6 .9
7 6 .6
7 6 .4
7 6 .6
7 6 .7
7 6 .5
7 6 .5
7 6 .5
7 6 .5
7 6 .5
7 6 .5
7 6 .0
7 6 .0
7 6 .0

h-
7 9 .0
7 8 .3
7 8 .4
7 8 .1
7 9 .0
7 8 .0
7 8 .1  
7 8 .3  
7 8 .6
7 8 .0 -
7 8 .0
7 8 .0
7 9 .0
7 8 .0
7 8 .0
7 8 .0
7 7 .5
7 7 .5
7 7 .5
7 8 .0
7 7 .5
7 7 .0
7 7 .1
7 7 .0
7 7 .0
7 7 .0
7 7 .0 -
7 7 .0
7 7 .0
7 7 .0
7 7 .0
7 7 .0
7 7 .5
7 7 .5
7 7 .0
7 7 .5
7 7 .5

*3-
8 1 .3  
8 1 .8
8 1 .5
8 1 .9
8 1 .5
8 1 .9  
8 2 .0
8 2 .3  
8 2 .8  
8 2 .0  
8 2 .2
3 1 .8  
8 0 .0  
81 .4 
8 2 .0  
8 2 .0  
81 .2 
81 .2 
81 .1 
81 .0 
81 .2
8 0 .3  
8 0 .1  
8 0 .2  
8 0 .2  
8 0 .1
7 9 .9  
8 0 .0
7 9 .8  
8 0 .0  
8 0 .0
7 9 .9  
8 0 .1  
8 0 .1  
8 0 .1  
8 0 .2
8 0 .3

U.
7 9 .0
7 8 .5
7 8 .0
7 8 .0
7 9 .2
7 8 .0
7 8 .0
7 7 .3
7 8 .0
7 8 .0  +  
7 8 .9
7 9 .0

7 8 .0
7 8 .5
7 9 .0
7 7 .5
7 8 .5
7 7 .5
7 8 .5
7 8 .0
7 8 .0
7 7 .0
7 8 .0
7 7 .5
7 6 .5  
7 7 .8
7 7 .6
7 5 .0
7 8 .0
7 8 .0
7 8 .0
7 8 .0
7 8 .0
7 6 .7  
7 8 .5
7 8 .0

Ci.
7 6 .0
7 6 .6
7 5 .7
7 5 .2
7 6 .8
7 5 .6
7 7 .0
7 5 .7
7 3 .7
7 9 .0
7 6 .4
7 7 .3
7 8 .8
7 1 .7  
'.¿.I
7 6 .5  
7 9 .2
7 9 .4
8 0 .4
8 0 .0
7 9 .9
7 9 .9
8 0 .6
7 9 .6
8 0 .8  
8 0 .0  
81 .8 
8 2 .0  
81 .2 
8 3 .0
8 0 .9
8 2 .4  
81 .9
8 1 .7
8 0 .9
8 1 .5
8 1 .8

c2.
8 3 .3
8 3 .5
8 3 .6
8 3 .3  
81 .4
8 5 .6  
8 4 .5
8 1 .7
8 4 .2
8 5 .8
8 2 .8
8 3 .4
8 3 .4
8 2 .5
8 3 .7  
R? 8
8 4 .3
8 3 .3
8 5 .5
8 4 .4
8 4 .2
8 4 .3
8 4 .4
8 4 .3
8 5 .1
8 5 .6
8 5 .5
8 5 .9
8 5 .6  
86.0
5 6 .3
8 5 .9
8 5 .9
8 5 .8
8 9 .1
8 5 .9
8 5 .4

v ap o r.

5 0 .6
3 2 .7
2 4 .4
2 3 .5
3 2 .4  
18 .1
1 9 .7
1 9 .7
4 6 .6
2 3 .4  
20.0
1 7 .0
15 .1
15 .2
1 7 .8
1 7 .5
1 6 .6
19 .2  

• 15 .1
12 .6
1 3 .2
1 0 .5  
10.0
1 0 .5
1 2 .6
1 0 .9
1 9 .2
2 3 .0
1 5 .0
2 2 .2
2 0 .5
2 6 .1  
2 3 .1  
2 6 .8
1 8 .3
21.6
2 1 .4

C. W , 
2125 
2000 
1600 
2280 
1350 
1275 
1206 
1000 
2740 
3000 
2980 
2740 
1830 
2680 
2625 
2525 
2675 
2480 
2200 
2370 
2525 
2425 
2375 
2640 
2725 
1100 
1130 
2630 
1540 
1260 
1720 
1175 
1816 
1725 
1566 
1320 
1018

Eff. 
7 3 .6
5 7 .7
5 8 .8
3 7 .1
7 3 .8
5 7 .0  
81 .9
3 8 .9
4 5 .5  

1 0 0 .0
6 2 .2  
81 .4
8 7 .6
9 6 .7  

1 0 0 .0
9 5 .4
9 0 .0
8 9 .2
6 5 .0  

1 0 0 .0
9 0 .8
7 8 .0  
8 5 .6
68 .0
7 0 .0
5 0 .5
9 6 .6  

1 0 0 . 0
5 6 .2  

1 0 0 .0
8 6 . 0
4 8 .5
9 0 .8
9 8 .5
6 7 .0
8 3 .1
9 5 .8

1 R a te  o f v a p o r  in  cc. p e r  m in u te .
* R a te  of v a p o rs  a n d  coo ling  w a te r  g iven  in  g ra m s  p e r  m in u te .
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recently b y  a case in commercial practice where cold 
w ater had previously been used in a partial condenser. 
W hen the tem perature of the entering cooling water 
was raised and the amount properly regulated, the 
yield was double the best that had heretofore been 
obtained using cold water, and y e t the enrichment of 
the vapors was the same in both cases.

The area of the cooling surface of the coil in the 
differential condenser was not as large as was desired, 
and it  was feared that some of the vapors could prob
ably pass through the space inside the coil at a high 
velocity  without being properly enriched. More
over, when the rate of vapor passage was rapid the 
air pressure required to supply the cooling water 
was so high that the rate of water circulation could 
not be kept constant. For these reasons a double 
coil was substituted for the single coil and was built 
as follows: A  copper coil of the same length, diam 
eter, and gauge as the original one was wound to fit 
within the first coil and the two coils were brazed to
gether a t each end. The second coil was wound 
left-handed w ith respect to the first, in order to hold 
it rigidly in place. The cooling water had two parallel 
paths of equal resistance to traverse, and thus with 
the same pressure heretofore used, twice the amount 
of w ater could be circulated. Baffle plates were 
placed within the inner coil to insure a thorough m ix
ing up of vapors, and to prevent any vapor passing 
through the center of the condenser. The results ob
tained with this differential condenser are given in 
Table IV .:

N u m b e r 
o f ru n . h - r.

T a b l e  IV . 

tz. U- c,. c2.
R a te 1 of 

v a p o r . Eff
I F . . . . 7 7 .3 8 1 .5 88 . 0 8 1 .3 5 7 .4 7 7 .2 5 8 .5 100
2 F  . . . . 7 8 .5 8 1 .5 88 . 0 8 1 .8 5 7 .7 7 5 .9 5 5 .0 100
3 F ___ 7 9 .2 8 2 .3 8 8 .5 8 2 .5 5 8 .3 7 4 .4 5 2 .9 100
4 F  . . .  . 7 9 .0 8 3 .0 9 1 .5 8 1 .0 4 7 .5 7 7 .9 3 4 .4 100

The proper amount of cooling water to use in any 
differential condensation was determined in the fol
lowing manner:

Suppose that a weight of vapor W/, composition Cj, 
enters the differential condenser, is partially con
densed, the uncondensed vapor having the weight 
W 2, composition C2, and the condensate having the 
weight W 3, composition c3.

W e know that
W , =  W 2 +  W 3

and
C jW , =  C jW 2 +  C3W3.

L, =  total heat in vapor, composition C,.
L , =  total heat in vapor, composition C2.
H3 =  heat in liquid, composition c3.
K  =  weight of cooling water.

The total heat must be equal to the sum of its com
ponents, and therefore for any case,

L rW j =  L,W 2 4- H 3W j +  K i U  —  t,).

The values for L  and H are given in Hausbrand’s 
article.1 For any specific differential condensation, 
we have seen that the temperature tl and t2 are fixed, 
t2 being slightly below the tem perature of the entering 
vapor and slightly below that of the exit vapor.

From  the thermal equation given above it is seen 
th at a certain definite quantity of heat, K(<, —  i j  
per unit of time must be removed b y  the cooling 
water, and as the temperature change (t2 —  t j  is 
fixed, the amount of cooling water K  m ust be a cer
tain quantity, and can be calculated for each specific 
case.

In order to check this method the data from a very  
efficient run was used, and the calculation made as 
given below:

R ate =  44.5 grams =  0.098 lb. vapor per minute.
Ci =  45 per cent.
C2 — 74 per cent.
R ate cooling water =  5 .5  lbs. per min.

t2 —  ti =  9 ° F-
Maximum yield =  40 per cent.
c3 =  2 5.7  per cent.
From tables (I. c. ) :
L , =  822 B. t. u.
L , =  628 B. t. u.
H3 =  119 B. t. u.

Then,
0.098 X 822 =  (0.40 X 0.098)628 4- (0.60 X 

0.098)119 4- (5-5  X 9)-
80.5 B .t .  u .=  24.6 +  7.0  4- 49.5 B. t. u. = 81.1
In some of the cases given in Table III the thermal 

equations will not check as closely as in the exam ple 
given above, but these discrepancies are due to the 
fact that in series E the temperature differences of 
entering and exit cooling waters were very  small 
and the temperature could not be read exactly  be
cause the thermometers were placed in oil wells. In 
the numerical example given above the temperature 
difference was large and therefore the percentage 
of error in determining t2—  t, was small.

In designing and building a differential condenser 
for commercial use the following method should be 
followed: The capacity of the condenser is known 
and the change in temperature of the cooling w ater 
is also approxim ately known for any change of com
position of the vapors from C, to C,. It is known that 
the heat transfer must be made in a certain manner 
to obtain the maximum yield. From tables on the 
heat conductivity of copper the surface is calculated, 
and allowing for fa irly  close-coiling, and several coils 
being placed one within the other, the size of copper 
tubing to use is determined approxim ately. T h e 
size of tubes should be chosen of sufficient diameter 
to conduct easily the amount of cooling water neces
sary (see tables of flow of liquids through tubes). 
The weight of cooling water can be calculated as

1 R a t e  o f  v a p o r  i n  g r a m s  p e r  m i n u t e . 1 L oc. cit.
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shown above and if the apparatus is operated properly 
a high efficiency is assured.

A  series of experiments were made to determine 
if the performance of the differential Condenser is 
as efficient at high condensations as it  is at low, and the 
results of this work are given in Table III. The ap
paratus is more difficult to regulate a t the high con
centrations, as each corresponding c and C lie closer 
together as the constant boiling m ixture is approached 
and consequently the temperatures of the entering 
and exit cooling water must be delicately adjusted. 
In some cases a difference of a few tenths of a degree 
in the temperature of the entering cooling water 
m aterially affected the efficiency in th at particular 
run. Fluctuations in temperature, rate of cooling 
water or vapor that >vould not be noticed at low 
concentrations were troublesome at high. An ap
paratus in which a composition change of 40 per cent.

I Fie. 6.

can be easily effected at low concentrations m ay only 
be large enough to give a composition change of 10 
per cent, or less a t high concentrations. So if a 
190° proof alcohol is desired, the size of the differ
ential condenser m ay be several times as large as that 
necessary if only 1450 proof alcohol is required, if 
the passage of the vapor be rapid. E xcept for the 
susceptibility of the apparatus to slight changes of 
tem perature and rate, and the increased size of ap
paratus necessary if the output is large, it  is not 
especially difficult to obtain a high alcohol at a high 
efficiency b y  differential condensation. W ith the 
single coil apparatus a 1860 proof alcohol at approx
im ately 100 per cent, efficiency was obtained.

A  differential condenser of medium size (compared 
with the size of the ordinary dealcoholating and 
rectifying columns) and large capacity, which will

enrich the vapors from about 25 per cent, to 75 per 
cent., can be built and run at a high efficiency, but for 
higher alcohols the differential condenser cannot be 
so conveniently used for reasons given above. As 
the high proof of the rectified alcohol is of first im
portance to m any distillers, it  was desired to be able 
to produce as high a proof as was wanted a t a high 
efficiency of operation.

An efficiency test on one of the very  latest types 
of French distilling apparatus was made by the 
writer, and the thermal efficiency of the rectifying 
column alone was computed as 40 per cent, of the 
theoretical maximum, which is high for the average 
column. The composition of liquid and vapor in 
different parts of the apparatus was as follows:

C om p o sitio n  o f  fina l d is ti lla te , 193° (9 6 .5  p e r  ce n t, b y  v o l.) .
C o m position  o f v a p o rs  e n te r in g  b o tto m  p la te , C0 ■» 2 0 .6  p e r  ce n t.
C o m position  o f v a p o rs  e n te r in g  second  p la te , Ci =  5 8 .5  p e r  ce n t.
C o m position  of v a p o rs  e n te r in g  th i rd  p la te , C2 =  6 8 .0  p e r  ce n t.
C o m position  o f liq u id  o n  th e  b o tto m  p la te , =» 1 4 .2  p e r  ce n t.
C om position  o f liq u id  o n  th e  second  p la te , c t =  43 .2  p e r  ce n t.

This test showed that the composition change on 
the bottom plates was very  rapid, and as the change 
from successive plate to plate is done by simple recti
fication, the yield in this part of the apparatus was 
poor. The column tested had eighty-eight plates, 
of which the greater number were used for rectifica
tion of high vapors.

The ordinary type of rectifier column can be more 
efficiently operated if the apparatus is well insulated 
and if the composition change from plate to plate is 
small. Ordinarily, this latter would mean that an 
apparatus twice the size of the one in use for the same 
composition change and the same capacity would be 
required, and on account of cost of installation this is 
prohibitive. M any designers have tried to build ap
paratus having large capacity and a small number 
of plates, and the operation depended upon the rapid 
enrichment of the vapors in the bottom plate. A l
though the first cost is reduced, it is impossible to 
obtain a high efficiency with such an apparatus be
cause the total rectification is a series of simple recti
fications of large composition change, and the yield 
is therefore low. In case it is desired to obtain high 
proof, the last step in concentration can most suc
cessfully be accomplished by using a plate column. 
A bove this a total condenser, returning the calculated 
amount of overflow from the same to the top plate, 
will usually be found most satisfactory, requiring 
much less attention at this high proof and yielding 
results almost as economical as a differential type. 
This is due to the fact that the composition of vapor 
and liquid at these high proofs lie so close together. 
A  differential condenser is not suitable for the last 
step in concentration for high alcohols but can be most 
successfully used during the earlier steps of rectifica
tion.

Fig. 6 is a sketch of a plate column of eight plates
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delivering into a total condenser with return-feed to 
the top plate, the rectifying column being placed 
above a differential condenser. The proper return- 
feed from the total condenser is calculated as follows: 

It  has been shown1 that a rectifying column is 
working at its maximum efficiency when the com
position of the overflow from the bottom  plate is 
equal to th at of the equilibrium liquid of the vapor 
entering the bottom  plate. If the composition of 
the entering vapor is C0, that of the rectified vapor 
Cc, then for W c pounds of entering vapor the m ax
imum yield of final product W c is given by the equa
tion

W e  _ C ° ~  C°
W D Cc — c0- 

The total weight of alcohol m ixture of composition 
Cc th at can be obtained from the weight of entering

ted under conditions which previous tests had shown 
allowed a very high efficiency to be obtained.

Forty and five-tenths per cent, of the vapors.con
densed in the total condenser were returned to the

Fisr. 8 .

top plate. The theoretical amount to be returned 
for a composition change from 74 per cent, to 85.3 
per cent, was 38.8 per cent., calculated from the 
form ula:

Max. yield (for plate columns) =  ° ° .
c o

The actual yield of final product was 22.86 granis in 
21/2 min.; 111 .3 5  grams of 4 5 .1  per cent, vapor en
tered the condenser, and the maximum yield (40 per 
cent, of the weight of entering vapor) =  44.56 grams 
of 74 per cent, vapor entered the plate column, and 
was enriched to 85.3 per cent, in that space of time 
(2V 2 min.).

The maximum yield of the final product was:
Q-59 =
0 . 5 9

44.56 X 0.57 =  25.4 gm.

W_
C

W  - -
° c .

The yield obtained was 22 .86 grams.
, . 22.86

Efficiency of total operation =  —  - -  =90.2 percent.

The apparatus was run in this manner for several 
consecutive days for about 10 hours daily, and the 
performance was perfectly steady and constant a t all 
times. The plate column used had only eight plates,

FiK. 7.

vapor \V0, composition C0 is calculated, and after 
subtracting the maximum yield Wc the remainder 
gives the am ount of distillate of composition Cc th a t 
should be returned to the top plate of the plate col
umn.

The results of a test with the apparatus of Fig. 6 
are as follows:
C om position  o f  v a p o rs  e n te r in g  diff. cond . «  4 5 .1  p e r  ce n t.
R a te  of v a p o rs  e n te r in g  diff. con d . * » 4 4 .5  g r a m ./  m in .
C o m p o sitio n  o f v a p o rs  le av in g  diff. con d . *=* 7 4 .0  p e r  cen t.
C o m position  o f fina l p ro d u c t  from  p la te  co lu m n  -» 8 5 .3  p e r  ce n t, (by  vol. 

90 p e r  c e n t.) .

The double coil differential condenser was opera-
L ew is, L oc. cit.
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but if enough plates are used, and this method care
fu lly  followed, an alcohol approaching the composi
tion o f.th e constant boiling m ixture can be obtained. 
The apparatus as run in the above test corresponded

apparatus being 90 per cent, of the theoretical m ax
imum.

I t  was shown1 th at a differential condenser placed 
above a plate column and returning the differential

C z ' n  7.  - —

So Bo SO 10 3°  ¿0

F is .  1 0 .

to a continuous distillation and rectification apparatus condensate to the top plate reduces the num ber
using a 14 per cent, (by vol.) mash and delivering a of plates necessary to a minimum and enables the 
go per cent, (by vol.) alcohol, the performance of the 1 Lewi,. Lae% ciu



N E L S O N  ON  C A P S A I C I N . 419

operation of the plate column to be made a t a high 
efficiency. The condensate from a differential con
denser should never be returned directly to the still, 
bu t should always be passed through a short plate 

' column which removes the maximum amount of the 
volatile component from the condensate, and the 
overflow from the bottom  plates is of approximately 
the same composition as the liquid in the still—the 
condition of maximum efficiency.

Fig. 7 shows the arrangement which should be used 
to increase the efficiency of commercial rectifying 
columns. The rectifying column is made into two 
columns, the lower one being rather short, b y  placing 
a solid m etal sheet between two successive plates. 
The lower column should contain fifteen or tw enty 
plates,1 and the vapors from the top plate of this 
short column should pass into the differential con
denser,2 and after being properly enriched (a com
position change of 50 or 60 per cent.) should then pass 
into the upper plate column for rectification for proof. 
T he vapors from the top plate of the upper column 
should pass into a total condenser and the calculated
am ount returned to the top plate. The overflow
from the bottom  plate of the upper column should
pass into the top plate of the lower column, and if
the whole apparatus is well lagged, a high efficiency 
is easy of attainm ent. In case high proof (above 
85 per cent, b y  volume) is not required, the upper 
column m ay be omitted.

The differential condenser is simply and cheaply 
built, the proper design of the coil being most im
portant. The cooling wrater is used continuously, 
and some method of initially heating it to the proper 
temperature, either with live steam or coils, should 
be used. The circulation may be accomplished by 
either a force or gear pump, or in some cases gravity 
flow might give the volume required. The exit cool
ing water may be cooled down to the proper intake 
tem perature by spray or by flow over baffle plates.

C O N C L U S IO N .

A n apparatus has been developed for partial con
densation of mixed vapors, to be used in conjunction 
with a plate rectifying column below it, and if neces
sary with a further column above it, which will:

(1) M aterially increase the thermal efficiency and 
capacity  of commercial types of rectifying apparatus, 
and

(2) Decrease the initial cost of the same by de
creasing the length of the plate towers used.

Extensive experimental results have been sub
m itted to prove the accuracy of the deductions and 
conclusions, and to furnish data for the proper design

1 T h e  co rre c t m e th o d s  o f  design  fo r su ch  a  co lu m n  can  b e  fo u n d  in  
L ew is’ a rtic le .

2 I t  w ill b e  n o tic e d  t h a t  in  F ig . 7 th e  d iffe re n tia l co n d e n se r is tip p e d  
so  t h a t  th e  co n d e n sa te  flow s to w a rd s  th e  e n te r in g  v a p o r . T h is  is  fo r th e  
p u rp o s e  o f  p re v e n tin g  a n y  d ep le tio n  w h a te v e r  o f th e  v a p o r  in  v o la tile  
co m p o n e n t, a l th o u g h  th e  co n d e n sa te  is  re m o v ed  as  f a s t  as fo rm e d  from  
th e  s p h e re  o f  a c tio n  b y  tu b e s  show n  in  th e  sk e tch .

of such apparatus; the methods and calculations for 
such designs have been outlined.

CAPSAICIN, TH E PUNGENT PRINCIPLE OF CAP
SICUM, AND TH E DETECTION OF CAPSICUM.

B y  E . K .  N e l s o n .

R ec e iv ed  A u g u s t 1, 1910.

Thresh,1 in 1876, established the fact that a crys
talline, powerfully pungent principle, which he named 
capsaicin, is the main active body in capsicum.

M orbitz2 isolated a principle from capsicum which 
he termed “ capsacutin,”  but M icko,3 who has done 
the most recent work on the subject, showed that the 
body isolated by Morbitz is identical with the cap
saicin of Thresh, being probably an impure form of 
the latter body.

Micko developed a process for the isolation of cap
saicin and proved it to be the pungent principle of 
pepper (capsicum fastigiatum ), but that capsicum 
fastigiatum  contains about tw en ty times as much 
capsaicin as does capsicum annuum.*

In view  of the fact that the detection of capsicum 
is desirable in those cases where it  is used to fortify 
pungent beverages, such as ginger ale, it  seemed de
sirable to isolate some of the pure principle for the 
purpose of studying some of its properties.

The method of Micko was employed, and while ex
trem ely tedious and difficult, it  is apparently the only 
w ay  at present known whereby the body can be satis
factorily separated from the fa tty  and resinous bodies 
w ith which it is associated.

Fifteen hundred grams of ground African cayenne 
were com pletely exhausted with ether. The ether 
was distilled off and the residue, a red, very  pungent 
oil, was dissolved in 1 liter of 90 per cent, alcohol, 
made slightly alkaline with alcoholic potash, and 
well agitated. A  portion of the oil remained undis
solved. This was separated, agitated with 90 per 
cent, alcohol, and the alcoholic solutions, which con
tained the pungent principle, were united. Barium 
chlorid solution was added to the alcoholic solution 
in moderate excess and the m ixture was thoroughly 
agitated. A fter standing for several hours, the clear 
liquid was decanted from the precipitate and the 
latter was washed w ith alcohol on a glass wool filter.

The alcohol from the alcoholic solution was re
m oved b y  distillation, and the residue was agitated 
w ith warm water. On standing, an oil separated, 
which was removed and the aqueous layer was shaken 
out with chloroform, the residue from which was uni
ted with the main portion of oil. The oil was taken
up w ith 90 per cent, alcohol, exactly  neutralized with 
alcoholic potash, and sufficient alcohol added to bring

1 P h a r. J o u r , a n d  T ra n s ., 3 , 7, 21 . 259. 473.
2 P h a r. Z eitsch . f .  R u ss la n d , 1897 , 369.
3 Z e ils . / .  U nters. d . N .  u . G cnussm ., 1898 , 818.
* Ib id .. 1899, 411.
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the volume to two liters. Alcoholic solution of sil
ver nitrate was then added, while stirring, in mod
erate excess. A  brownish red, very  voluminous 
precipitate was thrown down which was filtered off 
and washed with alcohol until the pungent principle 
was com pletely removed.

From  the filtrate silver nitrate was removed b y  add
ing sodium chlorid in aqueous solution, and filtering. 
The alcohol was distilled from the filtrate, the residue 
mixed with water and the oil separated. This oily 
material was then dissolved with an excess of five 
per cent, potassium hydrate solution and carbon 
dioxid passed into the solution until it  was com
pletely saturated with that gas.

This caused the separation of an oily layer which 
was removed b y  shaking out with ether. The resi
due from the ether was put into an eight-liter flask, 
mixed with 100 cc. of five per cent, potassium h y
drate, diluted with three liters of water, heated to 
6o°, and allowed to stand overnight at room tempera
ture. The alkaline, slightly colored, clear solution 
was siphoned from the oily, insoluble m aterial left 
adhering to the walls of the flask.

The above process was repeated until pungent 
bodies were com pletely removed from the residue. 
The alkaline, clear solutions thus obtained were united 
in a large flask, heated to 6o° and barium chlorid 
solution, in sufficient excess, was added, while stirring.

On standing, the precipitate settled out and the 
clear, supernatant liquor was removed. The pre
cipitate was repeatedly treated with dilute potassium 
hydrate solution and subsequent precipitation with 
barium chloride until it was free from pungent bodies. 
The clear, filtered solutions from the barium precipi
tate were acidified (whereupon they became m ilky), 
and shaken out w ith chloroform.

The chloroform was evaporated and after stand
ing for some days the residue began to crystallize 
in rosettes and set finally to a solid, beautifully crys
talline mass. The crystalline material had a brown
ish yellow color and was contaminated w ith some 
oily material. It  was spread on a porous plate and 
the oil and much of the color absorbed. The crude 
crystals were dissolved in carbon bisulphid, a gum m y 
residue remaining undissolved.

The carbon bisulphid was evaporated in a flask 
and the residue boiled- out with petroleum ether under 
a reflux condenser, decanting the petroleum ether 
extracts into beakers.

Upon cooling, pearly leaflets separated from the 
petroleum ether solutions.

T he body thus obtained was perfectly pure cap
saicin, in the form of pearly white leaflets.

All residues and liquors were carefully examined 
for other bodies of a pungent nature w ith negative re
sults. Hence, it  is concluded that capsaicin is the 
only pungent principle of capsicum. A n alkaloidal

substance, capsicin, possessing a conin-like odor, is 
present in minute amount, but it is not pungent.

From 1500 grams of selected African pods (capsicum 
fastigiatum ), 2 .13  grams of pure, crystalline capsaicin 
were obtained, representing 0 .14  per cent, of the 
original material. The crystals melt at 6 4 .5 ° (Micko’s 
capsaicin melted a t 64°). The properties of the body 
agree well with those described by Micko.

Capsaicin is not an alkaloidal body but possesses 
some of the properties of the phenol group. Micko 
has shown th at it contains a m ethoxy group and a 
hydroxyl group and from analysis and molecular 
weight determinations ascribes to it the formula 
C18H28N 0 3. The enormous pungency of capsaicin 
can be appreciated only by those who have been 
brought intim ately in contact w ith it. One drop of 
a solution containing 1 part in 100,000 causes a per
sistent burning on the tongue. A  drop of a solution 
of 1 part to a million imparts a perceptible warmth.

Now one drop of a solution of one part per million 
contains a t the most 1/20,000 of a milligram of cap
saicin, an amount not only unweighable, but ex
tremely difficult of detection even b y  the most deli
cate of chemical reagents. The only test based on 
chemical reaction indicating capsaicin on record, to 
the w riter’s knowledge, is that described b y  M icko,1 
and is as follows: A n alcoholic solution of capsaicin 
acidulated w ith hydrochloric acid is treated with an 
excess of platinic chlorid; no precipitate is formed. 
On spontaneous evaporation of this m ixture, how
ever, a characteristic vanilla-like odor is developed 
after some time.

To test the delicacy of this reaction, weighed amounts 
of capsaicin in alcoholic solution were treated with 
platinic chlorid and hydrochloric acid, as directed, 
with the following results:

4 /1 0  m g. g av e  no  odo r.
2 m g . g av e  a  s lig h t od o r w h ich  cou ld  n o t  b e  d escrib ed  as 

th e  od o r o f van illa .
4 m g. g av e  a  s lig h t v a n illa  odor.

10 m g. g a v e  a  d is tin c t v a n illa  odo r.

Thus it seems that this method, depending on the 
sense of smell, is entirely valueless for the detection 
of small amounts of capsicum. Careful search was 
made for a microchemical reaction which could be 
utilized for the detection of small amounts of cap
saicin, but none was found.

The following test indicates the presence of cap
saicin: On treating a small amount of capsaicin 
with a dilute neutral solution of ferric chloride and a 
little alcohol, an evanescent greenish blue color is 
given. This reaction is neither characteristic nor 
delicate, and is therefore of no value for analytical 
purposes.

W hen capsaicin is dissolved in sulphuric acid and 
a particle of sugar added, a beautiful violet color de-

1 Z e its . f .  U nters. d. N a rh r . u . G enus Sin. t 1898, 818.
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velops on standing, a reaction, however, which is 
afforded by other substances.

The detection of small amounts of capsicum there
fore appears to be restricted to the physiological 
action of the capsaicin.

G arnett and Grier1 were the first to describe a method 
for the detection of capsicum in ginger preparations, 
based 011 this reaction. The pungent body of ginger 
(gingerol) is destroyed b y  them by heating on the 
w'ater bath with alcohol potassium hydrate.

The pungent substance of ginger is not, however, 
com pletely destroyed b y  this method, as can readily 
be observed by the very  perceptible burning taste 
left after treating tincture of ginger b y  their method. 
Furthermore, the residue obtained according to this 
method is quite considerable, as ether is used for the 
extraction, and it  dissolves the oleo-resins of ginger, 
thus diluting the pungent body in the residue and 
rendering the test less delicate.

A  method is here proposed which departs from the 
G arnett and Grier method in important particulars 
and which is described as follows:

Ten cc. of a tincture, or the ether extract from 
100 cc. of a beverage (from which any alcohol pres
ent has been evaporated previous to extraction with 
ether) are treated in a porcelain dish with 10 cc. 
double normal alcoholic potassium hydroxide and 
evaporated on the steam bath.

About ‘ /jo grain powdered manganese dioxid is 
added, 5-10  cc. water, and the heating on the bath 
continued for about 20 minutes, or until volatile oils 
are expelled. Cool, acidify writh dilute sulphuric 
acid and extract a t once w ith petroleum ether. E vap 
orate the petroleum ether in a small crucible, keep
ing the residue w ith in . as small an area as possible 
and heating on the steam bath for about five minutes. 
The residue will be very small and in some cases 
scarcely visible, and it  will contain all the capsaicin 
from capsicum, mixed with a minimum amount of 
extractive m atter. A pply  the tongue to the residue, 
being careful to keep the material on the tip of the 
tongue. If capsicum is present the characteristic 
burning sensation will soon be felt.

If but a minute amount of capsicum is present, it 
m ay take a few minutes for the reaction to develop. 
In some cases it m ay be necessary to apply the en
tire residue to the tongue.

From the nature of the substance it is desirable to 
allow an interval of time between the several test
ings. Failure to follow this course m ay result in 
confusion.

The following data will show the delicacy of the 
test where capsicum in small amount is mixed with 
ginger:

1 P h a rm . J o u r , a n d  T ra n s . (3), 12 , 721,

T r . g in g e r U . S . P . 10 cc. 1 . .^  __ _ „  > N o ca p sicu m  fo u n d .
T r . c a p sicu m  U . S. P . n o n e  J

T r . g inge r U . S. P . 10 cc. C apsicum  d e te c te d  b y  p la c in g  en- 
T r . c a p sicu m  U . S . P . 1 /100  cc. J tire  re s id u e  o n  tongue .

T r. g inge r U . S . P . 10 cc. ^ . . ,
,, „  , , , , ,  > C apsicum  ta s te  v e ry  p ro n o u n ced .J r .  cap sicu m  U . S. P . 1 /1 0  cc. J

T r . g inge r U . S . P . 10 cc. t 4 , .. TT ... _  V C apsicum  ta s te , e x tre m e ly  h o t.
T r . c a p sicu m  U . S . P .  5 /1 0  cc. J

B u r e a u  o f  C h e m i s t r y .
W a s h i n g t o n . D .  C .

ASAFETIDA.

B y  W . A . P e a r s o n .

R ec e iv ed  A u g u s t 1, 1910.

During the past few years so much analytical data 
has been presented on this subject that I hesitate 
to increase the voluminous records. However, after 
the unpleasant and tedious wTork has been accom
plished it affords some relief to give others what little 
benefit m ay be derived from it.

When the Federal law' first took effect there was a 
marked and prom pt improvement in the quality of 
consignments of asafetida, but after a few inferior 
lots had failed to be deported the European mer
chants were quick to declare th at the highest grades 
could not be obtained in sufficient quantities. Pos
sibly the ultim ate m otive for this attitude was to in
fluence the Revision Committee of the Pharmacopeia 
to adopt lower standards.

The Great Variation Due to Sampling of Gum Asa
fetida.— E very  one is acquainted with the difficulty of 
obtaining representative samples of gum asafetida. 
An actual illustration m ay well be given.

A  sample consisting of several lumps was pounded 
in an iron m ortar till fairly uniform and the ash 
amounted to 24.9 per cent., the alcohol-soluble 50.86 
per cent. The same case wras later resampled and 
the average of four results obtained indicated 54.5 
per cent, of ash and only 23.2 per cent, of alcohol- 
soluble material, almost the reverse of the results, 
form erly obtained.

Samples from other cases in the same lot contained 
27.6 per cent, alcohol-soluble, 50.9 per cent, ash,
27.5  per cent, alcohol-soluble and 52.9 per cent, of 
ash.

Collection of Samples.— An attem pt was made to 
get representative samples b y  taking portions of 
several lumps from each case. If the total sample 
wras much over one pound, half of each piece sent 
for examination was taken. The samples were al
w ays pounded in an iron m ortar until the material 
could be mixed with the hands and was of fairly 
uniform consistency. The degree of variation ob
tained with this material b y  twTo chemists can be seen 
from the following table:
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P e r  c e n t ,  o f A s h .

S a m p le  N o . I .

P e r  ce n t. C hem ist.
D e te rm in a t io n  N o. 1 .. 5 8 .8 H . M. S.
D e te rm in a t io n  N o. 2 . . 5 1 .1 H . M . S.
D e te rm in a t io n  N o. 3 . . 5 5 .4 W . A . P .
D e te rm in a t io n  N o. 4 . . 5 2 .5 W . A . P .

A v e ra g e ; ..................... 5 4 .5

D e te rm in a t io n  N o . 1 ..

S a m p le  N o . 2. 
........................ 5 2 .5 H . M. S.

D e te rm in a t io n  N o . 2 . . 5 1 .1 H . M. S.
D e te rm in a t io n  N o. 3 . . 5 2 .0 W . A . P.
D e te rm in a tio n  N o. 4 , . 4 7 .8 W . A . P.

A v e ra g e ....................... 5 0 .9

D e te rm in a t io n  N o . 1 . .
S a m p le  N o . 3-

5 3 .3 H . M. S.
D e te rm in a t io n  N o . 2 . , 5 4 .4 H . M. S.
D e te rm in a t io n  N o. 3 . . 5 4 .7 W . A. P.
D e te rm in a t io n  N o. 4 . . 4 9 .4 W . A. P .

A v e ra g e ....................... 5 2 .9

Am o u n t  o f A l c o h o l-s o l u b l e  M a t e r ia l .

S a m p le  N o . I .

P e r  ce n t. C hem ist.
D e te rm in a t io n  N o. 1 .. 2 0 .3 H . M. S.
D e te rm in a t io n  N o. 2 . . 2 4 .2 H . M. S.
D e te rm in a t io n  N o . 3 . , 2 5 .6 W . A . P .
D e te rm in a t io n  N o . 4 . . 2 2 . 8 W . A . P .

A v e ra g e ....................... 2 3 .2

D e te rm in a t io n  N o . 1 ..
S a m p le  N o . 2.

2 S .0 H . M . S.
D e te rm in a t io n  N o. 2 . . 2 9 .0 H . M. S.
D e te rm in a t io n  N o . 3 . . 2 7 .3 W . A. P .
D e te rm in a t io n  N o. 4 . . 2 6 .1 W . A. P .

A v e rag e ....................... 2 7 .6

D e te rm in a t io n  N o. 1 ..
S a m p le  N o . 3 ‘

2 9 .4 H . M. S.
D e te rm in a t io n  N o . 2 . . 2 7 .5 H . M. S.
D e te rm in a t io n  N o . 3 . . 2 6 .1 W . A . P .
D e te rm in a t io n  N o. 4 . . ....................... 2 6 .0 W . A . P .

A v e ra g e . ..................... 2 7 .3

Method of Determining Per Cent, of Alcohol-soluble 
Material.— The amount of alcohol-soluble m aterial was 
determined b y  shaking about ten grams of the sample 
w ith 150 cc. of alcohol in a mechanical shaker for 
several hours. The insoluble m aterial was collected 
on tared filter paper and well washed with an excess 
of alcohol before drying to a constant weight at ioo°
C. It  has been suggested th at this residue be taken 
after weighing for the determination of ash, but several 
obvious reasons m ake this method objectionable.

The results given above were obtained in the usual 
routine examinations and show the extent of the varia
tions that m ay be expected.

Powdered Asafetida.— Powdered asafetida theoret
ically should conform to the same standards as the 
gum  asafetida, but every one who has attem pted to- 
powder it knows that it is not convenient to reach 
these standards on account of the moisture and vo l
atile m atter that is present. If it is dried before 
powdering, considerable of the volatile m aterial is lost.

The following records given b y  Mr. F. P. Sher show 
the loss of asafetida during drying and powdering:

L o t N o. I , 2032 lbs. R e tu rn e d  a f te r  p o w d erin g , 1630 lb s . L oss, 402 lb s .
L o t N o. 2, 1055 lbs. R e tu rn e d  a f te r  pow d erin g , 844 lb s . L oss, 211 lbs.
L o t  N o. 3 , 515 lbs. R e tu rn e d  a f te r  p o w d erin g , 448  lb s . L oss, 267 lb s .
L o t  N o. 4, 936 lbs. R e tu rn e d  a f te r  p o w d erin g , 697 lb s . L oss, 239 lb s .

T o ta l.  4538 lbs. 3619 lb s . 1119 lbs.

The average loss in drying is 24.6 per cent., and 
this loss is alm ost entirely the volatile and alcohol- 
soluble portion, which loss indirectly increases the 
ash and alcohol-insoluble m aterial in the finished 
product.

For example, if 100 lbs. of asafetida containing 
50 per cent, insoluble m aterial and containing 15 
per cent, of ash, be powdered and lose 20 per cent, 
in powdering, the resulting 80 lbs. of powder will 
still contain 50 lbs. of insoluble material, or 60.2 per 
cent., and it will still contain 15 lbs. of ash, or 18 .7  
per cent.

I t  can be easily seen that powdered asafetida con
tains considerably more ash and considerably less 
soluble matter. The analytical results on powdered 
samples m il not v a ry  nearly as much as on the sam
ples of gum, because of its com parative uniformity.

The following data illustrates the variation ob
tained in determining the per cent, insoluble in alco
hol of the powdered asafetida:

I n s o l u b l e  i n  A l c o h o l .

L o t N o . 1 .
P e r  ce n t.

D e te rm in a t io n  N o. 1 .................................................. 5 9 .0 0
D e te rm in a t io n  N o. 2 .................................................. 5 8 .8 4
D e te rm in a t io n  N o. 3 .................................................. 5 9 .2 6
D e te rm in a t io n  N o. 4 .................................................. 5 8 .8 8

A v e ra g e ........................................................................ 5 8 .9 9

L o t N o . 2.

D e te rm in a t io n  N o. 1................................................  5 1 .4 0
D e te rm in a t io n  N o. 2 ...................................................... 5 2 .9 2

A v e ra g e .......................................................................  5 2 .1 6

L o t N o . j .
D e te rm in a t io n  N o. 1 ................................................. 8 3 .0 8
D e te rm in a t io n  N o. 2 ................................................  8 2 .5 2

A v e ra g e  ........................................   8 2 .8 0

Ash Determi-nations.— It is frequently noticed in 
making ash determinations that lower results are ob
tained b y  using a blast lamp and also if the length 
of tim e ash is heated is increased. I t  is not wise to 
take a v e iy  small sample, particularly of the gum 
for ash determination, because the presence or absence 
of a single small stone will m ake the results w idely di
vergent. On the other hand, a large amount of ash 
requires a great amount of heat and m ust be heated 
a long tim e before it becomes perfectly white.

To ascertain the amount of variation due to method 
of heating, the following ash determinations were 
m ade upon three samples of powdered asafetida:

S am p le  N o. 1. S am p le  N o . 2. S a m p le  N o . 3 .
P e r  ce n t. P e r  ce n t. P e r  c e n t.

D e te rm in a t io n  N o. 1 . . . .  3 6 .1 1  2 9 .2 5  4 6 .3
D e te rm in a t io n  N o. 2 . . .  . 3 2 .OS 2 8 .2 0  4 5 .1

T h e first determinations were made b y  heating
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about ten grams in a platinum dish over a Bunsen 
burner for five hours. The second determinations 
were made b y  heating about ten grams in a nickel 
crucible for fifteen minutes with a blast lamp.

The above data are presented not only to show the 
variations due to sampling and assaying, but also to 
g ive the retail pharm acist some reason for the lack of 
uniform ity of his tincture of asafetida. Perhaps the 
present method of valuation is far from ideal, but 
certain ly some definite standard for the amount of 
soluble constituents in the tincture should be insisted 
upon.

Acknowledgm ent are due Mr. H. M. Sechler for 
considerable of the data here presented.

A n a l y t i c a l  D e p a r t m e n t .
S m i t h , K l i n e  &  F r e n c h  C o .

A D D R E S S E S.

CH EM ISTRY IN T H E  B U R E A U  OF STAN D ARD S.
B y  W . F . H i l l e b r a n d . C hief C hem ist.

R e c e iv e d  S e p te m b e r  7, 1910.

I  liave fe lt im pelled to speak on the subject ‘ ‘ C hem istry in 
the B ureau of S tan dards,”  for the reason, m ainly, th at since 
m y  connection w ith  th at bureau little  published evidence of 
chem ical a c tiv ity  has been offered. T h e impression m ight 
arise and spread th at proper advan tage is not taken of the 
opportunities provided. I t  is m y  wish to forestall such an 
opinion. T h a t the public closely interested in chem istry has 
a  righ t to be inform ed on the subject goes w ithout saying, 
for the bureau is a  federal institution  where w ork is expected 
to  be directed chiefly tow ard providing the public w ith authentic 
inform ation on a  v arie ty  of subjects. T his inform ation m ust 
be o f value for the m ost part to the industries, otherwise the 
bureau fails in its  chief function. From  its inception the bureau 
has endeavored to m eet the m ost insistent dem ands upon its  
reservoir of physical knowledge, and a t an increasing rate as 
facilities w ere given  it  for so doing. T h a t i t  has been in the 
m ain em inently successful in this respect, is sufficiently attested 
b y  the support it  has a t all tim es received from Congress and b y  
th e  m arked grow th it has experienced and is experiencing, a  
grow th th at would be impossible w ithout strong backing, th at 
is, the approval of an influential section of the com m unity 
both industrial and educational, m anifested through its repre
sen tatives in the national capitol.

T he growth of the chem ical side of the bureau has been slow, 
b u t it  is now increasing rapidly a t a  rate which bids fair to call 
for a i special building w ithin a  couple of years. A t the start 
it  w as n ot clear, apparently, along w h at lines the chem ical 
w ork of the bureau m ight best develop and I was m yself in 
doub t for some time. The view point of m y predecessor, Dr. 
N oyes, th at research w ithout direct practical bearing should 
not be elbowed ou t of v iew  b y  the dem ands of the industries, 
is one th at should need no defense before a  gathering of this 
character. I t  is a  view  th at is held b y  the director of the 
bureau as well as b y  m yself. Nevertheless, during the in terval 
betw een the w ithdraw al of Dr. N oyes from the bureau and m y 
own transfer to it, the w ork of the sm all chem ical force was 
w holly  along practical lines. T he dem ands of one and an 
other of the governm ent bureaus and departm ents for help in 
the preparation of specifications for m aterials in which th ey  
were v ita lly  interested had become insistent. Dr. Stokes, 
the associate chem ist in charge, w as deeply impressed w ith 
the im portance of the num erous problems presented and de
voted himself w ith ardor and great a b ility  to their solution.

H e had m apped out extensive lines of investigation and had 
initiated several different researches of a  m ost difficult nature. 
U nfortunately, his w ithdraw al from the bureau has hindered 
the prosecution of some of this w ork for lack of a directing spirit 
with full comprehension of the su bject in its different bearings. 
A t the same tim e it  w as felt, in view  of the obscurity  in which 
some of the questions were involved and the length of tim e 
needed for their stud y and the uncertainty of a  successful issue, 
th at our chief attention  should be centered for the present on 
other lines of w ork where success was practically  assured and 
the im m ediate value to the com m unity w as plainly evident.

T h e most im portant of these problem s w as a  great exten 
sion of one already initiated under Dr. Noyes, nam ely, the 
providing of carefully  analyzed m aterials b y  which chem ists 
can check the accuracy of their an alytical m ethods and em 
ployers can control the w ork of their employees. T he use
fulness of these m aterials is not confined to those em ployed in 
the industries b u t extends equally to educational institutions. 
T o you, being chemists, it is h ard ly  necessary to offer a n y  
argum ents in support of the use of such standardized materials. 
The subject is treated briefly, bu t w ith  sufficient fullness, in a  
publication which lias been issued only" very  recen tly  as a  cir
cular of inform ation regarding the sam ples th a t have been 
provided thus far b y  the bureau or are in im m ediate prepara
tion, some th irty-seven in all. T h e num ber w ill be very  largely 
added to, for there is an ever increasing demand in this direc
tion, and I feel th at the bureau can  do no greater service to 
chem ists of the industries a t  present than b y  catering to  this 
demand. N ot on ly  w ill benefit result from the use of the sam 
ples them selves but also from the experience th at the bureau 
chem ists w ill gain, and have a lread y gained, in their close stud y 
of the m ethods em ployed in analyzin g them . T o  th is feature 
I w ill revert later.

T h e list o f samples in stock comprises three p ig irons, 5 Besse
mer steels, 5 basic open-hearth steels, 6 acid open-hearth steels, 
and 1 vanadium  steel, to which w ill be added, as soon as anal
ysis can  be m ade, a  nickel steel, a chrom e-vanadium  steel, and 
a  chrom e-tungsten steel. O f ores there are an argillaceous 
lim estone, suitable for the m anufacture of Portland cem ent, 
a  zinc ore, and 3 iron ores from  the Lake Superior region. I t  
is impossible to find a n y  single ore from  this region th at can 
advantageously be used as a  standard for all the constituents 
th at are ordinarily determ ined in an iron ore. H ence, the 
m ultiplication, one being used for iron, phosphorus and silica, 
the second for alum ina, lim e and magnesia, and the third for m an
ganese. A  titaniferous iron ore from  N ew  Jersey is in process 
of analysis, and it  is proposed to provide later one typ ical ore 
from the A labam a region. Possibly typ ical ores of lead and 
zinc from the R o ck y  M ountain region w ill follow.

I t  is to  be said here, however, th at the selection of ores that 
can be used advan tageou sly as standards for analysis offers 
far greater difficu lty than th at of alloys, for the reason th at 
th ey  are alm ost a lw ays so subject to changes in m oisture con
ten t from  d a y  to d a y  or a t different altitudes, as to detract 
very  m uch from  their value. I f  their sensitiveness to hygro- 
m etric variations is a t  all pronounced it is alm ost hopeless to 
exp ect th at all chem ists w ill be able to reduce them to a  fixed 
w ater content, no m atter how  precisely form ulated m ay be the 
directions for drying. T he m oisture content m ay v ary  some
w h at w ithout detrim ent so far as the minor constituents are 
concerned, but not so for those present in large am ounts.

W e have also a  pure sugar for use as a  standard in calori- 
m etric and saccharim etric work, and studies are in progress 
looking to the ap p licability  o f other standards for the m easure
m ent of heat of com bustion, such as benzoic, salicylic, phthalic 
and hippuric acids, naphthalene, anthracene and camphor. 
T his w ork is done in co-operation with the heat division of 
the bureau.
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T h e Am erican B rass Foundrym en’s Association has enlisted 
our aid in the preparation of standard brasses and bronzes, 
and a beginning has been made w ith  tw o brasses, which are in 
preparation.

W e have undertaken to aid the fertilizer interests b y  care
fu lly  analyzin g one or more typ ical phosphate rocks and b y  
testing at the same tim e the relative values of the different 
m ethods in comm on use, especially w ith  respect to the influ
ence on them of such interfering constituents as are common 
to m aterials of this class— pyrite, fluorine and organic m atter.

I could easily devote an hour to the problems encountered 
in the selection and preparation of the sam ples them selves 
and several more to those connected w ith  their analysis. An 
enormous volum e of correspondence on these points has accum -- 
ulated. W e endeavor to keep in close touch w ith prominent 
m anufacturers, and especially w ith  prominent chemists, solici
ting their advice and criticism . A lm ost w ithout exception 
our efforts have m et w ith h earty  approval and support.

I t  m ay be well to introduce here some rem arks relative to 
the plan we have hitherto followed in obtaining the com posi
tion of our samples. It is a  plan of co-operation, in which lead
in g w orks chem ists and com m ercial chem ists are invited to 
participate. T he alm ost inevitable result is failure of satis
factory  agreem ent in the reported results. O rdinarily we 
h ave given opportun ity to those whose results differed m ark
edly  from  the mean to revise their w ork w ithout indicating to 
them  the direction or m agnitude of the deviation. T his course 
has often resulted in much loss of tim e and necessitated much 
correspondence. F or certain cases, and even tually  perhaps 
for all, the bureau m ay decide to depend solely on its own chem 
ists to establish the com position of a  given m aterial, bu t for 
some tim e to come this plan w ill be em ployed to a  lim ited e x 
tent only. The bureau m ust first afford to its  analysts suffi
cient time to become m asters in their particular fields to an e x 
ten t th at w ill com m and general confidence. U ntil this condi
tion is fulfilled it  is far better policy to share the responsibility 
w ith  experts outside of the bureau. T he certificates which the 
bureau issues w ith  its analyzed samples represent, therefore, 
the best efforts of a considerable num ber of an alysts who are 
supposed to be especially expert in the analysis of the given 
m aterial, and the mean undoubtedly gives in most cases a  close 
approxim ation to the correct composition. T he bureau does 
not, however, undertake to vouch for their correctness. The 
results b y  different analysts and by different m ethods are re
ported in such a  w a y  that the person using them can see at a 
glance w h at variations are to be expected in com m ercial w ork 
done b y  supposed experts and under conditions that arc pre
sum ably the best that are to be encountered in com m ercial 
laboratories.

In  certain  cases, such as pig iron and the ordinary steels, 
the m ethods com m only used and the precautions observed are 
of the highest known order. The com m ercial results on the 
average are, therefore, to be accorded fu lly  as great w eight as 
those obtained in the bureau. It  is not a lw ays so w ith other 
m aterials, when the character of the reagents or the apparatus 
p lay  a more im portant part, and when the com p lexity  of com 
position, as in ores, introduces special difficulties in the w ay 
of effecting com plete separation of the constituents and their 
accurate determ ination. In  special cases the bureau regards 
its own values as closer to the truth  than the mean of any 
num ber of outside determ inations. T his is true, for instance, 
of the alum ina and m agnesia in one of the Lake Superior iron 
ores and even in the value for iron itself in another of them.

One w ithout experience can form  little  idea of the difficulties 
and delays th a t have been encountered, from the initial selec
tion of one of our sam ples through the m achining, grinding, 
m ixing, analyzing, and assem bling of d ata  to its  final issuing. 
I t  took us n early  a  year to get the bars to replace one of our

steels of which the supply gave out. T he steel com pany th at 
undertook to fill the order had to m ake five castings before a  
product of the right com position w as obtained. Once deliv
ered to the bureau, it takes from two to three w eeks to reduce 
the sample o f steel or iron to fine chips. These som etim es 
have to be ground finer in a  special machine and in any case 
m ust be m ost thoroughly m ixed. T h e  successful m ixing o f 
300 or 400 pounds of such a  m aterial requires a  special m echan
ical m ixer and no one o f those on the m arket is entirely satis
factory. T he one we have used w e modified m aterially and are 
now- having one made that w orks on a  different principle en
tirely.

W e have experim ented som ewhat w ith  a  view  to securing 
homogeneous sam ples of re la tively  low m elting alloys and m etals 
in a  state  of sufficient division, w ithout the use of a lathe, and 
have some hopes of eventual success.

M uch tim e has to be expended b y  us in analyzin g these m a
terials, p articularly  the ores, brasses and special steels, for 
which the com m ercial m ethods are either more or less inade
quate or have not ye t received the extended stud y and testin g 
that has been given to  those for irons and plain steels. It is to  
be borne in mind th at we m ust not be content w ith a  single 
determ ination or w ith  a  few  determ inations by  a single m ethod, 
but that our problem is to ascertain just as closely as is possible 
the true com position o f these com plex m aterials. L iterally  
m onths of tim e m ay thus be consumed in the study of a single 
sample of a  new kind. The knowledge thus gained, however, 
shortens b y  far the tim e required for later analyses of sim ilar 
or related samples. In  acquiring this knowledge and in testin g 
the various com m ercial m ethods against each other, we have 
a lread y made useful observations that will be of value to others 
as well as to ourselves. W e shall not hasten to publish our 
observations, but w ait until we have had full opportun ity to  
verify  them repeatedly. M uch inform ation on certain  of our 
own m ethods and in less degree on those used b y  others is to  
be found in our recen tly  issued circular—  ‘M ethods of A n alysis 
for Iron and M anganese Ores.”

In  addition to the above, w e have taken the prelim inary 
steps looking tow ard the issuance b y  the bureau of a  sodium 
oxalate  for the standardization of solutions to be used not on ly  
in oxid im etry, but in acidim etry as well. Our reasons for 
making, choice of sodium oxalate  I need hardly go into now, 
save to say th at for oxid im etry it seems to be the m ost satis
factory  m aterial that can be had in considerable qu an tity . 
W hen pure (and the different m akes on the m arket are not to  
be taken a t  their face value, but m ust be tested b y  each buyer) 
the article is stable and em inently satisfactory as a  standard. 
T he use of so-called piano wire as a  basis for standardizing 
perm anganate and bichrom ate solutions cannot be too strongly 
condemned. E lectro lytic  iron is difficult to prepare and it  
too is n ot as pure a s  could be wished. T h e chief difficulty before 
us is to secure from  m anufacturers an article of sufficient p u rity  
in the large am ounts called for. I f  found, it will be tested b y  
us and issued under our seal. Should success attend our ef
forts in this case, we m ay go farther.

H avin g thus dw elt a t some length on th at feature of our 
w ork th at is lik ely  to appeal m ost strongly to chem ists as a  
wiiole, I will pass over others more briefly.

V arious bureaus of the governm ent have called on the Stan d
ards B ureau for assistance. These requests range from  sim
ple requests for tests of m aterials to those th at involve more or 
less extended research. S ix  m onths were required for a research 
on pyroxylin  plastics w ith  reference to their acceptance or re
jection  as freight on Am erican passenger vessels. T he Treas
u ry  D epartm ent w ants inform ation to enable it to draw  speci
fications for its  various record inks and to im prove their qu ality. 
T he G overnm ent Printing Office needs sim ilar inform ation in re
gard to its  papers and inks. In  fact the Standards B ureau has for
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some years done the greater part of the physical and chem ical 
testin g of papers for th at great printing establishm ent, and 
frequently  analyzes the m etals and a lloys th at enter into the 
com position of typ e m etals or find direct use in printing. This 
w ork requires not on ly the tim e of one chem ist for the routine 
w ork but of another for research connected w ith  paper.

T he following list em bodies tests th at were m ade b y  us in 
one year: Papers, w riting and printing inks, m ucilage, lubrica
tin g oils, fuel oil, linseed oil, turpentine and w hite lead, paints, 
gelatine compound, boiler compounds, soaps, rubber hose and 
valves, silks, brines, e lectroplating solutions and scrapings 
from  anode plates, flooring compositions, silicate brick, glasses, 
gypsum , boiler tubes, steels (other than those in our list of 
analyzed samples), graphite, tinfoil, solder, m onotype m etal, 
antim onial lead, ju te  bagging, rasped pine saw dust cover for 
paper rolls, condenser tubes and water, guide rails. M any of 
these called for far more than routine testing.

In consequence of recent legislative action b y  Congress, it 
is  probable th at a  vast deal of w ork in connection w ith  the 
testin g of structural m aterials will devolve upon the bureau. 
Its  proper attention  w ill require large additions to the chem ical 
force and necessitate the erection in the near future of a  build
in g specially devoted to chem istry.

As is generally known, the units in term s of which p ractica lly  
a ll electrical m easurem ents are expressed, are the International 
U nits defined in term s of concrete standards, and not the abso
lu te  units of the C. G. S. system . The latter have been dis
placed, for the present a t least, on account of the higher accuracy 
atta in able  w ith the form er b y  the aid of carefully drawn speci
fications.

T o secure the highest attainable  accuracy, the chem ist m ust 
be called upon to stud y the m ethods of purification or prepara
tion of the m aterials em ployed, to develop special m ethods of 
analysis, qualitative  as well as qu an titative, and incidentally 
to  in vestigate  various problem s such as arise in connection 
w  th eve y  research.

T he London International E lectrical Conference o f 1908 
adopted the in tern ation al ohm and ampere, defined in term 
of the m ercury colum n and the v o lta m eter respectively, a 
the tw o fundam ental units. T h e W eston normal cell, which 
m ust, however, be em ployed to fix  the results of voltam eter 
work, w as adopted as a secondary unit.

O w ing to the difficulty o f reaching agreement in specifica
tions, this question and others were assigned to an International 
Scientific Com m ittee of 15 under the auspices of which a  m eet
in g  o f representatives of the N ational laboratories of Germ any, 
England and France w as recen tly  held a t the Bureau of S tan d
ards. T he object w as to com pare the results obtained w ith  the 
typ es of voltam eters used in the various laboratories and to 
com pare standard cells representing the procedures adopted 
in those institutions as well as to investigate sources of varia
tion in the results, in order to pave the w a y  for the adoption 
o f uniform  specifications guaranteeing the highest accuracy 
o f reproduction.

T he results, though incom plete, are to be regarded as m ost 
satisfactory, b u t cannot be discussed here. T he services of a  
chem ist were needed during all the w ork on the voltam eter 
and for m any m onths in advance of the com ing of the foreign 
delegates. T o  his skill was due in large measure the unravel
in g  of some m ost troublesom e and obscure points in the action 
of different typ es o f coulom eters and of the solutions em ployed 
in them.

The main chem ical questions that have a bearing on the re
su lts of voltam eter m easurem ents are the following:

1. The preparation of pure silver nitrate.
2. M ethods of testing the p u rity  of silver nitrate
3. The influence o f im purities in the electrolyte.

4. The contam ination of the electrolyte b y  the septum  em 
ployed or b y  the electrolysis effected.

T h e chem ical side of the reproducibility and constancy of 
the W eston cell as a  standard of electrom otive force has been 
under consideration a t the Bureau of Standards for some tim e 
w ith  the result th at an accuracy of reproduction of tw o or three 
parts in 100,000 is now attainable. (Parenthetically  it  m ay 
be said th at a  like degree of accuracy is striven  for in the re
producibility of conditions and results b y  the voltam eter, th at 
is, of at least two or three parts in 100,000 as a mean of several 
determ inations.) T he w ork w ith  the W eston cell has em 
braced the investigation  of equilibrium  conditions in the cell, 
the m ethods of w ashing and the hydrolysis o f the depolarizer, 
m ercurous sulphate, the preparation and purification o f the 
m aterials m ercury, cadm ium , m ercurous sulphate and cadm ium  
sulphate, and the effect of added impurities.

I t  is hoped th at the ultim ate result of the international com 
parison of cells and voltam eters and the exchange of the various 
m aterials will result in the adoption of uniform specifications 
for these m aterials. T he bureau has m ade the proposal th at 
when this shall have been effected the various national labora
tories shall undertake to furnish such m aterials ready for use 
to investigators and others.

T he need of a new and auth oritative table of densities of alco- 
liol-w ater solutions has long been apparent. Fundam ental 
for this is an exact determ ination of the density of absolute 
alcohol. T he d ata  heretofore chiefly relied on are those of 
Mendeldef and the Squibbs, but these differ, hetice the desira
b ility  of a  new determ ination, which necessitates the prior 
preparation of pure alcohol, a  m ost difficult problem. How' 
this lias been done is described in a  paper b y  Mr. E . C. Mc- 
K e lv y , which I shall have the pleasure of presenting in a b 
breviated form a t this m eeting.

A n investigation is in progress h a rin g  in  v iew  the unification 
and sim plification of m ethods of gas testing in this country. 
A n im portant point in connection w ith this relates to the per
missible lim it for hydrogen sulphide in illum inating gas, and 
the accurate and quick determ ination of the am ount present. 
In  co-operation w ith the proper .physical division a chem ist is 
a t  w ork on this problem.

A nother has worked in co-operation w ith the heat division of 
the bureau in the preparation of the pure m aterials for calori- 
m etric com parisons, of which I have a lread y jnade mention.

T his la tter research is closely related to another, nam ely, 
th at of determ ining the heats of com bustion of m ethane and 
ethane, ethylene and acetylene, carbon m onoxide and h yd ro
gen, which are needed as fundam ental constants for a study 
of the calorim etry of illum inating gases. T he above-nam ed 
substances m ust be prepared in a  state  of great p u rity  and for 
their com bustion large quantities of very  pure oxygen  are 
needed. One chem ist in co-operation w ith  our very  efficient 
glassblower has devised a  generator for oxygen  and hydrogen 
consisting of nine cells. T he electrodes are of wrought iron 
and are separated b y  a  glass bell-jar. T he electrolyte is caustic 
soda of 20 per cent, strength. T he cells arc e lectrolytically  
in scries and the current used about 20 amperes. W ith this 
current the yield of oxygen  is about 47 liters per hour. The 
gas is passed through a  platinized quartz tube tw o meters 
long, then through tw o towers filled w ith solid potassium  h y 
droxide, then through a soda-lim e tower, and finally  through a 
calcium  chloride tower. The gas is then compressed into 
cylinders a t 100 atm ospheres pressure b y  a  special m ercury 
piston pump. I t  is expected th at the bureau w ill, in future, 
draw  its  supply of oxygen  and hydrogen from this source.

A  com prehensive co-operative study of underground elec
trolysis and corrosion is to be started this year and for this the 
services of tw o chem ists w ill probably be needed.

F inally, a  long investigation, still unfinished, is the deter
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m ination of the atom ic w eight ratio  between bromine and h y 
drogen. T his research form s a  logical extension of th at a l
read y done a t  thé bureau b y  Drs. W . A. N oyes and H . C. P. 
W eber on the ratio between chlorine and hydrogen, a  work 
th at w as crowned some tim e ago b y  the award of the Nichols 
medal.

T h e  force of chem ists now em ployed num bered 13 on June 
30th, which num ber w ill be increased from  4 to 6 this summer, 
and probably b y  a  num ber of others. A t present the quarters 
are uncom fortably crowded, bu t before the summer is over 
additional room w ill be provided to accom m odate 17 or 18 in all.

There is  a  w eekly  journal m eeting for the chemists, also cer
tain courses of lectures and laboratory w ork to aid those who 
desire to  take advanced u niversity  degrees. T his la tter work 
is done out of office hours and is accepted b y  some universities.

In  the foregoing I have endeavored to outline in the briefest 
possible m anner the character o f the chem ical w ork done a t the 
bureau. Y o u  w ill see th at it is most varied and th at adm inis
tration and correspondence m ust necessarily m ake such large de
m ands on m y own tim e as to  leave little  for direct experim enta
tion. T h e m ost th at I can hope to do m ust be a t  odd moments, 
b u t it  is m y hope and w ish to  be able to exercise direct super
vision over the more exact analytical work, so far as this falls 
in line w ith  m y personal acquaintance.

T h e bureau will, before long I hope, do its  full share in the 
w a y  of publication to  forward the science of chem istry both 
practica lly  and theoretically. B u t the bureau is y e t youn g 
and so are m ost of its  chemists. H ence active publication 
from  the start is not to be expected, for unusual care m ust be 
taken lest w ork of doubtful value shall em anate from an in
stitution  which should be w h at its  nam e implies, a  B ureau of 
Standards. It is too m uch to hope th at this w ill never happen, 
bu t m y aim w ill be to keep it  a t a  minimum.

N O TE S AND C O R R E SPO N D E N C E ..

NOTE ON TH E V O L A T IL IT Y  OF COCAIN.

W hen cocain residues ./ere dried in a  covered dish heated 
over the steam  bath  or a t 1000 C. in a  drying oven, it w as noted 
th at a  solid film soon collected on the covcr. T his sublim ate 
w as frost-like in appearance, insoluble in w ater, and on further 
exam ination w as found to consist o f cocain. T he fact th at this 
body is volatile  a t io o °  is im portant in connection w ith  analytical 
work, if the analyst expects to heat a  residue after the solvent 
has been evaporated, and a  caution to this effect would not be 
out of place in the pliarm acopeial directions for assaying coca 

leaves.
T w o cocain residues were tested b y  heating first for seven 

hours over a  steam  bath and then for seven hours in an oven at 
io o ° C .,  the weights being 0.0131 gram  and 0.0x21 gram , the 
dish in the case o f the first sam ple being open to the air and the 
second covered w ith  a  w atch glass. A t the end of the first 
stage of the experim ent th ey  weighed respectively 0.0108 gram 
and 0.0104 gram  and a t the end of the second stage 0.0083 
gram  and 0.0089 gram . There seemed to be p ractica lly  no 
difference in the proportional loss w hether the dish were covered 
or not.

A  cocain residue heated several hours in a  drying oven at 
tem peratures of 60 °, 800 and 900 suffered no loss in weight, 
and when heated to 98° there w as on ly a  slight loss though there 
w as considerable sublim ation upward on the w alls of the dish.

I t  w as evident from  the observations th at the last portions 
o f the solvent should be evaporated as rap id ly  as possible from  
a  cocain residue, using a  blast; and th a t the residual m aterial 
should be dried cautiously, not over 900 and for safety  should be 
brought to a  constant w eight b y  drying over sulphuric acid.

H . C. F u l l e r .

NOTE ON D R . B A C K E ’S INVESTIGATION OF M ALTOL AND 
ISOM ALTOL.

Editor Journal of Industrial and Engineering Chemistry:

Since the publication of m y short paper on " A  Source of 
Error in the Exam ination  of Foods for S alicylic  A cid ,”  which 
w as sent you  Septem ber, 1909, and appeared in this Journal for 
January, 1910, it has com e to m y notice th at a com m unication 
relatin g to the same source of error was published b y  Dr. Arnold 
B ack e in Annales des falsifications for Novem ber, 1909, and Dr. 
B ack e has recen tly informed me b y  letter th at the experim ents 
upon w hich his com m unication w as based were m ade in Ju ly 
of last year. Since m y own experim ents were m ade the month 
following, I beg space to acknow ledge the p riority  of Dr. B acke’s 
w ork on this point over m y own, and also to call atten tion  to his 
more recent papers,1 in which he discusses the isolation and 
properties of the substances to  which the interfering reaction is 
due. H . C. S h e r m a n .

A C C U R A C Y  IN SAM PLING.

Editor Journal of Industrial and Engineering Chemistry:

On the appearance of Mr. B a ile y ’s paper on " A c c u r a c y  in 
Sam pling C oal” 3 I gave it considerable study. B y  the tim e I 
had arrived a t  m y conclusions in regard to it, interest, judging 
b y  cessation of correspondence, had waned. I therefore hesi
tated  to publish m y views. T he recrudescence of Mr. B ailey ’s 
paper in th at of Mr. F . B. Porter,3 however, seems to w arrant 
calling attention  to some errors in the former. Mr. B ailey  
began his paper b y  com paring some results obtained in the
A . D. L ittle  L aboratory  w ith  the results tabulated on pp. 28 1- 
284, Professional Paper No. 48, U . S. Geological Survey. T his 
tabulation led Mr. B ailey  into an error w hich m ay best be e x 
plained b y  a  concrete instance. 4833 tbs. of an Iow a coal were 
sam pled and analyzed. T his lot showed 20.70 per cent, ash, 10986 
tbs. from  the same carload showed 16.04 Per cent, ash, 12000 tbs. 
showed an ash of 14.46 per cent. O f course, the proper w a y  to 
obtain an average analysis is to m ultip ly each analysis b y  the 
w eight of the coal which it  represents, add the products and 
divide b y  the total w eight of coal. C alculated in this manner 
the coal in question showed 16.17 per cent. ash. T he carload 
from w hich these portions were taken w'as sampled as a  whole 
and showed 15.22 per cent. ash. T he best value availab le  for 
this coal is an average of the tw o figures, 15.69 per cent., and the 
error due to sam pling is 0.47 per cent. In  the averaging of the 
Geological S u rvey  the figures were averaged, as m uch w eight 
being allowed to the analysis representing 4833 tbs. as to  the 
analysis representing the carload. C alculated in this w a y  the 
average w as 16.60 per cent., and the difference betw een th at 
figure and 20.70 per cent., or 4.10 per cent., Mr. B ailey  con
sidered error.

R ecalculating this tabulation the m axim um  error is 1.16 per 
cent, and on ly 5 analyses out of 34 show an error greater than
0.7 per cent. I t  is probable th at these higher errors would 
disappear if  w e could trace a ll the coal involved, bu t as it  stands 
the m axim um  error is m uch less than th at of the com m ercial 
laboratory as m ight reasonably be expected from  the favorable 
conditions under which the governm ent chem ists worked. 
W hereas Mr. B ailey  thought the governm ent error w as more 
than tw ice as large as the other.

Mr. B ailey  closes his comparison of these tw o sets of figures 
w ith  the following statem ent:

“ A s this d ata  follows the probability curve very  closely, the 
form ula for probable and possible error can be safely  applied 
in determ ining the reliability o f different m ethods of sam pling.”  

E ven  if Mr. B ailey  had substantiated his form ulae b y  correct 
figures there would be good reason to be suspicious of them on a 

1 C om pt. rend .. 150 , 540 and 151 , 78.
! T in s  J o u r n a l , 1 , 161 (1909).
» Ib id . .  2 , 148 (1910).
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priori grounds, for, as N em st and Schoenfliess put it, “ w e can 
w ith certain ty  regard A x  (the error) as a  small am ount, other
wise the whole measurem ent would be illu sory”  or as another 
w riter puts it “ there are no large errors;”  th at is, the m ethod 
of least squares is not applicable where errors are large. The 
errors in Mr. B ailey 's large _table of analyses run up to almost 
40 per cent, of the to al ash. These are large errors and conse
quently the so-called probable error does not com ply w ith  the 
definition, which is " in  an y  series of errors the probable error 
has such a  value th at the num ber of errors greater than it  is 
the same as the num ber less than it. Or, it is an even wager 
th at an error taken a t random w ill be greater or less than the 
probable error.”  O f 193 analyses I I I  are greater than Mr. 
B ailey 's  calculated probable error and 82 less. The form ula 
for possible error is, except for the constant, the same as th at 
for probable error and m ust likewise be rejected.

A t the tim e of the appearance of the paper I suggested to Mr. 
B ailey, in private correspondence, th at 1300 experim ents were 
insufficient to dem onstrate the theory of probabilities. Mr. 
B ailey  replied that the sm oothness of the curve obtained, was 
good evidence th at the experim ents w ere sufficient. In  the 
paper Mr. B ailey  describes the curve as being like a  parabola, 
but the points determ ined do not fit into the equation for the 
parabola and calculation shows th at the curve is, in fact, a 
broken line. Furtherm ore, the figures obtained prove them 
selves inadequate. V ary in g  num bers of pieces of whitened 
coal were sent over the riffle sampler. The pieces found on the 
right side of the m achine were counted. E ach set w as sent a 
few  hundred tim es. W hen four pieces were used the m axim um  
num ber found w as four; the minimum none. When eight were 
used the m axim um  num ber w as eight, the minimum one; when 
sixteen were used the m axim um  was tw elve the minimum 
three. Judging from the experim ents w ith  eight pieces i t  m ight 
be supposed th at the m achine w as untrue and threw to the 
right b u t the n ex t experim ent showed that this was not the 
case. T h e experim ents were obviously inadequate.

A  few  simple experim ents w ill give an idea of the difficulty 
of proving the theory of probabilities.

A  coin w as tossed 50 tim es and came up heads 26 times, 
tails 24 times, and a t no tim e were the heads and tails equal.

A  die w as thrown 96 times, the faces came up as follows:
F a c e ......................................  1 2  3 4 5 6
T im e s ....................................  13 18 12 9  26 18

I have a t  m y  disposal a record of 9000 poker hands actu ally  
dealt.

T h eory  dem ands th a t 50.12 per cent, of the hands should have 
been worthless, whereas 51.42 per cent, w as the figure actu ally  
obtained.

A  consideration of these figures and of the greater com plexity 
of the riffle sam pler problem s m ake it  evid en t how 1300 experi
m ents m ust be.

In  conclusion I wish to protest m ost vigorously against the 
phrase "  size-weight per cen t.”

T h e  on ly excusc for the coinage of a  new word or term is the 

birth of a  new  idea.

T here is absolutely  no idea intended to be conveyed b y  this 
phrase which is not entirely covered b y  the one word size. 
S ize  m ust, of course, be expressed in regard to som ething else 
and Mr. B ailey  had a  perfect right to express the size of his 
largest pieces in percentages of his sample before dividing, 
and w ith this word o f explanation the cum brous phrase might 
have been avoided together w ith  the numerous explanations 
which it required.

Mr. Porter says th at there is a  prevalent idea th at the larger 
the sam ple and the sm aller th e pieces the better. T his is more 
than a  prevalent idea, it is a  fact. B oth gentlemen have done 
well to emphasize this fact; bu t th at they have shown any

relationship w hich can be expressed in a  m athem atical equa

tion, can not be m aintained. F r e d . C. W e i,d .
L o w e l l , M a s s .

E X PL O SIB IL IT Y  OF COAL DUST.

T h e recen tly  created Federal Bureau of Mines has ju st issued 
a  bulletin on the explosib ility  of coal dust, w ith  chapters by  
J. C. W . Frazer, A xel Larsen, F rank H aas and Carl Scholz. 
The bulletin was prepared b y  the Technologic Branch, of the 
U nited S tates Geological S urvey, which is now a  part o f the 
B ureau of Mines, and therefore will be known as Geological 
S u rvey Bulletin  425, but will be distributed b y  the Bureau of 
Mines. T h e author of the bulletin, George S. R ice, chief mining 
engineer of the Bureau, goes fu lly  into one of the most serious 
and m ost perplexing problems th at the coal mines have had to 
contend w ith  in the last few  years. H e traces the grow th in the 
belief in the explosib ility  of coal dust, sum m arizes the experi
m ents and mine investigations th at have established this belief 
and gives the present status of preventive measures.

In  the introduction, Mr. R ice says: “ O n ly w ithin com 
p aratively  few  years has the dry dust of bitum inous and lignitic 
coal been generally recognized as an explosive agent more 
insidious, threatening and deadly to the miner than firedamp. 
Firedam p carries its own flag of warning— the 'c a p ’ in the 
safety lam p— but coal dust, though visible, does not attract, 
attention  until present in large quantities. Firedam p is of 
local occurrence and except in notable and v ery  exceptional 
cases is controllable b y  careful m anipulation of the ventilating 
currents. I f  b y  mischance a  body of firedam p is ignited in a  
mine, the force of the explosion is terrific, bu t the effect is 
localized unless d ry  coal dust is present, or unless (as it  very  
rarely happens) an explosible m ixture of m ethane gas and air 
extends through large areas o f the mine. In  a  d ry  mine dust 
accum ulates everyw here, and the blast from  the ignition and 
com bustion o f bitum inous dust m ay traverse miles of rooms 
and entires and w reck structures a t the entrance of the mine. 
The com parative potential destructiveness of gas and of b itu 
minous dust is strikin gly shown b y  the history of the P en n syl
van ia  anthracite  mines. These mines not infrequently have 
large inflows of gas, and the resulting m ixtures of gas and air 
have som etim es been ignited, y e t no such wide sweeping e x 
plosions have taken  place, despite the presence of dry anthra
cite dust, as have happened in excellen tly  ventilated b itu 
minous mines.”

Mr. R ice review s the experim ents into the explosib ility  of 
coal dust in foreign countries and dwells a t considerable length 
upon the a ttitu d e taken in France b y  the engineers, who, until 
the great disaster a t  Courrieres in 1906, which cost 1,000 lives, 
did n ot believe th at coal dust would explode w ithout the presence 
of firedam p. Since th at terrible disaster a  testin g station  has 
been established in France and now the French engineers are 
fu lly  convinced of the dangers of coal dust.

“ T he coal dust question in this cou n try ,”  continues Mr. 
R ice, " c a n  n ot be said to  have awakened wide-spread interest 
am ong m ining men until the terrible disasters of December, 
1907, w hich resulted in the death of 648 men. In  response to  a  
dem and b y  those interested in coal m ining throughout the 
country, Congress, in 1908, m ade an appropriation for the in
vestigation  of mine explosions. T h e U nited S tates Geological 
S u rv ey  w as charged w ith  the investigation. A  testing station 
w as a t  once decided upon and w as established at Pittsburg, Pa.

“ W hile it  is probable th a t for several years the leading mining 
men in the cou ntry have believed in the explosibility of coal 
dust w ithout the presence of firedamp, y e t until the public 
dem onstrations were given a t the testing station at Pittsburg, 
during 1908-09, and reports were received of similar tests 
made abroad, a  large proportion disbelieved. These tests were 
so convincing to  those who saw them , and such general pub
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lic ity  has been given to them , th at it  is now exceptional to  find 
a  m ining man who does not accept the evidence of the ex- 
plosibility of coal dust. The question of the d a y  no longer is 
‘ W ill coal dust explode?’ bu t 'W h a t is the best m ethod of pre
venting coal dust explosions?' ”

T h e following are some of the ten tative  conclusions of Mr. 
R ice on the dust problem:

“ T h a t coal dust will explode under some circum stances, both 
in the presence of firedam p and w ithout it, is now generally 
accepted b y  m ining men. T he w riter fu lly  agrees w ith  this and 
takes the following view s of the explosib ility  of dust and the 
conditions necessary for explosion.

“ Experim ents a t P ittsburg indicate that under ordinary 
conditions the dust m ust be from coal having a t least about 
10 per cent, of volatile  com bustible m atter, though in certain 
foreign experim ents, it is claim ed explosions were obtained with 
charcoal dust.

“ D usts w ith  higher percentages of volatile com bustible 
m atter are more sensitive, ash, m oisture contents, and size being 
constant. T his view  is based p artly  on the prelim inary ex
perim ents a t P ittsburg and on the results of experim ents of M. 
T affanel and other foreign investigators. W here there is a  
large am ount of dry coal dust, judgin g from the P ittsbu rg  ex 
periments, a  hum id atm osphere has little  effect on ignition of 
dust or propagation of an explosion. A  long continuance of the 
hum id conditions renders the coal dust m oist and inert, b u t the 
presence of moisture in the air at the m om ent of explosion is not 
sufficient to prevent an explosion; th at is, not enough moisture 
is carried b y  the mine air to reduce m aterially  the tem perature 
of the flame. F u lly  saturated vapor a t 6 50 F., an ordinary 
mine tem perature in this country, weighs 6.78 grains per cubic 
foot (15.5 gram s per cubic m eter). Coal dust suspended in 
such a  saturated atm osphere in a  cloud of m oderate density 
weighs, say, 200 gram s per cubic meter. A t  the figures given 
the w eight of vapor is but 7.8 per cent, of the w eight of dust. 
T he P ittsbu rg  experim ents w ith w etted dust showed th at several 
tim es this percentage of moisture in the dust, in addition to a 
nearly saturated atmosphere, was required to  prevent propaga
tion.

“ Probably w ith  a  low dust density, the re lative  hum idity of 
the air would be an im portant factor in tending to prevent the 
initiation of an explosion. H owever, the great purpose of 
artificially hum idifying mine air is th at it m ay serve as a  vehicle 
for carrying w ater to the dust.”

Mr. R ice concludes b y  review ing the various remedies th at are 
offered for the coal dust problem, giving the good and bad points 
of each.

T his bulletin m ay be obtained b y  addressing the director of 
the Bureau of Mines, W ashington, D. C.

B O O K  REVIEW S AND N O T IC E S.

Chemische Technologie der Neuzeit. Liefering, 1, 2, 3. Edited 
by  Dr. O tto Datnm er with the cooperation of 49 experts. 
S tu ttgart: Ferdinand Enke, 1910.

The volum es on chem ical technology which are being pub
lished under the editorship of Dr. D am m er, to com plete and 
bring down to date his large five-volum e work issued 1895-1898, 
are excellent. Three volum es w ill com plete the w ork which 
has the title  “ Chemische Technologie der N eu zeit." A  few 
sins of omission m ay be charged against the chapters which have 
thus far appeared, bu t these are easily excused in consideration 
of the difficulties in the w ay of securing authentic, accurate 
detailed inform ation concerning m odem  chem ical industries and 
processes. T his w ork represents b y  far the best a ttem p t which 
has ye t been m ade to give the student and reader accurate 
inform ation in regard to the recent developm ents in the field of

applied chem istry. In connection w ith  the five volum es of 
D am m er’s “ H andbuch der Chemischen Technologie”  th ey con
stitute  an invaluable aid to the student of industrial chem istry. 
T he subjects thus far treated arc: w ater, liquid air, ozone, 
hydrogen, sulfur, selenium, carbon bisulfide, carbon tetra
chloride, sulfur chloride, thiosulfates, hydrosulfites, sulfurous 
acid, sulfites, sulfuric acid, S tassfurt salts, salt, soda, sodium 
sulfate, hydrochloric acid, chlorine, calcium  chloride, potash, 
saltpeter, n itric acid, air nitrates, ammonia, iodine, fluorine, 
carbon dioxide, cyanides, borates, phosphorus, the alkali 
earth salts, aluminium salts, artificial precious stones, rare 
earths and glow-lights, electric glow-!ights, peroxides, carbides, 
silicides and explosives.

Van Nostrand’s Chemical Annual. B y  J o h n  C. O l s e n .

Second issue, 1909. Cloth, 121110. pp. vi 4 - 580. New
Y o rk : D. V an N ostrand Co., 1909. Price, S2.50 net.

In the second issue of this well-known book of tables the 
pages have been increased from 496 to 580— those devoted to 
chem ical and other tables from 415 to 465; the rest of the in
crease is in the pages devoted to the review  of chem ical litera
ture. T he frontispiece of the book is a  portrait of Mendelćjeff 
and on a  flyleaf there is given a  sketch of his life. The tables 
have been used b y  a large num ber of chem ists since the first 
issue w as published and have been found accurate. T he table 
for sulfuric acid b y  Ferguson and T alb ot adopted b y  the M anu
facturing Chem ists’ Association of the United States is included. 
I f  a n y  suggestion were to be made it would be for a  more com pact 
form w ith thinner paper and flexible cover for the n ext issue 
of the annual.

Fuel and R efractory M aterials. B y  A. H u m b o l d t  S e x t o n .

N ew  and R evised Edition. 121110. pp. x  4 - 364. New
Y o rk : D. Van Nostrand Co., 1910. Price, $2.50 net.

T h e changes in the present edition are chiefly in the chapters 
011 gas producers, pyrom etry and coke ovens. In  describing 
modern plant and apparatus it  has been found necessary in 
order to save space and also because of lack  of interest in the
older form s to om it m any of these. T h e chapters are: 1,
Com bustion; 2, H eating Pow er of Fuels; 3, Fuels, W ood, Peat, 
Coal; 4, Solid Prepared Fuels; 5, Coal W ashing; 6, L iquid  Fuels; 
7, G aseous Fuels; 8, R ecovery  of B y-Produ cts; 9, Furnaces for 
M etallurgical Purposes; 10, Furnace Operation; 11, Pyrom etry; 
12, Calorim etry; 13, U tilization  of Fuel; 14, T estin g Fuels; 15, 
R efractory  M aterials, B ricks, Crucibles. A s the table of con
tents indicates, p ractica lly  all of the book is devoted to fuels 
and furnaces and a sm all part on ly to refractories. There are 
104 well selected illustrations representative for the m ost part 
of English design and practice. Under calorim etry P arr’ s 
calorim eter is om itted. I11 general an excellent textbook 
brought nearly down to date.

T he Bureau of Standards has issued tw o circulars of the 
greatest interest to chemists. Circular No. 25 is entitled “ Stand
ard Analyzed Samples— General Inform ation.”  T his bulletin is 
published for the general inform ation of those interested in 
standard analyzed samples; it  is divided into the following 
parts: Introduction, Function of S tan dard A nalyzed Sam ples, 
H istory of Bureau of Standards’ Sam ples, T he Choice of S tan d
ard M aterials, Preparation of M aterials, Uses of Standard 
Samples, General Considerations, Standard A nalyzed Sam ples 
issued or in preparation, Sum m ary of Analyses, O rdering and 
Shipping. Under the head of “ Uses o f S tandard Sam ples”  the 
circular states: “ T he principal uses o f the bureau’s analyzed 
samples appear to  be as follows: F irst: In the settling and
avoidin g of disputes betw een buyers and sellers. Such dis
putes very  frequently arise through the selection of inappropriate 
or fau lty  m ethods of analysis b y  one of the chemists, and the 
analysis of a  standard m aterial usually brings these to light
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before the case comes to court. Second: In  standardizing
volum etric solutions; for exam ple, the determ ination of sulphur 
and manganese in iron and steel; iron ores are used for establish
ing the iron standard for perm anganate or bichrom ate solu
tions, from which the standards for most other titrations are 
calculated. Third: A s m aterial for trying out new methods.
T h e use in this connection is obvious. F ourth: A s practice
m aterial for new and inexperienced chemists. T h ey  have 
quite an extended use in universities in this connection.”  A  
list of th irty-seven samples already issued or in preparation is 
given together w ith prices.

Circular No. 26 is entitled “ Analyzed Iron and Manganese 
Ores— Methods of A nalysis.”  T h e following are the contents of 
this circular: I, Introduction; M ixing, D ryin g,’ Reagents,
A pparatus. II, M ethods of A nalysis a t  the B ureau of S tan d 
ards; Silica, Phosphorus, Alum inum , Titanium , Standardiza
tion of Perm anganate Solutions, Iron, A vailable O xygen, M an
ganese, Lim e, Magnesia. I l l ,  M ethods used b y  other analysts; 
Com m ercial chemists. W orks chemists, Mine chemists.

SC IEN TIFIC  AND INDUSTRIAL S O C IE T IE S .

DIVISION OF PH A R M A C E U TIC A L CHEM ISTS, AM ERICAN 
CH EM ICAL SO CIETY.

S a n  F ra n c isc o  M eetin g , J u ly  16, 1910.

In the absence of the Chairm an the Secretary requested Dr. 
H. E. Barnard, of Indianapolis, to preside over the meeting. 
T h e  custom ary reading of the m inutes w as followed b y  the 
report of the treasurer and Com m ittee on Q uantitative Methods. 

T h e follow ing papers w ere read and discussed:
A lbert Schneider, “ T h e Relationship of the M icroscopical 

and Chem ical A nalyses of V egetable Drugs, Foods and Spices.”  
W . A. Pearson, “ A safetida.”
B . L . M urray, “  E lectro lytic  D eterm ination of M ercury in 

the M ercury S alts of the Pharm acopoeia."
E . K . Nelson, "C ap saicin , the Pungent Principle of Capsi

cum .”
E . K . Nelson, “ T he D etection of Capsicum .”
H . C. Fuller, " N o te  on the V o latility  of Cocain.”
H . C. Fuller, “ Separation and Determ ination of Cocain and 

S trychn in  and of Atropin and Strychnin  when th ey Occur 
T ogether.”

Dr. F . K lein , “ New T ests .”
G. H. P . L ich thardt, “ Identification of Caram el.”
L . A. Brow n, “ D eterm ination of A cid ity  in H ydrogen Per

oxide.”
Follow ing the ideas brought out b y  Prof. Schneider in his 

paper a m otion w as passed as follows: M oved th at the chairm an
and executive com m ittee, after consulting w ith  the D ivision of 
A gricu ltural and Food Chem istry, consider the question of 
appointing a com m ittee on m icro-analysis, w ith power to appoint 
such a  com m ittee if advisable. T he idea of this w as to a ttract 
m icro-analyst to  the ranks of this division.

B . L- M u r r a y .

D IVISION OF A G R IC U LT U R A L AND FOOD CH EM ISTRY OF 
T H E  AM ERICAN CH EM ICAL SO CIETY.

S a n  F ra n c isc o  M eeting , J u ly  15 a n d  16. 1910.

T h e session on F rid ay  morning, Ju ly  15th, w as devoted to an 
inspection of the Laboratories a t  the U n iversity  of California, 
B erkeley, Cal. In  the absence of the Secretary the reading of 
the m inutes w as om itted and E. F . Lad d  w as appointed to  act 
as Secretary, pro tern.

The m eeting on S atu rd ay  was held in the Green Room  of St. 
Francis H otel, San Francisco, and w as called together b y  G. E. 
Colby. T he following papers were read:

C. A. Browne, “ T he Saccharim eter Scale and the Means for 
its  Verification.”

C. A. Browne, " T h e  Norm al W eight of D extrose.”
H. H. Bunzell, “ The Role of H ydrogen Peroxide in the 

Oxidation of Pyrogallol b y  the System  H 20 2-Peroxidase.”
H . E . Barnard, “ The Influence of the Ingestion of Spices 

upon the E xcretion  of H ippuric A cid.”
H . W . W iley and J. A. LcClerc, "E n viron m en tal W ork on 

W heat.”
J. A . LcClerc and J. F . Breazeale, "T ran slocation  of P lan t 

Foods and the E laboration of P lan t M aterial during the G er
m ination of W heat.”

P. L. H ibbard, “ Tim e F actors in D eterm ination of Nitrogen, 
and O ther O bservations on the K je ldalil M ethod.”

G. W . Shaw , " E ffe c t  of Environm ent on the Com position of 
W heat.”

J. A . LcClerc and B . R . Jacobs, "H ig h  Protein B read.”
Dr. E . W. H ilgard, "U nification  of Chem ical Soil A n alysis.”  
T h e following papers were read b y  title  only:
G . O. H igley, “ T h e R elation of Carbon D ioxid Excretion to 

B o d y  W eight.”
G . O. H igley, “ T h e Carbon D ioxid Excretion  as Modified by  

Barom etric Changes.”
R. E . Swain, “ T he Physiological A ction of Thallium  S alts  as 

Shown b y  the N itrogenous M etabolism .”
R . E . Swain, “ T he U tilization  of Starch Introduced D irectly 

into the Circulation.”
E- M. Chace and A. R . Albright, “ The Detection of Lem on Oil 

in Orange O il.”
C. E . B radley, “ T he Reactions of Lim e and G ypsum  on Some 

Oregon Soils.”
R . S . H iltner, “ C itral in Lem on Oils and E x tra cts .”
J. B . R ath er and G. S. Fraps, “ T he Com position and D iges

tib ility  of the E ther E x tra ct of Cow pea H a y .”
F . C. Cook, “ T he D estruction of Invertase Solutions in the 

Absence of a  Preservative.”
F . C. Cook, “ T he D estruction of Invertase Solutions by  

S h akin g and b y  the E lectric Current.”
E dw ard B artow  and B . H . Harrison, “ D eterm ination of 

A m m onia Nitrogen in W ater in the Presence of H ydrogen 
Sulfide.”

Edw ard B artow  and C. E . Millar, “ E x te n t and Com position 
of the Incrustation  on F ilter Sands.”

Chas. B . B ennett, “ A  N ote on the H ypoxanthine of M eat.”  
Alfred N . Cook, “ T h e R elative  T o x ic ity  of Substances Found 

in Foods.”
M. E . Jaffa, “ R6sum6 of the W ork 'o f the Californiaj|State 

Food and D rug L ab o rato ry .”
Louis H . Jackson, “ T estin g for Saccharin.”
W aldeinar K och, “ Q u an titative  Chem ical A nalysis of Anim al 

T issue: V . Estim ation of Chlorine.”
M. M. M acLean, " A  Convenient D ryin g O ven.”
J. B . R ath er and G. S. Fraps, “ T he C onstituents of the W ax 

of Candelilla, or M exican W ax P lan t.”
P . A . Y oder, " A  Polariscopic M ethod for the Estim ation  of 

M alic A d d  and Its  A pplication in Cane and M aple Products.”
P . A . Y oder, “ N otes 011 the A cid C onstituents of Sugar Cane 

Juice and on M ethods for Their D eterm ination.”
C. L- Alsberg and O. F . B lack, “ Biochem ical and Toxicological 

Studies upon a  Num ber of Species of Penicillium .”

Charles L . Parsons, Secretary of the Am erican Chemical 
Society, spoke on T he M ethods of Securing Funds for P ro
m oting the W ork of the Division. A  motion was made by
H. H . B unzell to m ake an annual assessm ent of fifty  cents on all 
members of the Division of A gricultural and Food C hem istry 
for the purpose of defraying the expenses of this division.

T here were present a t the m eeting S atu rd ay  morning about 
fo rty  members. E . F . L a d d ,
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AM ERICAN INSTITUTE OF CH EM ICAL ENGINEERS.

r e p o r t  o f  c o m m it t e e  o n  c h e m ic a l  e n g i n e e r in g  e d u c a t io n .1

F . W. F r e r ic iis , Chairman.
■ Wm. M. B o o th . F. G. W iech m ann.

G e o . D. R o s e n g a r t e n . A. A. L . V e il l o n .

Circular letter No. 1 to the members of the Com m ittee on 
Chemical Engineering E ducation  of the A. I. C. E .

3828 W e s t m in s t e r  P l a c e , S t. L o u is , M o ., 

F e b r u a r y  4, 1910.

D e a r  S i r : T h e Com m ittee on Chem ical Engineering E duca
tion was created a t the P ittsburg m eeting December, 1908. 

It w as the result of a  general feeling which prevailed am ong the 
members of the A. I. C. E ., th at the course of education generally 
pursued b y  prospective chem ists a t the present tim e does not 
produce men who are prepared in the best possible w ay for 
practical w ork in the m anufacturing establishm ents of the 
U nited States.

A s chem istry is a  science which is most highly developed in 
Eutope, and especially in G erm any, it is natural th at the m ethods 
of education of chem ists in the U nited States, especially in post
graduate work, have been to a  large exten t copied from the 
m ethods adopted in that Continent. T his is more the case, 
since a large percentage of the older teachers of chem istry have 
been educated abroad. The highly developed chem ical in
dustries such as the coal-tar industries, the m anufacture ol 
artificial perfum es and pharm aceutical preparations, require 
chem ists of the highest theoretical education in organic chem 
istry, who, a t  the same tim e are satisfied to do actual w ork for 
long hours and for sm all salaries.

T his condition can obtain in Europe, since there is an abund
ance of chem ists trained for th at kind of w ork and anxious to 
m akr a  living. T his very  fact enables European m anufacturers 
to  exp ort these goods to  the U nited States, as long as the Am eri
can chem ist is not sufficiently protected b y  tariff laws. On the 
other hand, m an y European firms support large research labora
tories for the system atic developm ent of new processes and new 
articles. T h ey  can do so, since the cost of experim enting and 
the salaries of chem ists who can do research work, are com 
p aratively  low. If patents have been obtained in the United 
States, the goods are m ade abroad and im ported, and the 
Am erican chem ist is barred from the m anufacture of this class 
of articles.

A s long as our tariff and our patent law s are not im proved, 
there would not seem to be any hope th at such goods can be 
made successful' in the U nited States.

These conditions have caused the enormous growth of organic 
chem ical m anufacturers in Europe, and since a  very  large per
centage of all the chem ists find em ploym ent in this class of 
works, the courses a t European universities seem to be shaped 
to suit their special requirem ents. F or the student such a  course 
appears to be h ighly acceptable, since it  greatly  favors organic 
chem istry, which branch perm its of brilliant speculation, and is, 
therefore, m ost fascinating to  the beginner. Besides, it  coin
cides largely w ith the course which is m ost approved for the 
education of teachers of chem istry, and therefore prepares for 
professorships and for a large branch of a  specific chemical 
industry a t the same time.

F o r the universities it  m ay be no sm all consideration that the 
students w orking on their theses for the degree are welcom e 
assistants for the scientific work carried on in their laboratories.

AS an excuse for this, the rem ark is frequently heard th at 
every  student owes it to science to devote one or tw o years to 
theoretical work, even if he does not reap direct benefit from it.

I t  seems natural th at the scientific work, to which the in
dividual laboratories devote their efforts, more frequently  is 
guided b y  the personal liking of the professor in charge than 

1 From August, 1910, B u ll.  A m . I n s t.  Chem. E n g .

b y  the earnest desire to fit the student m ost effectively  for his 
chosen profession. N ow  the personal liking of the professors 
in charge would go, m ost probably, in the direction o f organic 
chem istry, in which th ey  can most easily become conspicuous, 
and therefore it  would seem th at a t  European universities the 
interests of all chem ical industries not needing a  specific kn ow l
edge of organic chem istry, are sacrificed to the interests of the 
specific organic m anufacturers, which have become of so v ita l 
im portance to the economic system  of European countries.

B lit from  those branches of m anufacture the Am erican 
chem ist is largely  barred, and for this reason his course of 
education ought to  be different from  th at of European chem ists 
in order to suit the requirem ents of his own country.

I t  is evident th at the Am erican student is in the sam e posi
tion as the European chem ist entering the great variety  of 
chem ical industries other than coal-tar products, artificial 
perfumes, and pharm aceutical preparations. It. m ight be well 
to recognize th at m an y experienced m anufacturers abroad do 
not consider the courses offered a t European universities to be 
the m ost desirable for this class of chem ists. T his feeling 
apparen tly  has been recognized b y  the authorities and has 
found its  expression in the inauguration of the degree of Engineer 
Chem ist a t polytechnic schools in G erm any.

Under these conditions, it would be of great benefit if the 
peculiar requirem ents could be pointed out, which would best 
fit the prospective chem ist to enter practical life in the U nited 
States. An expression of opinion com ing from the A. I. C. E., 
which em braces a  large body of practical men, would seem to 
have a  special value, and in order to crystallize  this opinion 
into a  definite form, the Com m ittee on Chem ical Engineering 
Education has been appointed.

I t  is thought th at the best course for the w ork of this com 
m ittee would be:

is t. T o  form ulate the opinion of this com m ittee in regard to 
the m ost suitable course of education for a  "ch em ica l engineer.”

2nd. T o subm it the opinion of the com m ittee to the entire 
membership for discussion b y  letter.

3rd. T o  subm it the result of this discussion to a general 
m eeting of the A. I. C. E. for final discussion and action.

If in this w a y  the opinion of the A. I. C. E. has been form ulated, 
it  m ay be subm itted to the institutions of learning in the U nited 
States, and the educators in these institutions m ight be induced 
to la y  out courses which are lik e ly  to produce the desired re
sults w ith the least o u tla y  of tim e and m oney on the part of the 
prospective chem ical engineers.

In  order to establish the opinion of the com m ittee on the 
m ost effective course of education, it  seems necessary first to 
define the m eaning of the term  "ch em ica l engineer.”

T he constitution of the A. I. C. E . in A rticle  I I I ,  Section i, 
defines the qualifications for a ctiv e  mem bership and from  these 
the intended m eaning of the term "ch em ica l engineer”  m ay be 
inferred.

In  A rt. I l l ,  Sec. i ,  Paragraph i.  our constitution provides for 
such candidates who have not had the opportunity of an early 
education, b u t who, as self-made men, have acquired b y  per
sistent work such a bility  in handling chem ical problem s as 
righ tly  entitles them to recognition as chem ical engineers. 
T h e A. I. C. E. in this paragraph pledges itself to recognize the 
work of a  true genius, independently from the w a y  in which it 
has been accomplished.

T he same seems to ap p ly  to candidates accepted under P a ra 
graph 2, who have had on ly the opportun ity to  acquire the 
degree of B .A .

Art. I l l ,  Sec. i, Paragraph 3, apparen tly  indicates the course 
of education which is thought to produce the average “ chem ical 
engineer.”  B u t even here the definition is som ewhat vague and 
evid en tly  induced b y  the feeling th at a  satisfactory understand
ing of the term  "ch em ica l engineer”  has not been established.
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A civil engineer who has specialized in w ater and sewage 
purification m ay be a  very desirable member of the Institute, 
and so m ay be the m echanical engineer who has specialized in 
power plant economics, and the architect who made sanitary 
installations a  specialty. B u t w ith  these branches of engineer
ing the stud y of chem istry is only of secondary consideration, 
and for this reason a  course of education would preferably be 
devised in every specific instance.

Som ewhat different is the study of electrical engineering, 
since e lectricity  is so closely allied w ith  chemical m anufacture 
that electrochem istry has become a  study by itself.

I t  would seem to be the education of the prospective chemist 
who is to hold the degree of B .S . in chem istry which comes 
under discussion by this com m ittee, since it  prepares the student 
for the science of chem ical engineering in its more specific sense. 
In order to sim plify the discussion I propose to confine, at the 
present, the w ork of the com m ittee to the education of chem ical 
engineers in this sense, leaving it to the pleasure of the com 
m ittee to discuss the other branches at a  later time.

In order to have a  basis for discussion, I introduce the courses 
of a  typ ical Am erican university, and shall ask a num ber of 
definite questions in order to learn the position of the m embers 
of this com m ittee in relation to the course of “ chem ical engineer
in g ”  offered b y  this university.

S Y N O P S IS  O F  T H E  C O U R S E  I N  C H E M IC A L  E N G IN E E R IN G .

F r e s h m a n  Y e a r .

F ir s t  T erm .
H o u rs  p e r  W eek.

S u b je c t R ec . L a b .. e tc .

E n g lish  C o m p o s itio n .....................................................  3
G erm an  G ra m m a r, o r  )  ^
F ren ch  J
T r ig o u o m e try .................................................................... 5 (9 w eeks)
A lg e b ra ................................................................................  5 (9 w eeks)
C h em is try  (G en era l D e s c r ip t iv e ) ............................  2 3
P h y s ic s .................................................................................  1 3
Draw ’ing , F r e e h a n d ......................................................................... 4
L e tte r in g ............................................................................................... 2

T o ta l,  14 12

Second  T erm .

E n g lis h .............................................................................  3
G erm a n , o r  \  ^
F ren ch  J ................................................................
A n a ly tic a l G e o m e try ................................................. 5
P h y s ic s ...................................................................   1 * 3
C h em is try  (G en era l D e s c r ip t iv e )........................  2 3
D ra w in g ................................................................................................  6

T o ta l.  14 12

S o p h o m o r e  Y e a r .

F irs t T erm .
G erm an  G ra m m a r, o r  1 ^
R e a d in g  in  M odern  F re n c h  J
D iffe ren tia l C a lc u lu s .................................................. 4
D esc rip tiv e  G e o m e try .............................  3
S o u n d . H e a t , O p tic s .................................................. 4
Q u a li ta t iv e  A n a ly s is ..................................................
M ach ine D ra w in g ........................................................

T o ta l ,  14

Second  T erm .

Q u a n ti ta t iv e  A n a ly s is  (G rav im e tric  an d
V o lu m e tr ic ) ..............................................................  1

S u rv e y in g .......................................................................  2
In te g ra l  C a lcu lu s ........................................................  3
S ta t ic s ..............................................................................  3
O p tic s ...............................................................................  3
A ssay ing  a n d  S to ic h io m e try ............................. .. . I

T o ta l.  13

12

J u n io r  Y e a r .

F irs t T erm .
H o u rs  p e r  w eek.

S u b je c t.  R ec . L a b .,  e tc .

O rg an ic  C h e m is try .........................................................  3
L a b o ra to ry  O rg an ic  C h e m is try ............................ 6
A ssay ing  a n d  S to ic h io m e try .................................... 1 3
Q u a n ti ta t iv e  A n a ly s is  (C om m ercia l a n d  I n 

d u s tr ia l  P ro d u c ts ) ................................................. 6
M in era lo g y .........................................................................  2 3
E le c tric a l M ach in e ry ..................................................... 3 f
M echan ics........................................................................... 3

T o ta l. 12 18

Second T erm .

O rgan ic  C h e m is try .........................................................  3
L a b o ra to ry  O rgan ic  C h e m is try ............................ 6
A d v an ced  Q u a n ti ta t iv e  A naly sis  (C om m er

cial a n d  In d u s tr ia l  P ro d u c ts ) ...........................  6
E le c tric a l M ach in e ry  * ...............................  3
M in era lo g y .........................................................................  2 3
D y n a m ic s  ................................................................  3
E lec trica l L a b o ra to ry ...............................................  3

T o ta l, 11 18

S e n io r  Y e a r .

F irs t T erm .
A d v an ced  Q u a n ti ta t iv e  A n a ly s is  (F o o d ,

W a te r , a n d  G a s ) .................................................... 6
P h y sica l C h e m is try .................................................... 1 3
In d u s tr ia l  E n g in e e r in g ............................................. 2
E c o n o m ic  G eo lo g y .....................................................  2 3
E n g in e e r in g  M a te r ia ls ..............................................  3
E co n o m ic s ......................................................................  2
B ac te r io lo g y ..................................................................  6
E n g lis h .........................................................  1

T o ta l, 11 18

Second  T erm .
A d v an ced  Q u a n ti ta t iv e  A n a ly s is  (F ood ,

W a te r ,  a n d  G a s ) .....................................................  6
S e m in a r ...........................................................................  1
I n d u s tr ia l  a n d  E n g in eerin g  C h e m is try   2
R e s e a rc h ........................................................  4
P h y s ic a l C h e m is try .................................................... 1 3
G eo d e sy ........................................................................... 1
E c o n o m ic  G eo lo g y .....................................................  2 3
H y d ra u lic s .....................................................................  3
E c o n o m ic s ..................................................   2
E n g lish ............................................................................. 1

T o ta l.  13 16

In the School of Engineering of this university a  regular high 
school education is required from entering students.

The degree of B.S. is conferred on the satisfactory completion 
of the four years’ work.

T he degree of Ph.D . is open, after not less than three years of 
residence and study, to all who have received the degree of B .S.

B y  glancing over the full engineering courses it will be found 
th at th ey are arranged on very  broad lines, so that specialization 
would not seem necessary before the Junior year. A t this time 
the student of chem istry would specialize, obtaining a t the end 
of his four ye ars ’ course the degree of B.S. in chem istry, being 
a t this tim e equally well prepared for post-graduate work in 
pure chem istry and in chem ical engineering.

If the graduate from the B .S. course desires to com plete his 
studies in pure chem istry, or if he desires to prepare himself 
better for practical work, he m ay take a  post-graduate course 
of three years’ study and obtain the degree of Ph.D .

H avin g explained existing conditions as I see them , I now take 
the liberty of asking the following questions:

1st. Is, in your opinion, a  chemist having com pleted a  four- 
year course as offered at this university  and possessing the 
degree of B .S . satisfactorily equipped to enter practical work? 

2nd. If question i is answered in the negative, can, in your
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opinion, a  four-year course be arranged in such a  w a y  th at a  
chem ist after its com pletion is satisfactorily equipped to  take up 
practical work?

3rd. If questions 1 and 2 are answered in the negative, can, in 
your opinion, a  four-year course supplemented b y  one year 
post-graduate w ork taken at the same university equip a  chem ist 
to be efficient for practical work?

4th. Are the post-graduale courses as offered a t Am erican 
universities, in you r opinion, the m ost effective courses which 
can be designed for the education of chem ical engineers?

5th. If question 4 is answered in the negative, w h at changes 
are, in your opinion, necessary to m ake the offered courses 
effective?

6th. A re the courses offered a t European universities and 
polytechnic schools, in your opinion, the m ost effective courses 
for producing chem ical engineers, fit for work in Am erican 
places of m anufacture?

7th. H ave you any specific suggestions for im proving the 
courses, which are offered at present b y  Am erican universities?

R espectfu lly  subm itted,
F . W . F r e r ic h s ,

Chairman.

A p r il  15, 1910.

Dk. F . W . F r Er ic h s , Chairman, Com m ittee on Chem ical E n 
gineering Education of the A. 1 . C. E., S t. Louis, Mo.

M y  D e a r  D o c t o r  F r e r ic h s :

I w ill give briefly m y view s upon the subject of chemical 
engineering education in answer to your circular letter of F ebru
a ry  4 th.

T he differences observable in the developm ent and practice 
of chem istry in Europe and the U nited States are very  well set 
forth in th at letter, and I agree w ith all your suggestions upon 
th at subject. I would add one further point of difference 
which, of course, springs from the same cause, and that is the 
larger scale of operations which w e find a lw ays m anifested in 
this country b y  great tonnage production. T his w ill continue 
to grow as a  m arked feature of our work. W hen one under
stands th at the genius of Am erica is m ost often applied to in
crease of production rather than to  refinement of products, it 
would seem to me to be a  corollary from this th at our students 
should be well trained in m echanics to m eet the demand which 
the world seems to put upon us to supply staples. T he typ e  th at 
we should in the future choose to im itate w ould be rather th at 
o f the m etallurgical engineer.

In answer to your questions, I would m ake the following 
statem ents:

1. No.
2. O n ly in case the prelim inary exam ination for entrance on 

the B .S . course is more severe than the present high-school 
graduation test.

3. Such a  course as last named, w ith  one year post-graduate 
course, would be adequate to properly equip a  chem ist.

'4 .  N ot a t all.
5. More devotion to problems tru ly  com bining theory and 

practice.
6. No.
7. I  m ay state  m y view s in general as follows:
F or a  course in chemical engineering, the best efforts should 

be spent in the beginning, either in the high school or in the 
first year of the B .S . course. A dvanced w ork should have been 
done in literature, philosophy, the nature of m atter and sub
stances, logic and m athem atics and advanced algebra. T he 
beginning of real scientific w ork should include m ost of w h at 
w e have to-day in such schools as the u niversity  whose course 
you have quoted and m ight be in four years as follows:

1st year. Physics, drawing, chem istry, m etallurgy, geom etry.
2nd year. Analysis, applied electricity, surveying, calculus.

3rd year. A dvanced m etallurgy, mechanics, organic chem istry.

4th year. Construction, theory, and design. M aterials, a c
counting, organic chem istry, physical chem istry, electrical 
chem istry.

F or a  doctor’s degree, tw o years' research in m etallurgy, 
process work, design, practical execution or economic studies.

In  general, I should say, th at if we could try  to grasp the 
genius o f European regard for deep stud y and com bine it w ith 
the Am erican genius for adaptation to a n y  conditions, no m atter 
how em barrassing, we would have produced a  result com bining 
the greatest strength and promise for the future.

Y o u rs sincerely,
C h a s . F . M c K e n n a .

M a r c h  3, 1910.
D r . F . W . F r e r ic h s , M fg. Chem ist,

3828 W estm inster Place,
S t. Louis, Mo.

D e a r  S i r :— Y o u r favor of F ebruary 5, 1910, du ly received.
In accordance w ith your request, I  herewith subm it m y 

answers to your questions, and m y suggestions in the m atter.
In  rep ly to your questions:
1. No.
2. No.
3. Yes.
4. I  am not sufficiently acquainted w ith  the different post

graduate courses now offered a t the Am erican universities to form 
an opinion.

5. M y answer to this question is im plied b y  m y answer to  No.

4-
6. A s far as m y lim ited knowledge as to  the courses offered 

a t  the European universities and polytechnic schools perm its me 
to fram e a  rep ly to this question, I would state  th at in m y  
opinion, the Polytech n ic H igh School a t Charlottenburg (Berlin, 
G erm any) offers the best a t the present time. T he degree 
granted upon com pletion of this course is D ocktor-Ingenieur.

7. M y rep ly  to this is as follows:
I would suggest th at there be demanded for entrance to the 

university  a  thorough knowledge of Germ an gram m ar and 
French gram m ar, and th at the a b ility  to read easy w orks in both 
languages, a t  sight, be required. T his would perm it the read
ing a t  sight in the first year of technical scientific text-books in 
Germ an and in  French.

I would further advise that.G erm an be thus taught in the first 
term  of the first year and French in the second term of the first 
year, ’or vice versa, as m ight prove m ost convenient to the de
partm ents in charge.

In the second year I would also assign one term to the study 
of Germ an and one term  to  the study of French, continuing and 
progressing along the lines followed in the first year, and in 
addition thereto, conferences on technical subjects in chem istry 
and physics, in these tw o languages.

I would also suggest adding to the first term ’s work, in the 
second year, the study of qualitative  analysis and stoichiom etry. 
In  the second term of the second year I would consider it to be 
an advan tage to om it the stud y of statics and to  replace the same 
b y  instruction in chem ical philosophy, and furtherm ore to com
plete the stud y of assaying in the second year.

In  the third year, first term, I w ould replace the stud y of as
saying, which would now  have been achieved, b y  the study of 
statics and mechanics, i. e., m echanics too, if th is could be 
arranged. I f  not, I  would have m echanics taught in the second 
term  of the third year.

In  the fourth year, first term, I would substitute for the stud y 
of bacteriology, the course of bo tan y 5 for b o tan y 7, and botany 
7 in the second term . In  the second term of the fourth year, I  
would om it the study of geodesy, which I do not consider neces
sary  for students in chem ical engineering.
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I  have not been able to give sufficient thought to  enable me 
to outline com pletely the courses of study which should be in
cluded in the post-graduate year for chem ical engineers, but 
proceeding upon the belief th at chemical engineering is essentially 
the adaptation  of laboratory processes to factory conditions, I 
believe th at these courses should include the study of theoretical 
and practical electrochem istry, the designing and laying out of 
factories and the stud y b y  each student of some one industrial 
process along the lines in which he m ight be especially interested; 
for instance, in the m anufacture of steel or of some other m etal
lurgical process, in the m anufacture and dyeing of textile  fabrics, 
in the refining of oils, in the refining of sugar, in practical ceram- 
ics and in the m anufacture of pharm aceutical products, etc., 
etc.

O f course, you  w ill understand th at these are m erely sug
gestions, and can as y e t be given only in a  ten tative  w ay. T h at 
the proposition before us is a large one and w ill require a  great 
deal of patient study, of course, I thoroughly appreciate.

W ith sincere regards,
F aithfu lly ,

F. G . W ie c h m a n n .

S t . L o u is , M o ., J u n e  j 8, 1910.

D r . F . W. F r e r ic h s ,

3828 W estm inster Place, S t. Louis, Mo.
D e a r  S i r : I shall try  to com ply w ith your request, to ex

press m y opinion on the subject placed before the Com m ittee on 
Chem ical Engineering Education b y  the A. I. C. E.

I  have carefully  read you r very  interesting circular letter of 
F ebru ary 4th, and w ill tr y  to answer the questions therein put 
forth as w ell as it  is possible for me, know ing bu t very  little  
about the conditions now existin g in Am erican institutions of 
learning.

Y o u  ask in you r letter to take as a  basis for the discussion the 
course of chem ical engineering subm itted w ith your letter. I 
m ust confess th at a fter having gone over the program of the 
subjects given in this course, I thought th at a  rather unfavorable 
exam ple of chem ical education in Am erica had been chosen, 
having reasons to believe th at the standard of chem ical educa
tion of several other Am erican universities and technical schools 
is b y  far higher than th at a t  the university  cited. On perusing 
the synopsis of chem ical courses of this institution, I w as con
fronted b y  the striking fact th at the w hole of the chemical 
education is in the hands of on ly three teachers, and m ost likely  
no one of the three has had a n y  practical experience in any 
branch of chem ical industry.

Considering the great d iversity  of the different branches of 
chem istry, it seems unlikely to me, to say  the least, th at effective 
teaching in all of these branches could be expected b y  such a 
sm all staff of teachers. In order to offer the opportunity to 
the student for thorough instruction in each one of the m any 
courses, the com bination of which constitutes a  com plete chem i
cal engineering course; it seems evident th at the teacher in each 
case should specialize in his branch. T his is true of course for 
every  line of study, b u t in our case more particularly so, es
pecially for the instruction in chem ical technology or industrial 
chem istry, where not on ly  specialization on the part of the 
teacher is param ount, b u t where it  is necessary also th at his 
knowledge be based on practical experience.

Question No. 1.
Answer. No.
Question N o. 2.
Answer. Y e s  and No. F ou r years should be a  sufficient 

tim e for the education o f a  chem ist, to m ake him fit to enter an 
industrial establishm ent, bu t all of these four years m ust be 
availab le  for courses in chem istry and those other branches of 
knowledge necessary for the prospective chemical engineer. A 
sound general education m ust precede such a four years’ course. 
This does not seem to be the practice followed in institutions

such as the one whose course is quoted, where a large part of the 
four years are devoted to topics of general educational character. 
In this connection, the question n aturally  arises, A t w h at age 
should the special training of the student for chem ical engineer
ing begin? I do not feel qualified to  m ake recom m endations 
in this direction, not being sufficiently acquainted w ith  the 
conditions in Am erican gram m ar and high schools, bu t I venture 
to say  th at it can hardly be expected th at a  youn g m an’s general 
education could be rounded off before the age of 19 to 20 years. 
A t this age, however, sufficient knowledge can have been ac
quired b y  the average student to m ake him fit to take up special 
studies.

I t  goes w ithout saying th at during these years o f special 
Studies opportunity m ust be given the student to follow  courses 
.of his own choice, not necessarily embodied in the program 
of the chem ical engineering course. I f  this is done, the danger 
of unilateral professionalism can be satisfactorily met.

Question No. 3.

Answer. I f  a  four years’ course is m ade effective, as outlined 
iii m y answer to question 2, post-graduate work should not be 
considered an absolute necessity, although it can but be bene
ficial. If, however, a  four y e ars ’ course comprises, besides 
chem istry, instruction in general educational topics, a  post
graduate course of a t least one or tw o years becomes a  necessity.

Agreem ents should exist between institutions of the same 
grade, which should enable the student to follow a  post-graduate 
course in the institution which offers the best opportunities for 
the particular line of w ork which he has chosen.

Question No. 4.

Answer. N ot being acquainted w ith the character of post
graduate courses offered a t Am erican institutions, I do not feel 
qualified to  express an opinion on this question.

Question N o. 5.
Answer. Conditional for effective post-graduate courses is a 

thorough preparation for such w ork in the form of a  course of 
chem ical engineering which in itself should equip the average 
student w ith  the necessary knowledge to enter chem ical in
dustry.

Question N o. 6.
Answer. In answering this question, I can be guided b y  the 

exam ple of the university  chosen for comparison, and in this 
case I consider chem ists from European polytechnic institutions 
by  far better equipped even for Am erican m anufacturing plants 
than chem ists having followed a  course as such given a t th is 
university, even if th ey  had taken one year’s post-graduate 
work. H owever, I would not like to generalize and include 
am ong the chem ists w ith European education those who come 
from all European universities, for the reason th at in a great 
m any of these latter institutions very  little  w eight is given to  the 
technical part of the chem ist’ s education. Still, I believe that 
the average chem ist w ith the European university  education 
will be more efficient for research work in connection w ith 
chem ical m anufacturing than his brother from  the Am erican 
university quoted.

Question No. 7.
Answer. I do not feel qualified to  pass criticism  on the 

courses offered b y  the different Am erican universities. I  take 
the liberty, however, to subm it a  course which, in m y opinion, 
would answer the purpose of turning out chem ists ready to 
enter the practical field as chem ical engineers. This plan is 
taken from the course prescribed for chem ical engineers a t the 
Sw iss P olytechnic School in Zurich, and comprises 3 V j years. 
I t  should, in m y opinion, be increased to four years, thus pro
viding more tim e for some of the im portant courses which suffer 
b y  the shortness of a  31/ ,  year term . I t  m ust be remembered 
however, th at this course presupposes a  thorough general 
education.
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I  am fu lly  aware of the fqct th at the few  suggestions offered 
in the foregoing are a very  superficial attem pt toward the final 
solution of the great problem now before the institute. I am 
convinced, however, th at a  continued effort on the part of the 
m embers of the institute will even tually  bring about the desired 
results of better efficiency of future generations of Am erican 
chem ical engineers.

R espectfu lly  subm itted,
L. VeiLLON.

D r . F . W . F r e r ic h s ,

D e a r  S i r : R ep lyin g to your letter of inquiry, I would m ake 
the following suggestions:

P lace a t  the head of the industrial chem ical departm ent a 
man w ith practical experience in chem ical technology.

B y  correspondence and cooperation w ith the principal chem ical 
concerns and the judgm ent and experience of educators evolve 
a  course in industrial chem istry. T h is  should include a  course 
in m athem atics to and including a working knowledge of the 
calculus, tw o years each of French and Germ an, one year of 
m echanical draw ing w ith special attention  to chem ical m achinery.

English throughout the course; equal attention to physics and 
chemistry throughout the course; one year of m ineralogy and one 
year of economic geology.

If possible the student should be given practical work in a 
large chem ical establishm ent after the Sophomore year.

T h e elaboration of these ideas would include the num ber of 
hours to be devoted to each feature of chem istry, physics, etc.

I do not believe in thesis w ork for the undergraduate student.
V ery  tru ly  yours,

W . M. B o o t h .

From  this correspondence and from oral discussions w ith 
m em bers of the com m ittee, it  would seem th at in their opinion 
even a  successful four years’ course a t  one of our good uni
versities following a regular high school education is not sufficient 
to equip a  student of chem istry satisfactorily to enter practical 
work.

A s to the rem edy, the opinions are divided, since it is pro
posed to require either a  more advanced education in chem istry 
in the high schools or else post-graduate w ork a fte r com pletion 
of the regular college course.

It  seems to be the consensus of opinion th at the post-graduate 
courses as offered now a t  Am erican and m an y European uni
versities are open to im provem ent if it  is desired to fit post
graduate students for efficient research w ork in the chem ical 
industries of the U nited States. In  offering the subject for dis
cussion in this m eeting, it would seem to be of im portance to bear 
in m ind th at the field of chem istry a t  the present d a y  com 
prises specific knowledge in an alm ost infinite num ber of direc
tions, and th at in order to be successful it would seem to be 
im perative for a  chem ist to specialize and to concentrate his 
efforts on a  sm all but well-defined part of the alm ost endless 
field of chem ical research. T his would not exclude the pros
p ective m anufacturing chem ist from  having a  good general 
knowledge of the elem ents which form  the basis of chem ical 
engineering. On the contrary, he should have a  good general 
knowledge of inorganic and organic chem istry and of physics 
and he should have perfectly assim ilated these subjects so that 
it comes easy for him to think in term s of these sciences.

B y  m aking a  large num ber of preparations he should have 
fam iliarized himself w ith the properties o f the elem ents and their 
com pounds, and should have a  good knowledge of the m ethods 
of separating chem ical com pounds from m ixtures and of the 
production of pure chemicals. P articu larly  should he be an 
expert in chem ical analysis, even to th at exten t th at he could 
criticize existing methods, devise new ones to fit new conditions, 
and lie should be ab le  to control the reliab ility  of m ethods and 
to  ascertain  their lim it of accuracy.

T h e graduate student should have a  fair knowledge in a d 
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vanced m athem atics and its application, and be well trained in 
the draw ing of m achinery and structures.

H e should have had m anual training and be able to handle 
tools of the more im portant trades. H is knowledge in lan
guages should be such th at he can read w ith  ease professional 
publications in French and Germ an languages and express him 
self c learly  in English.

These studies, if pursued properly, would seem to fill an entire 
four y e ars ’ course, and before th ey  have been assim ilated a d 
vanced work would seem to be of little  benefit.

A  chem ist thus prepared m ay go into practice, but he leaves it 
to chance w hether his progress w ill be rapid or slow. There 
m ay be instances where an intelligent m anufacturer will lead 
him to ap p ly  his faculties to prom ising problems, bu t in most 
cases the first years will be wasted in futile efforts and costly  
experim ents.

Quicker, certain ly, and less costly  experience in applying 
accum ulated knowledge could be obtained b y  post-graduate 
w ork under the direction of good teachers a t a  well-equipped 
institution. B u t these institutions m ust be fitted to suit the 
particular requirem ents of Am erican chem ical industries, and 
the courses m ust be directed b y  teachers who are entirely a t 
hom e am ong dom estic m anufacturing methods.

I t  has been pointed out b y  one m ember of your com m ittee 
th at the U n iversity  of Zurich, Sw itzerland, has been particularly 
favored b y  h avin g  had for a  long period of years tw o teachers, 
viz., G uckum  and Lunge, the form er a  successful m anufacturer 
of coal-tar preparations, the other an expert in the soda in
dustries, both of whom taught a t  the same tim e and were con
stan tly  in close con tact w ith their respective industries.

U n fortun ately  it would seem impossible to duplicate these 
conditions in the U nited States. Expression has been given 
to the thought th at no u niversity  could tem pt a  successful 
m anufacturer in the U nited S tates to take up teaching, even if 
he had the a b ility  to do so, and the average professor of in
dustrial chem istry would hardly have the opportunity to obtain 
a  full insight into the actu al conditions of the chem ical in
dustries. W h at is published in hand-books of industrial chem 
istry  to a  large exten t is hearsay and antiquated, and it is only 
natural th at m anufacturers are loath to divulge their experience 
for publication. T h e consequence is th at the collecting and re
porting professor of industrial chem istry is often teaching 
m ethods and processes long since abandoned and replaced b y  
better ones.

W hat w e m ust have for post-graduate w ork are producing 
teachers of industrial chem istry who, like Lunge, w ork ahead 
and do not follow the progress of the technical industries. Men 
of this kind w ill have inform ation to offer to the m anufacturers 
and in turn w ill obtain inform ation upon which th ey  are able to 
base the progress o f their work.

T o th e places where such men teach, post-graduate students 
w ill flock and w ill be w illing assistants for the w ork of their 
laboratories.

Som e of the studies w hich m ight be taken up to advan tage 
in a  post-graduate course for chem ical engineers are the fol
lowing:

1. Exercises in m aking chem ical preparations qu an titatively—  
th at m eans the m aking of chem ical preparations, observing 
w eights of raw  m aterials used, tim e of reaction, concentration, 
pressures and tem peratures most favorable for the production of 
chem ical compounds, and the yield obtained. These exercises 
should be carried on in great variety  and w ith great exactness, 
since th ey form the basis of m ost research w ork in chem ical 
engineering.

2. S tu d y  of m aterials of construction for chem ical apparatus, 
including m etals, alloys, stoneware, cem ent, rubber, protal, 
wood, and others. These m aterials should be studied, not only

with reference to strain and w orkability, but also with reference 
to  action of various chem icals upon the materials.

3. S tu d y of construction of m achinery and apparatus T his 
should include a  study of the lim itation of m aterials in their 
application for m aking apparatus and also the preservation of 
apparatus from destructive influences.

4. M easuring apparatus and m ethods of measuring.
5. S tu d y  of the generation of steam : typ es of boilers and 

boiler furnaces, boiler feed water, purification of same, fuels, 
m ethods of m aking tests for efficiency, firing w ith coal, oil or gas, 
calculation of cost.

6. W ater supply.
7. S tu d y  of generation of power, steam  engine, w ater wheels, 

electric motors, transm ission of power.
8. Construction of furnaces, pyrom etry, m aterials for furnaces, 

construction, repairing same, construction of chim neys, fuels for 
furnaces, efficiency, calculation of cost.

9. S tu d y  of evaporation of liquids and solutions under high 
pressure, under atm ospheric pressure and in  vacuo, concentrating 
solutions, calculation of cost.

10. Construction of drying plants, theory of drying, drying in  
vacuo, collecting evaporated solvents.

11. T heory of distillation and construction of stills, rectifica
tion, dephlegm ation condensation.

12. T heory of saturation, extraction, and absorption.
13. S tu d y  of evaporation of solids, resublim ation.
14. T heory of crystallization, crystallization  in motion and in  

vacuo.
15. M ethods of treating solids w ith liquids.

M ethods of treating solids w ith  gases.
M ethods of treating liquids w ith gases.

16. M ethods for purifying solids, liquids, or gases.
17. G rinding and disintegration m achinery, separating and 

m ixing m achinery.
18. H andling of solids in large quantities.

H andling of liquids in large quantities.
H andling of gases in large quantities.

19. B uildings and structures for chem ical plants.
20. Packages and m aterials for same.
21. H andling and disposition of labor and prevention of acci

dents.
L iab ility  insurance.
Accident insurance.
R egulation of wages..

22. Sam pling and testing chemicals.
23. Controlling the m anufacture b y  logs.

F acto ry  bookkeeping and calculations.
24. P a ten t law, tariff law, corporation law, contracting.
25. Discussion of special industries.

I t  is true, m any practical problem s cannot be carried out in a 
laboratory on a  sm all scale, and therefore cannot be an object of 
stud y in a  post-graduate course. B u t a  very  great num ber of 
processes can be worked out in the laboratory and it  would seem 
th at in connection w ith  these the theoretical part of industrial 
chem istry could be worked out in a  satisfactory manner. In 
order to do this there m ust be a t least one teacher of industrial 
chem istry and a t least one institute which w ill carry out the 
work.

Our friend, Dr. B aekeland, said recently in his address at 
Pittsburg, th at the principal ob ject in a  research laboratory is 
the research chem ist himself. I  think he is right. B u t i t  is be
lieved th at it will be a  long time before the universities w ithout 
the assistance of practical m anufacturers can produce such a 
m an. In  m y opinion, the A. I. C. E. could be of great assistance 
in bringing this about. I f  a  university  of Jhigh standing would 
undertake to establish a  post-graduate course for chem ical 
engineering, the A. I. C. E . m ight ofler the assistance of a  com 
m ittee from am ong its members, to a ct in a  consulting capacity
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to the facu lty  and to help in this manner, to originate an efficient 
course. B u t it w ould seem necessary th at the professor of in
dustrial chem istry to whom the w ork of post-graduate students 
is entrusted devote his entire tim e to this w ork and be not 
burdened w ith  w ork in undergraduate departm ents. H e should 
have a  well-equipped laboratory and a staff of the best assistants 
a t his disposal, since the field of research is large and the detail 
work, particularly  in the beginning, would seem overwhelm ing. 
A s to  the duration of such a  course, it is thought th at tw o years 
are sufficient if on ly well-prepared students are entered. Upon 
the term ination, an appropriate degree m ight be conferred 
vftiich no doubt would be highly treasured b y  the possessor.

C o m m it t e e  o n  C h e m ic a l  E n g in e e r in g  E d u c a t io n .

F . W | F r e r ic h s , Chairman.

P r e s id e n t  M cK e n n a :

T his painstaking and valuable report w ill be printed in a  
B ulletin  in anticipation  of the regular Transactions. T h e m em 
bers of the institute will be asked to send to the Secretary their 
opinions on this subject. These w ill be edited t b y  the Com 
m ittee on Chem ical Engineering Education, and will, together 
w ith this report, form the basis of a  progress report a t  least a t 
the annual meeting. I f  there is anyth in g of im portance th at 
m em bers wish to put forw ard a t this tim e— some im portant 
view — it would be well, of course, for us to have it.

S e c r e t a r y  O l s e n :

I feel in the first place th at the institute is undertaking a  very 
m p ortan t w ork. I am ready to adm it th at the conditions in 
Am erican colleges and Am erican universities are in m any cases 
deplorable. I think there is 110 question of it. There are certain 
influences a t work a t present to im prove and change those c o n - , 
ditions, and I am glad to see this in stitute entering the field. 
T here are too m any colleges in the country poorly equipped 
and w ith very  little  endowm ent. W hy, in one S tate  th ey  passed 
a  law  th at a  college should not grant degrees unless th ey had an 
endowm ent. T h e law as a t first proposed w as th at th at endow
m ent should be— half a  million? No, $25,000 w as enough to 
m ake a  college: A fter the legislators had discussed the m atter,
th ey decided th at it w as too high, and brought it down to $5000. 
A s Dr. B u trick  has said, a n y  preacher can give his note for 
$5000, and establish a  college and g ive  degrees. I say that 
public opinion should stam p out such institutions, and place 
Am erican education on as good a  basis as Am erican industries 
generally are, and root out a  lot o f  those poorly equipped in
stitutions which are in the field giving degrees.

A fter having said that, and saying th at w e ought to educate 
public sentim ent for thorough, sound, and broad education (and 
we can begin a lot lower than Dr. Frerichs has suggested and do 
good w ork), I w ant to say  a  few  words w ith reference to  the 
typ ical courses which have been given. Y o u  w ill have noticed 
the great difference between the three propositions. T h e last 
one, giving the course a t Zurich, included a  long list of technical 
subjects covering all branches of applied chem istry. T h a t was 
in Europe. T he other suggestions are much simpler. Our 
practice differs from  th at in European countries in education, 
as well as in industry. W hen Am erican capitalists have built a  
railroad through the country, th ey have in m any cases thrown 
the ties down on the bare ground, spiked down the rails and 
started running trains. T h a t’ s cheap construction. A fter th ey 
have constructed it in th at w a y  th ey begin to gather in the 
earnings. Then th ey proceed to raise the track here, place a 
bridge there, straighten the track and put in ballast, and to 
im prove the equipm ent, and after a  few  years, using the earn
ings, the road will be in p retty  fair condition. In  Europe how 
do th ey  do it?  T ljeir capitalization  per m ile is very  heavy, 
because th ey build a  railroad com plete in the beginning. Now 
the education given in th at course a t  Zurich w as designed to be 
com plete right a t the start; it is supposed to turn out a  man w ho

knows all about vacuum  drying right from  the school. W e 
do not do th at in Am erica. H ow  do w e do? In  Am erica we 
say, give a  man a  broad, general education, g ive him the principles 
of his science, drill him until he knows the broad fundam ental 
principles, and then, if he goes into Dr. Frerichs’ laboratory, he 
will soon learn how to distil am m onia. W e trust him to pick 
things up as he goes along, and go upon the plan of not giving 
specialties in college. I  received m y technical training a t  the 
Johns H opkins U niversity. T h e y  said: " W e  w ill not teach 
qualitative  analysis very  thoroughly; we w ill teach you  the 
properties of chromium until you know chromium— know it so 
th a t you  could find it  under a n y  and all conditions.”  So we in 
Am erica have gone a t the problem of education from th at stand
point. G ive  the students a  broad general training in the prin
ciples of the sciences— theory, if you choose to call it so. W e 
have said th at if he has the principles of chem istry and engineer
ing, if he has his m athem atics, his Germ an, and his French, so 
th a t lie can read the literature, he w ill get the applications. 
N ow  the question is, Is th at the right principle to start out on? 
I  w ould like an expression of opinion of this institute as to 
w hether th at is the w a y  to proceed.

M r . B a k e r :
I  do not w ant to throw cold w ater 011 a n y  steps which m ay be 

taken to turn out industrial chemists, bu t I do not think it  is 
possible to turn out a  full-fledged industrial chem ist. The con
ditions in the factory  are entirely different, if  not diam etrically 
opposite to those in the laboratory. I11 the laboratory the w ork 
is done under ideal conditions, and the least im portant factor is 
econom y. In the industrial plant the m ost im portant factor is 
the econom ical one, because an industrial p lant is run to m ake 
m oney and not to dem onstrate a  chem ical theory. Another 
im portant factor is th at of the physical conditions he must con
tend w ith, and does not m eet in the laboratory— the ‘ ‘cussedness 
of inanim ate th in gs” — I  do not know a  better w a y  in which to 
express it. Som e one has a p tly  said th at to gain an education is to 
cu ltivate  an a ttitude o f mind, which I take to  mean, to learn 
how  to look a t things. T he best chem ist is n ot the m an who 
w orks all hours of the d ay w orking out a  problem given in a 
book, nor a  m an who burns the m idnight oil, but the man who 
looks into things— the m an of an in vestigative turn of mind—  
the one whom you  would term a  crank— one w ith  the spirit of 
the boy who cut the head of the drum to  find out w h at made the 
noise.

P r e s id e n t  M c K e n n a :

T h e institution named in the com m ittee’s report w as taken 
only b y  chance, and, if we were to take the statem ents m ade and 
opinions expressed upon the course in th a t institution too 
literally, it w ould appear as if it  were v ery  unfairly treated. 
T h a t is not the meaning, I feel sure, of such an inquiry. It  was 
referred to on ly as a  typ ical institution of medium grade.

AM ERICAN ELEC TR O C H E M IC A L SO CIETY.
C hicago M eeting . O c to b e r  13 to  15, 1910.

H eadquarters Congress H otel.
W e d n e s d a y , O c t o b e r  12TH.

6 p .m . R egistration.
T h u r s d a y , O c t o b e r  13TH.

9 a .m .  M eeting of D irectors.
10-12 a .m .  Reading of papers a t  Florentine Room , Congress 

H otel. T h u rsd ay afternoon, four altern ative excursions.
(1) F isk  St. Pow er House o f the Com m onwealth, Edison Co. 

(2) W estern E lectric Co. W orks. (3) A utom atic Telephone Co. 
W orks, M arket S t. Transform er and Storage B a ttery  Station  of 
Com m onwealth Edison Co., and tlic  D em onstration Installation 
of the H oskins Mfg. Co. (4) T he U nion Stock  Y ard s and the 
P lan ts of S w ift and Com pany, Arm our and C om pany and Morris 
and Com pany.
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F r id a y , O c t o b e r  14TH.

9 -1 2  a .m . R eading of papers at Florentine Room , Congress 
H otel. F rid ay  afternoon, three a ltern ative excursions.

(1) Illinois Steel Co., South Chicago W orks. (2) G ary  Steel 
W orks. (3) Scars, R oeb uck and Co., w ith  a  com plim entary 
luncheon for visitors.

F rid ay evening, dinner at Congress Hotel.

S a t u r d a y , O c t o b e r  15TH.

9 -12  a .m . R eading of papers a t K e n t Chem ical I.aboratory, 
U n iversity  of Chicago, followed b y  inspection of laboratories 
and museum s and a  luncheon a t the U niversity Commons. 
Afternoon, tw o a ltern ative excursions.

(1) T h e Lockport Pow er House and the D rainage Canal. (2) 
T he Field Colum bian Museum.

F or the entertainm ent of visiting ladies an autom obile trip to 
H ull House, T h e Juvenile Court, M ark W hite Square and the 
Stock  Y ards, w ith a  luncheon a t H ull House is planned for 
Thursday. On F rid ay  m orning visits w ill be made to  Marshall 
F ie ld ’s R etail Store and T h e A rt Institute. Sears, Roebuck 
and Co. w ill entertain  both ladies and gentlemen a t luncheon 

•and later show visitors through their establishm ent. Ladies 
are especially invited to participate in the luncheon at the 
U n iversity  on Satu rd ay. In  the afternoon they m ay visit either 
the Field Museum or the D rainage Canal and Lockport Power 
House.

G eneral Com m ittee— H erbert N. M cCoy, Chairman; A rba B. 
M arvin, Secretary. Entertainm ent— H a rry  M cCormack, Chair
man. Excursions— F . T . Snyder, Chairman. Press— H . T . 
M atthew , Chairman. I.adies— Mrs. W . D. Richardson, Chair
man.

P A P E R S .

THURSDAY, OCTOBER I3TH.

10.00 a. 111. R eading and Discussion of Papers, Florentine 
Room , Congress H otel: “ M ethod for Determ ining Therm al 
C on d u ctiv ity ,”  Carl Hering.

“ T h e E lectric Furnace and Its A pplication,”  M arcus Ruthenburg.
"E le ctro ly tic  Method of Producing M etals,”  John W . Beckm an.
“ R eduction  of T in  Dross in the E lectric F urnace,”  R . S. W ile.
“ Notes on T ribo-Lum inescence,”  W . S. Andrews.
"T h e  Proxim ate Constituents of the Chem ical Elem ents with 

Reference to R a d io a ctiv ity  and E lectrons,”  G ustavus I). 
Hinrichs.

FRIDAY, OCTOBER I4TH.

9.00 a. 111. R eading and Discussion of Papers, Florentine Room , 
Congress H otel: “ Electrochem ical Preparation of Calcium ,”  
Prof. A. R. Johnson.

"E ffic ien cy  in the E lectro lytic  Preparation of Calcium ,”  Francis 
C. F ra ry , H en ry R. B icknell and Carl A. Tronson.

“ E lectrochem istry o f Polonium  and O ther R adioactive E le
m ents,”  Prof. A. R . Johnson.

“ T he Present S tatu s of Ozone,”  R . D. Sm all.
“ T h e E volution  of the Lead Storage B a ttery ,”  Pedro G. Salom.
“ A New Secondary C ell,”  W . S. B lock.
"T h e  Self D ischarge of Plante and F aure Storage B atteries,”  

Prof. O. W . Brow n and W . G. Bowers.
“ Corrosion of M etallic F ood  Containers— Causes and Preven

tion,”  Dr. Edw ard Gudem an.
"E le ctro ly tic  Corrosion of V arious M etallic Anodes in a  Liquid 

Am m onia Solution, Am m onium  T rinitride,”  A . W . Brow ne and 
E . H olm es and J. S. K in g, Jr.

"E lectro lysis  of Solutions of Am m onium  Trinitride and of 
Potassium  Amide in L iqu id  Am m onia, A. W. Brow ne and M. 
E. Holmes.

“ On the E lectro lysis of Som e C yanides,”  H. E . P atten  and W. 
R . M ott.

SATURDAY, OCTOBER I5TII.

9.00 a. m. R eading and Discussion of Papers, Room  20, K e n t 
Chem ical Laboratory, U n iversity  of Chicago.

“ A pplication of E lectrostatic Separation to Ore D ressing,”  F . S. 
M acGregor.

"T h e  Isolation o f an Ion and a Precision M easurem ent of Its 
Charge,”  Prof. R obert A. Milliken.

“ Phenomenon of C rystallization  through M em branes,”  Dr. J. H. 
W alton, Jr.

“ On the R elative  B asicity  of the M etals as Show n b y  their 
Pow er to R eplace One A nother in  Chem ical Com pounds,”  
Dr. L  Kahlenberg.

“ On the E ffect of W ater in Causing Chem ical R eaction s,”  Dr. 
D avid Klein.

"T h e  Physical and M agnetic H ardness of Some E lectro lytic  Iron 
A llo ys ,"  Jam es Aston.

R L C L N T  INVENTIONS.

T h e  fo llow ing p a te n ts  r e la tin g  to  I n d u s tr ia l  a n d  E n g in ee rin g  C hem is
t r y  a re  re p o r te d  b y  C. L . P a rk e r , S o lic ito r o f C hem ical P a te n ts ,  M cGill
B u ild in g , 908 G  S t . ,  N . W ., W a sh in g to n , D . C.

O n ly  a  few  p a te n ts  w hich  a re  deem ed  o f g re a te s t  im p o r ta n c e  a re  a b 
s tr a c te d  in  th is  d e p a rtm e n t .

A b s t ra c ts  o f a ll p a te n ts  a p p e a r  reg u la r ly  in  Chem ical A bstracts, to
w h ich  p u b lic a tio n  th e  re a d e r  is refe rred .

966,389. W et Process for the Treatm ent of Ores. H. T.
D u r a n t , ct at., patented A ugust 2, 1910.

This invention relates to w et processes for the treatm ent of 
m etalliferous ores or com pounds particularly  of zinc, and more 
particularly  to processes in which ores containing zinc oxid 
are treated w ith a  solution of sulfurous acid so as to obtain a  
solution of bisulfite of zinc.

H itherto it has been proposed to effect the agitation  of the 
ore or compound w ith  w ater or other liquid in an apparatus 
com prising a tan k having a pipe open a t both ends and a r
ranged vertically  therein, .and m eans for introducing a t the 
foot of the pipe a  liftin g medium such as compressed air for 
raising the liquid contents of the tank up through the afore
said 'pipe thereby prom oting a circulation of the said contents. 
A pparatus of the general type in which a jet or injector is used

to cause circulation o f a  m ixture of ore and liquid will be here
inafter referred to  as an injector agitator.
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According to this invention an injector agitator is supplied 
with a  medium which does not m erely prom ote circulation of 
the contents of the apparatus but has a  chem ical effect upon 
the said contents. T he aforesaid medium m ay be in the form 
of a soluble gas, in which ease it w ill become absorbed b y  the 
liquid in the agitatin g apparatus, or it m ay be already in solu
tion when introduced. For exam ple, when treating zinc ores 
suspended in w ater with sulfur dioxid, the sulfur dioxid derived 
from the roasting of the sulfid ore, or otherwise, m ay be intro
duced directly a t  the foot of the vertical pipe in the injector 
agitator containing the roasted ore in suspension in w ater; 
or the gas m ay be first absorbed b y  w ater and the dilute sul- 
furous acid solution so obtained m ay be injected under pressure 
up the aforesaid pipe. In the form er case the gas w ill soon 
become absorbed b y  the w ater form ing dilute sulfurous acid 
and in either case the dilute acid solution w ill exert a  chem ical 
action on the roasted ore in the known manner.

Another exam ple of the aj-pUcr.tion of this invention to the 
zinc bisulfite process already referred to resides in the use of 
steam or hot gases in an injector agitator for the conversion of 
soluble bisulfite of zinc into the insoluble monosulfite. The 
steam or hot gas m ay be introduced at the foot of the pipe in 
an injector agitator and a reduced pressure m ay be m aintained 
on the surface of the bisulfite of zinc solution, the result being 
the heating and agitation of the contents of the apparatus 
and the conversion of the bisulfite of zinc into the inonosulfite 
w ith  evolution of ‘sulfur dioxid. Zinc or other ores m ay be 
sim ilarly treated w ith other appropriate chem ically active  
gases, either free or in solution. Ores containing zinc or copper 
in ay be, for exam ple, treated in the manner hereinbefore de
scribed with am m onia either in the hydrated or gaseous form. 
T h e soluble gas or gases or the solution thereof m ay be used in 
substitution for the mere liftin g medium hitherto em ployed 
in the injector agitator in addition thereto.

T h e accom panying illustration shows the apparatus in which 
the process is carried out.

967,105. Process for the Separation of Gaseous M ixtures into
their Elem ents. G e o r g e s  C l a u d e , et al. Paten ted Aug. 9,

1910

T his is a  process for the separation of oxygen in any desired 
degree of purity from atm ospheric air b y  m eans of liquefaction 
and evaporation.

This process is based upon the fact th at in order to transform 
liquid air into very pure liquid oxygen b y  the progressive evap 
oration of the nitrogen and the sim ultaneous liquefaction of a  
corresponding qtian tity  o f oxygen, it is sufficient to  bring nearly 
pure cold gaseous oxygen into con tact w ith  liquid air in a n y  
manner, as for instance b y  causing, the gaseous oxygen  to pass 
in bubbles through the liquid air. B y  evaporating the liquid 
oxygen which is obtained w e obtain a  qu an tity  of gaseous o x y 
gen greater than th a t used, and if the apparatus is su itab ly  
devised, greater thari the qu an tity  of oxygen  previously con
tained in the liquid air used, and this entire excess m ay be fur
nished b y  the atmosphere. T his evaporation of the oxygen is 
made use of in our invention. I t  is effected by forcing cold 
air under suitable pressure into a  tubular vessel or into a  coil 
immersed in liquid oxygen. T h e evaporation of oxygen  w ill 
thus cause the condensation of a  substantially  equivalent 
q u an tity  o f air under pressure, and we thus obtain a  qu an tity  
of liquid air nearly equal to th at a t  the start which, in its turn, 
is separated into pure oxygen  b y  repeating the same opera
tions.

In order to give this m ethod its highest practical value, it is 
essential th at the oxygen gas be utilized as com pletely as pos
sible; the simple passage in bubbles through the liquid m ass 
would yield poor results, for it is evident th at the gas a t its  
outcom e from the liquid holding a large q u an tity  of oxygen

and the loss would be greater than the gain. I t  is therefore of 
im portance th at this passage of the oxygen gas through the 
liquid air be carried out in a  particular manner, for instance, 
b y  supplying the liquid air to be converted into oxygen  a t  the 
upper part of a  colum n provided w ith  baffle plates or other 
suitable device and b y  supplying the gaseous oxygen a t the 
lower end of the colum n, so th at the gas travels through the 
successive cham bers and issues from the column a t the point of 
supply of the liquid air.

I t  is well known th at if the liquid air at its form ation con
tains, like the atm ospheric air, about 21 per cent, of oxygen, 
the gas a t  its  issue contains only about 6 or 7 per cent, of o x y 
gen. I f  it be necessary to retain  these quantities, it  is possible 
to provide the colum n w ith an extension, a t the end of which

there is fed liquid air containing less than 21 per cent, of o x y 
gen. The losses in cold in the colum n can be com pensated for 
either b y  the introduction of liquid air obtained from  an auxil
iary source or b y  the expansion of the air to be liquefied, com 
pressed for this object.

The figure shows an apparatus in which the process is car
ried out.

967,996. Method of Extracting or E lim inating Sulfur, Phos
phorus, and Other Impurities from  Coal Ore, Etc. L e l a n d  L.
S u m m e r s . Patented August 23, 1910.

T his invention relates to  a  m ethod of elim inating those im 
purities from coal, ore, etc., w hich are detrim ental and trouble
some in the m anufacture of iron and steel, and the object is to 
provide a  simple and efficient m ethod of rem oving such im puri
ties from  the raw  m aterial used. Thus, according to this method, 
in the case of coal to be coked, the sulfur and phosphorus are 
rem oved from the coal before the same is charged into the 
coking appliances, and in the case of ore, th e im purities are re
m oved previous to charging the ore into the blast furnace or 
other refining apparatus.

In  general term s, the invention consists in providing a  m ethod 
b y  which the sulfur and phosphorus is chem ically acted upon 
and its form of occurrence changed so th at it m ay be rem oved 
as a  different chem ical compound.

T h e m ethod is based essentially upon the fa c t th at upon the 
passage of an electric current in a suitable electrolyte, electro
ly tic  decom position w ill result. A ccording to this m ethod as 
practiced, the coal or ore to be electrolyzed is preferably in a 
finely subdivided form and is subm erged in the electrolyte.
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so th at upon revolving the electrodes B  and C  a  continual 
agitation  of the substance is in con tact with the products of 
electrolysis.

In  the use of the apparatus illustrated in the practice of the 
process, the rotation  of the electrodes B  and C  in addition to 
ag ita tin g  the electrolyte, w ill cause a  portion of the m aterial

treated to first be subjected to the acid and oxidizing reaction 
and im m ediately afterw ard to be subjected to the alkaline 
and reducing action. Thus, the bisulfid and monosulfid of 
iron in the v icin ity  of the anode w ill be violently reacted upon, 
the bisulfid being oxidized and the monosulfid being decomposed 
as before mentioned. Im m ediately  after this action, the same 
particles w ill be subjected to the action of the sodium hydroxid 
liberated b y  the cathode, this being caused by the rotation of 
the electrodes so th at the cathode and anode are changing 
places. T he rate  of rotation  is determ ined b y  the strength of 
the reaction desired.

968,954. M etallurgical Furnace. J o h n  E . J o n e s . Paten ted
A ugust 30, 1910.

T his invention relates particularly  to furnaces for treating 
or sintering ores, flue dust, and other comm inuted m aterials, 
prelim inary to  further treatm ent in a  blast furnace or other 
reduction apparatus.

In  processes of obtaining m etals such as iron, zinc, copper 
and the like now in comm on use, large quantities of dust and 
m aterial rich in m etal, bu t too fine to be smelted, are obtained. 
Also various m etals occur in the form , or ores which are so fine 
a s  to require sintering or nodulizing prior to being reduced.

T his invention has for its ob ject the production of a  furnace 
for the treatm ent of such m aterials wiiereby ores can be de-

l\, 1

sulfurized, and also form ed into nodules b y  p artial fusion, 
and thereby rendered capable of economic treatm ent w ithout 
undue loss in the blast furnace.

A ccording to  this invention, the patentee has provided a

furnace wherein the finely divided m aterial to be treated is 
fed into the center of a  rotary inclined hearth provided w ith a 
tortuous path, such as a  spiral, bu t more preferably with com 
m unicating grooves surrounding each other, the m aterial drop
ping from one groove into the adjacent groove b y  grav ity , as 
the hearth rotates, and in conjunction therewith, a  relatively 
stationary hood is provided w hereby to form a  heating cham 
ber enclosing the hearth. In  conjunction therewith m eans are 
provided for ap plyin g heat to the interior of the furnace, and 
preferably, the heating means are so disposed as to direct a  flame 
directly on the m aterial undergoing treatm ent.

T h e invention further comprises a  furnace of the general 
character above described wherein the hearth w ill be m echan
ically  driven, and also m ounted in such manner th at the in
clination of the hearth can be adjusted as m ay be desired w ith
out interfering w ith the arrangem ents for heating the interior, 
or w ith the driving means.

In  the specific em bodim ent of the invention herein shown, 
the grooved hearth is m ade in the general form  of a  cone, th at 
is to  say, the grooves or channels containing the m aterial being 
disposed in different plane, and the hearth itself being mounted 
on trunnions whose axis coincides w ith the axis of the driving

n j  a

shaft, w hereby perm itting the hearth, together w ith the table, 
to  be swung on the trunnions to a n y  desired angle and still 
m aintain the driving connection.

968,760. Obtaining Petroleum  Products. H e r m a n  F r a s c h , of
N ew  Y o rk , J\T. Y .  Patented A ugust 30, 1910.

T his invention relates to the production of useful products 
from a  certain kind of petroleum  which is characterized as 
hereinafter set forth and is herein term ed Coaliriga oil, or 
Coalinga petroleum  for convenience of reference. It  is found 
in the neighborhood of the tow n of Coalinga, in the county of 
Fresno, and S tate  of California. Ordinarily, on distilling petro
leum  and testing the grav ity  of successive sam ples of the dis
tillate  as it  runs from  the tail pipe of the condenser, it will be 
found th at the distillate becomes gradually denser and less vola
tile  as the tem perature in the still rises. In  other words, the 
boiling points and densities of the hydrocarbons of petroleum 
u su ally  increase together; a;id the greater the density of a 
hydrocarbon from a  given crude petroleum, the higher boiling 
point m ay it ordinarily be expected to have. T h e patentee 
claim s to have discovered in the Coalinga petroleum an extraor
dinary exception to this general rule; th at is to say, he claim s 
to have discovered in Coalinga petroleum an oil which, on dis
tillation, m ay a t intervals exhibit retrogressions of density in 
the distillate, while the v o latility  of the la tter continues to  de
crease. Coalinga oil, therefore, contains hydrocarbons which 
are specifically heavier than others of higher boiling point in 
adm ixture therewith.

The still a is supported and heated in a n y  suitable w ay. The
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column b is shown as made ¡11 sections, and has a  perforated or 
reticulated floor plate, c, at the bottom  of each scction, which 
floor plate supports the finely divided solid m aterial d, say, two 
feet of gravel for each section. The gravel in the tw o lower 
sections m ay be such as to pass through a sieve of tw o meshes 
to a  linear inch and to be arrested b y  one of three meshes 
to the linear inch; that in the upper sections m ay be a  little  
smaller, say, gravel which w ill pass through the last-m entioned 
sieve and be arrested b y  one of four meshes to  the linear inch. 
E ither size of gravel could be used in all the sections, bu t it is 
considered better to have the gravel of the lower sections a 
little  larger on account of the larger volum e of liquid of con
densation therein.

Below each floor plate, c, is a collar, e, for directing the down- 
flowing liquid of condensation from the w alls of the column 
tow ard the axis thereof.

T h e colum n b is covered w ith a coating, /, of an inch and a 
half of asbestos cem ent.

T he vapor pipe g leads from the top of the colum n b to the 
condenser, of known or suitable construction. Branch pipes, 
h, w ith  valves, i, therein are shown connecting w ith  the space

below each column section, for enabling the vapors to pass to 
the condenser direct from  the still a or after passing through 
any one or more of the column sections as m ay be desired.

A  thermometer, j, is placed in the top of the column b to 
indicate the tem perature of the vapors entering the vapor pipe 
g; and there m ay be therm om eters at the points k.

T his distilling and rectify in g  apparatus being a t hand, the 
still is supplied w ith  the crude Coalinga petroleum ; and the 
tem perature of the still and contents are raised to the distilling 
point. A fter a  time the vapors pass over b y  the pipe g to the 
condenser, where th ey are condensed to a  liquid, which runs 
out of the tail pipe into the custom ary box, which is so arranged 
th at the flow can be observed and sam ples taken for testing,

as custom ary. A s the m ixed vapors rise through the tall colum n 
of finely divided solid m aterial, th ey  become p artia lly  con
densed to a  liquid, which im m ediately comm ences to descend 
toward the still a, covering the pieces, d, of solid m aterial in its 
passage. T h e cooling of the air, modified b y  the asbestos jacket 
f, gives a gradual fall of tem perature in the colum n from the 
bottom  upward, and keeps the solid pieces effectively  covered 
w ith coherent coatings of the downflowing liquid, the supply of 
w hich is being con stan tly  renewed b y  condensation at points 
above.

Since the cooling takes place a t the outside of the column, 
the tem perature a t outside points is n aturally  lower than it 
is at interior points a t the same level; and the tendency, there
fore, is for the flow of condensate to be greater a t the outside 
than in interior parts of the colum n. The collars c between 
overlyin g and underlying portions of the column countcract 
this tendency b y  deflecting the current of condensate from the 
outside of each overlyin g portion horizontally toward the in
terior parts of each underlying portion. A  more uniform dis
tribution of condensate over the solid m atter of the underlying 
portion of the column is thus effected.

A t an y  given  point in the column the rising vapors, which 
consist of a  m ixture of hydrocarbons of different boiling points, 
are m eeting arid com ing into intim ate con tact w ith the descend
ing liquid, which consists likewise of a  m ixture of hydrocarbons 
of different boiling points. O f these liquid hydrocarbons, 
some are of lower and some of higher boiling points than a  part 
a t least of the vaporized hydrocarbons, w hich meet them in 
any particular point. T here are consequently repeated frac
tional condensations from  the vapors, and fractional re-evapora
tions from the liquid of condensation, until the well rectified 
vapors escape b y  the vapor pipe g.

T h e fire under the still a m ay be so regulated as to distil off 
abou t 2 per cent, per hour of the charge placed in the still a 
a t the beginning o f the run. A s distillation proceeds, the 
tem perature in the still a and column b rises; the density of the 
distillate at the tail pipe of the condenser for the most part in
creases and the v o la tility  of said distillate steadily dim inishes, 
b u t a t certain  periods said density gradually dim inishes while 
said v o latility  continues to decrease. Such a  retrogression in 
density of distillate takes place before the therm om eter j  reaches 
260° F .; and when this tem perature is reached, the distillate 
receiver m ay be changed, so th at distillate next collects in the 
new receptacle.

T h e distillation being continued, the density of d istillate  
gradually  increases w ith  the rise of the distilling tem perature 
until another retrogression of such density takes place which 
occurs before the tem perature at the top of the colum n reaches 
320° F . W hen this tem perature is attained the distillate re
ceiver m ay be again changed. T he distillation m ay then be 
continued until the tem perature a t the top of the column 
reaches 400° F ., when the top section m ay be cut ou t b y  open
ing the valve i  in topm ost branch pipe h, so that the vapors pass 
through it to the vapor pipe g. The distillation m ay then be 
continued until the tem perature at the top of the third section 
reaches 485° F .

I t  could be continued longer, or stopped earlier. The 
residuum  is then discharged from the still a  and colum n b, in 
preparation for another run. B y  the distillation described, 
three fractions of Coalinga petroleum will have been obtained, 
nam ely (1) the fraction collected before 260° F. is reached;
(2) the fraction collected before 260° F. and 320° F .; and (3) 
the fraction collected between 320° F . and, say, 485° F ., more 
or less. T h e first contains the benzene and toluene of the 
crude oil, the second the xylen e and some of the m esitylene, 
and the third the rest of the m esitylene and the naphthalene 
T his separation is not expected to be perfect, however. In 
m aking it as described, the hydrocarbons which com e over near
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the beginnings of the respective retrogressions would not be 
collected apart from  those which come over near the endings 
thereof.

Each of the so obtained fractions is distilled by itself w ith 
rectification in the colum n b, or w ith other rectification able 
to effect the aforesaid retrogressions of density of distillate 
contem poraneously w ith continued decrease of volatility; and 
the hydrocarbons which come over near the beginnings of the 
respective retrogressions are collected ap art from those which 
com e over near the endings thereof.

The inventor is H erm an Frasch, of New Y ork, N. Y .

INDUSTRIAL AND TRADE NOTES.

GERM AN RESIN ITE COMPOUND.
(F ro m  C o nsu l T h o m a s  H . N o r to n , C h em n itz , G erm any .)

T he previous report on the new Germ an m aterial, resmite, 
w hich appeared in Consular and T rade Reports for M ay 7, 
1910, has elicited so m any inquiries regarding its m anufacture 
and uses th at the follow ing additional facts are presented:

T he essential feature in the technical method now used to  
produce resinite is the condensation of phenol and form aldehyde. 
B y  condensation is understood the union of two or more mole
cules of organic compounds, w ith  elim ination of one or more 
m olecules o f water. The operation is, in this last respect, 
•comparable to th a t which occurs when an acid and a m etallic 
hydroxid  react to  form a  salt and w ater is liberated. In  most 
organic com pounds condensation is effected by bringing them 
in con tact w ith other substances which have an affinity for w ater 
an d  thus favor the reaction.

The condensing agents used b y  the inventors of resinite are 
certain mineral salts, such as sodium sulphite, ammonium 
sulphite, tertiary  sodium phosphate, sodium acetate, and a  few 
■others. A ll of these salts are neutral or exert a  feeble alkaline 
reaction. The use of these sim ple agents constitutes the prin
cipal peculiarity of the patented process, as contrasted w ith the 
■employment of acids or alkalies, m ethods which have been 
practised for m any years in effecting synthetic condensations 
■similar to those giv in g rise to resinite. T h e inventors claim 
th at b y  the use of the milder, less energetic agents the ensuing 
reaction is under more perfect control than when acids are 
■employed, and th at it is possible to isolate certain valuable 
interm ediary products through the ease w ith which the opera
tion can be interrupted a t a n y  point. T he condensing agents 
m ay properly be considered as cata lytic  substances.

In  actual m anufacture phenol (carbolic acid) is mixed with 
.an aqueous solution of form aldehyde (40 per cent.) and heated, 
after the addition of one of the salts mentioned above. T he 
product is a yellowish, mobile liquid, which is term ed resinite-A. 
It  is adm irably adapted for im pregnating wood, paper, and other 
porous m aterials, and thereby rendering them waterproof.

If resinite-A be freed from the w ater present by  distillation, a 
residual product is secured, term ed resinite-B. T he properties 
of this substance v ary , according to the rapidity  of the distilla
tion and the prevailing tem perature. N orm ally it is hard under 
ordinary conditions, bu t becom es plastic as the tem perature 
rises. I f  it be now heated for a long tim e a t  8o° C,, and t..en the 
tem perature be raised to  200° C., resinite, properly so called, 
is the result— a  perfectly solid, infusible, insoluble ¡substance, 
exceedingly resistant against both acids and alkalines. Ordinarily 
exceedingly resistant against both acids and alkalines. O r
dinarily it is of a  ruby-red or purple tint. The color is yellow  if 
ammonium salts have been used as condensing agents. I t  is 
transparent, o f translucent, h ighly lustrous, and shows a con- 

■choidal fracture. The ease w ith which it  can be colored through

the application of anilin dyes to the surface, or throughout the 
entire mass, renders it  of value for a  m ultitude of technical 
purposes. I t  is used for the heads of h at pins, for chandeliers, 
for decorating signs, etc. I t  can be ground, turned, polished, 
etc., but as it is som ewhat brittle, its use in this form is subject 
to certain lim itations.

Resinite can be modified during the process of form ation b y  
the addition of a  variety  of substances, such as talcum , infusorial 
earth, starch, etc. The resultant product is no longer trans
parent, but it  has acquired the im portant property of e lasticity, 
and can now be easily worked.

For certain purposes, for exam ple, in form ing buttons from 
resinite, the long-continued heating, for a t least t\yo hours, as 
involved in the process as outlined above, is practically out of the 
question. In such cases treatm ent w ith hydrochloric acid is 
em ployed. If resinite containing 20-30 per cent, starch be 
warm ed w ith dilute hydrochloric acid, a  viscous product is ob
tained which can be poured into molds, rolled into sheets, etc. 
T he acid em ployed for this “ tem pering”  is easily removed b y  
w ashing w ith a  dilute soda solution. T he solidified m ass is no 
longer brittle, but soft and easily  worked upon the lathe or with 
various tools. W hen poured into molds very  clear, sharply 
defined results are obtained.

Num erous difficulties were encountered in coloring masses of 
resinite, as the various analin dyes undergo striking changes in 
the course of the final operation. It is now possible, however, 
to secure resinite in any color except white and gradations of 
white.

In  its various m odifications resinite shows valuable, technical 
properties, resem bling those of glass or celluloid in some forms, 
while in others it approaches ebonite, horn, vegetable ivory, or 
Japanese lacquer. It has but little in common w ith natural 
or artificial resins. T he inventors propose the general nam e of 
“ resit”  for resinite-B and sim ilar com pounds and “ resol”  for 
resinite-A and analogous substances. (The address of the G er
man m anufacturer of resinite is on file in the Bureau of M anu
factures.)

I t  is w orth y of note th at an Am erican invention closely 
corresponds w ith  resinite in m any of its properties and applica
tions. I t  is of wide use in the U nited States as an insulating 
m aterial in electric installations and for other purposes. One 
of the largest chem ical com panies in G erm any has recently 
begun m anufacturing under its patents for the European trade. 
T his substance is called "b a k e lite .”  The essential features of 
the A m erican invention consist in the use of bases as condensa
tion agents and in the combined action of heat and high pressure 
to effect the final change into the hard, insoluble modification. 
T here would appear to be a  certain measure of conflict between 
the claim s of the tw o patentees.

The exact chem ical com position of these m aterials has not yet 
been established on account of the chem ical inertness of the 
substances. The a n alytic  results harm onize w ith  the em pirical 
form ula ChH 3sO ;.

GERM AN POTASH  PR IC E S.

THE SYNDICATE FIXES QUOTATIONS TO DOMESTIC CONSUMERS.

Consul T alb ot J. A lbert writes from Brunsw ick th at negotia
tions have been in progress for some tim e between • the new 
potash syndicate and the associations belonging to the organized 
Germ an agriculture as to the prices for raw and fertilizing salts 
to be furnished for the use oi the dom estic agriculture.

An agreem ent has been reached and the following are the 
prices per double centner o f 220 pounds for raw  salts, based 
upon the m axim um  prices established b y  the potassium law 
just enacted (mark =  23,8 cents):
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R aw  s a lt
K a rn a ll i t :

9  p e r  ce n t, p o ta s s iu m ..................
10  p e r  ce n t, p o ta s s iu m .................
11  p e r  ce n t, p o ta s s iu m ..................

H a r ts a lz  a n d  s y lv a n it:
12 p e r ce n t, p o ta s s iu m .................
13 p e r  ce n t, p o ta s s iu m ..................
14 p e r  ce n t, p o ta s s iu m ..................
15 p e r  ce n t, p o ta s s iu m ..................

Form erly, when sylvan it contained more than 13 per cent, 
potassium , there w as an addition of 10 pfennigs (2.3 cents) for 
each half per cent, potassium, unless the custom er ordered 
expressly lower— th at is to say, normal per cent, goods. In  
the case of hard salts form erly an excess of 12.4 per cent, potas
sium w as not taken into consideration in the reckoning. The 
syndicate now seeks, in consequence of the reduction of prices 
for normal m arks which has to be m ade under the law, to 
equalize prices p artly  b y  im posing on orders for salts having a 
larger percentage potassium than the norm al an additional 
sum to th at form erly charged. No ju st objection can be made 
against this m ethod b y  consumers, as it  enables the reasonable 
em ploym ent of the better works.

PRICES OF FERTILIZING SALTS.

The prices of m anure salts, which also show greater differ
entiation, are as follows, per 220 pounds: Containing 20 per 
cent. K jO , 2.80 m arks; 21 per cent., 2.94 m arks; 22 per cent. 
3.08 m arks; 30 per cent., 4.35 m arks; 31 per cent., 4.495 m arks; 
32 per cent., 4.64 m arks; 40 per cent., 6.20 m arks; 41 per cent., 
6.355 m arks; 42 per cent., 6.51 marks.

There is an additional charge to a ll prices of 0.04 m ark for 
transport from the w orks to the shipping station; for m ixing 
w ith  2’/ s per cent, turf mull the price is increased 10 pfennigs. 
A ll prices are understood to  be for 100 kilos (220 pounds), w ith 
2*/2 per cent, discount at the works. F or ioo-kilo sacks for 
karnallit, kainit-hartsalz, and sylvan it there is an additional 
charge of 40 pfennigs per sack and for m anure salt sacks 47 
pfennigs.

REBATES— EXPORT PRICES NOT FIXED.

T he question of rebates has been regulated in the following 
w ay: In  case of the annual purchase of 10-500 double centners
of kali (potassium salts) the discount for karnallit containing 
9 -11  per cent, potassium  is 3 m arks; for kainit-hartsalz, and 
karnallit containing 12 -15  per cent, potassium, 5 m arks; for 
m anure salts containing 20-22 per cent, potassium, 8 m arks; 
containing 30-32 per cent., 12 m arks; and 40-42 per cent., 
15 m arks. In  case of the annual purchase of 501-2,000 double 
centners the rebate rates have the following sequence, nam ely, 
4, 7, 10, 14, and 19 marks, and in case of the purchase of more 
than 2,000 double centners of salts the sequence is 6, 9, 12, 17, 
and 23 marks.

In order to secure the second grade of rebates on 501 double 
centners of salts there m ust be an annual purchase of about 40 
carloads of kainit-hartsalz or about 12 -13  carloads of manure 
salts containing 40 per cent, of potassium , or about 30 carloads 
of kainit and 3-4 carloads of manure salts containing 40 per 
cent, of potassium, equivalent to 100 double centners. W hat 
is specially to be noted is that b y  these rebates no commission 
or allowance of any kind, directly or indirectly, is to be made 
to the consumer.

As has been said, these prices are for the Germ an agriculturists. 
No prices have a s  ye t been published for the Am erican im
porters. T he difference which arose some tim e since between the 
old syndicate and the m ines outside of the same who had con
tracts w ith Am erican com panies have not y e t been settled. 
There are continuous negotiations between the new syndicate 
and the outside parties, but no result has been reached. The 
foregoing prices w ill a t least be valuable to show w hether any

discrim ination is m ade in the future against the Am erican 
farm er.

W A T E R  PU R IFIE D  B Y  OZONE.
(F ro m  C onsu l W illia m  D u la n y  H u n te r , N ice . F ra n c e .)

A s the w ater used here for drinking and other purposes w as 
considered to be unwholesome, a  new m ethod of sterilization 
has been adopted. T here is art electric power plant worked b y  
w ater turbines, the force being the w ater which is afterw ards 
sterilized. The tw o dynam os arc run separately, so th at there 
can be no stoppage w hile one of them  is being cleaned or re
paired. T he force produced is 110 volts, 500 periods per second, 
which is transform ed into an alternating current w ith  a  potential 
power of 17,000 volts. T his high-power current is conducted 
to  a  so-called ozone battery . E ach of the five  batteries com 
posing a  system  consists of three vertical copper plates 2 feet 
square and i 1/ ,  inches th ick, w ith a  space of 8 inches betw een 
each; in each o f these spaces there is a  pair of glass ¿heets, be
tween w hich the electric sparks decom pose the air, which is  
forced through them b y  a  sucking machine. T he decomposed 
air consists of ozone and azotic acid. T he azotic acid  is re
tained and the pure ozone made availab le b y  passing the de
composed air through a vertical vitrified pipe containing charcoal 
dust and pieces of cem ent. T he w ater, under the pressure of a. 
fall of 12 feet, flows through a  system  of earthen tubes about 1 
inch in diam eter and having 33 holes each; these tubes pass
through a space filled w ith ozone, w hich the w ater absorbs.

A fter this first process of sterilization the w ater flows into a. 
tan k ,in  which there is a wire netting supporting about 3 feet o f' 
pebbles; these pebbles divide the w ater so th at it falls like a 
h e a vy  rain to the bottom  of the tan k and a  strong ozone current, 
com ing from the sides of the tank, is absorbed b y  the falling- 
water. T he ozone is then extracted b y  having the w ater fall 
on stone steps. M edical authorities declare th at a fter having 
undergone this process w ater is absolutely germ-free and 'th at 
it is impossible to produce any kind of germ culture in it.

T w o ozone plants were built in 1909: one of them gives an 
output of 39.61 gallons per second, and the other 79.22 gallons. 
Each of these plants is composed of tw o separate system s, so- 
that there can be no possibility of a  shortage of water. A  new . 
p lant is under construction which is to be large enough to supply 
all the towns and cities betw een Nice and Mentone, a  distance 
of 24 miles. New w ater-w orks are also to be constructed in 
the near future at both Cannes and Grasse.

W O R LD  M ETA L PROD U CTION.
(F ro m  C onsu l-G en era l R ic h a rd  G u e n th e r, o f  F ra n k fo r t .) '

From the annual reports of three Germ an join t stock m etal
lurgical companies, w ith  head offices here, the following trans
lation has been m ade of certain statistics on m etal production 
and consum ption:

T he w orld production of copper in 1909: aggregated 844,100 
tons (m etric ton == 2,204.6 pounds), which exceeds b y  about
100,000 tons th at of the year before. T he U nited S tates had 
the largest share, 498,200 tons, an increase of about 16 per cent, 
over the ou tp u t in 1908. T h e world consum ption of copper in 
1909 reached 782,800 tons, exceeding th at of the preceding 
year b y  85,100 tons. T he giant share in the consum ption fell 
to the U nited States, and am ounted to 318,900 tons (against
208,800 tons in 1908); G erm any consumed 179,100 tons; E n g
land, 109,100 tons; France, 73,100 tons.

T he world production of lead last year aggregated 1,052,500 ■ 
tons, divided thus: Europe, 505,800 tons; U nited States, 339,- 
700 tons; M exico, 118,000 tons; Australia, 77,200 tons. T h e - 
U nited S tates consumed 365,200 tons o f lead; G erm any, 213,200 
tons; G reat B ritain, 199,500 tons; France, 110,400 tons; R u ss ia ,. 
38,300 tons. '

N ow . F o rm e rly . 
M arks . M arks . 
0 . 7 6 5 ' ]
0 . 8 5  0 . 9 0
0 . 9 3 5 J

1 .2 0  
1 . 3 0  
1 . 4 0  
1 . 5 0
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O f tin, 108,300 tons were produced in 1909, of which 61,500 
tons came from the Straits Settlem ents ports; 35,600 tons from 
B oliv ia; G erm any produced (m ainly from B olivian  ores) 8,990 
tons. T h e consum ption of tin w as distributed: U nited States,
42,800 tons; England, 17,500 tons; G erm any, 17,100 tons; 
France, 8,750 tons; and Belgium , 1,300 tons.

The zinc production in 1909 w as 783,200 tons, of which the 
U nited S tates contributed 240,446 tons; G erm any, 220,100 tons; 
and Belgium , 167,100 tons.

In 1909 the world produced 16,100 tons of nickel, the chief 
contributors being U nited States, 9,000 tons; Germ any. 3,100 
and England, 2,800 tons.

O f alum inium , 24,200 tons were produced and 30,800 tons con
sumed throughout the world, while the production of quick
silver am ounted to 3,200 tons, of which G reat B ritain  took 
1,445 and G erm any 723 tons.

POTATO STA R CH  IN GERM ANY.
(B y  V ice-C onsuI>G eneral F re d e r ic  W . C au ldw ell, o f  B erlin .)

Potatoes are the principal source of the starch m anufactured 
in G erm any, and th at potato starch, known as "kartoffelm eh l,”  
enters exten sively  into Germ an export trade.

The potatoes are first thoroughly washed and then mashed 
betw een h e a vy  rolling cylinders, on the surface of whiqh there 
are grooves and teeth to tear up the potato cells. T h e starch 
is washed out of this ground-up pulp b y  means of running water. 
T he resulting so-called “ starch m ilk ”  is first drained through 
w ire or m ilk screens or through perforated copper plates to  re
m ove the cell pulp, a fter which it is allowed to flow directly 
into cem ent settlin g v ats or caves, or it m ay first be led over 
sm all, getjtly sloping troughs or drains, upon which the purest 
of the starch then settles.

T h e starch from the settling v ats and from  the settling drains 
is  refined b y  being rinsed in stirring vats, and the im purities 
and cell substances are skim m ed or dipped off. T h e w ater is 
then rem oved b y  special centrifugal hydro-extractors and the 
resulting so-called “ green starch ”  is generally worked up into 
dextrin  and sugar. F or producing the starch of commerce it 
m ust be further dried in specially constructed drying chambers. 
T he potato pulp, or cell stuff, left over is subjected to a  renewal 
o f  the refining process, or it m ay be dried and fed to  stock.

(A  detailed report on potato-desiccating m achinery, b y  
Consul T hom as H . Norton, of Chemnitz, appeared in D aily  
Consular and Trade Reports of F ebru ary 19, 1910.)

IM PORTATION OF TUNGSTEN FROM  TH E PLAU EN DIS
T R IC T .

A ccording to Consul Carl B ailey  H urst, tungsten powder, 
heretofore rarely sent from  the Plauen district, w as shipped to 
the U nited S tates in 1909 to the value of $34,996. T his m etal, 
produced from  w olfram  ore found in th at district, has been used 
in G erm any in a  process for hardening steel. I t  promises to 
becom e an im portant item  of export as it is more extensively 
taken up in the Am erican steel works.

OFFICIAL R EG U LA TIO N S AND RULINGS.

N O T IC E  O F  JU D G M E N T  NO. 497, F O O D  A N D  D R U G S  ACT. 

I l l  t h e  C i r c u i t  C o u r t  o f  t h e  U n i t e d  S t a t e s  

S o u t h e r n  D i s t r i c t  o f  I o w a  

C e n t r a l  D i v i s i o n .

S h a w n e e  M i l l i n g  C o m p a n y ,  Complainant, 
vs.

M a r c e l l u s  L . T e m p l e ,  U nited S tates D is
trict A ttorney, and F r a n k  B . C l a r k ,

U nited States Marshal, Respondents.

No. 2492. 
E q u ity .

No. 2490. 
E q u ity .

T h e  U p d i k e  M i l l i n g  C o m p a n y ,  a  corpora
tion, Complainant, 

vs.
M a r c e l l u s  L. T e m p l e ,  as United S tates 

D istrict A ttorn ey for the Southern D is
trict of Iowa, F r a n k  B .  C l a r k  as U nited 
S tates Marshal for the Southern D istrict 
of Iowa, and A. B r o w n ,  full first name un
known, as F ood &  D rug Inspector of the 
U nited S tates D epartm ent of Agriculture,
Respondents.

S U IT S  T O  R E S T R A IN  S E IZ U R E S , U N D E R  S E C T IO N  10 
O F  T H E  A C T, O F  C O M P L A IN A N T S ’ F L O U R  

B L E A C H E D  B Y  T H E  A L S O P  P R O C E S S.

On or about Decem ber 14, 1909, the Shawnee M illing Co., a  
corporation, of Topeka, K ans., filed in the U nited S tates Circuit 
Court for the Southern D istrict of Iow a a  bill in equ ity  nam ing 
as defendants thereto M arcellus L . Tem ple and F ran k  B . Clark, 
U nited S tates A ttorn ey and U nited S tates Marshal, respectively, 
for said district, alleging th at said defendants were abou t to 
proceed w ithout w arrant of law  and to the detrim ent of com 
plainants’ rights to m ake seizures of flour bleached b y  the 
Alsop process, under Section 10 of the Food and Drugs Act, and 
further alleging th at said act-w as unconstitutional, and praying 
th at said defendants be enjoined from proceeding under said a ct 
and from m aking seizures o f com plainants' flour bleached as 
aforesaid pending the determ ination of this case.

Subsequent to the filing of the above bill the U pdike M illing 
Co., a  corporation, o f N ebraska, filed in said court a  similar bill 
against the same defendants and A. Brown, a  food and drug 
inspector of the U nited S tates D epartm ent of Agriculture, con
taining substantially the same allegations and prayers. T he 
m aterial allegations o f both bills of com plaint appear more fu lly  
in the opinion of the court hereinafter set out.

T o  both bills of com plaint the defendants filed a  demurrer 
alleging as grounds therefor th at com plainants’ bill failed to 
a n y  cause which would entitle them to the relief sought in said 
bills.

On A pril 26, 27, and 28, 1910, the cases cam e on’ for hearing 
and the questions of law  raised b y  the bills of com plaint and the 
dem urrers thereto w ere fu lly  argued to the court. On M ay 10, 
1910, a fter full consideration, the court dismissed com plainants’ 
bills, delivering the following opinion: 

o p i n i o n . .
S m i t h  M c P h e r s o n ,  Judge.

Each of these tw o cases is b y  a  bill in equity, p ractically  the 
same. One of the com plainants, U pdike M illing Com pany, is a  
corporation under the laws of N ebraska, there engaged in the 
business of m anufacturing w h eat into flour both for dom estic 
use, and for shipm ents into Iow a and other states for sale and 
consum ption. T he other com plainant, Shawnee M illing Com 
pany, is a  corporation under the law s of Kansas, there engaged 
in a  like business, sales and shipments.

T he defendants are the U nited S tates A ttorn ey and M arshal 
for this D istrict, and the relief sought is to  enjoin the respondent 
officers from having issued, or serving process for seizing com 
plainan ts’ flour in interstate shipm ents under the N ational 
Pure Food statute of June 30, 1906.

The allegations are th at com plainants’ flour is whitened and 
aged b y  a  process, and that the same is not harm ful, bu t is more 
nutritious, wholesome and a ttractiv e  for m aking bread. I t  is 
not alleged in the bill of cbm plaint in term s th at the flour is 
bleached b y  the Alsop process as covered b y  certain English 
and Am erican patents as set forth b y  the C ircuit Court of A p 
peals for this circuit in the case of N aylor vs. Alsop Process 
C om pany (168 Fed. Rep., 911), bu t all the argum ents, both b y  
briefs and orally, were on that state o f facts. Counsel for the
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U nited States have appeared for the defendants, thereby in 
effect m aking the cases controversies betw een the United S tates 
G overnm ent on the one side, and western flour mill owners on 
the other, who bleach their flour b y  the agency of nitrogen per
oxide under the Alsop Paten t process.

A  literal reading of the bills t>f com plaint will show th at th ey 
are fairly  subject to the criticism , th at the allegations as to the 
aging, whitening and im proving the flour are largely b y  the use 
•of adjectives and adverbs, instead of reciting just w h at is done; 
how the flour is aged; how whitened; how made more nutritious; 
w h y not harm ful; and w h y better b y  the use of some agency 
not named nor described. B ut this criticism  need not be 
elaborated. T h e cases are now for determ ination on demurrers 
to the bills of com plaint, and sufficient allegations appear to 
cover the rulings now to be made.

A  bill in equ ity  in which the w rit o f injunction can issue to 
enjoin the enforcement of a  criminal or penal statute is allow 
able only when:

1. Such statute is unconstitutional or otherwise invalid;
2. In an attem pt to  enforce such invalid statute, rights of 

property are invaded and tram pled on; or,
3. T he often repeated attem p ts to enforce such invalid  statute 

creates a m ultiplicity of actions which are of them selves op
pressive.

T he im portant and recent case of E x  parte Y o u n g (209 U. S. 
123) illustrates this, in which case it was held th at a bill in equ ity 
would confer jurisdiction because of the oppressive penalties if 
an effort should be made to protect the rights of property. 
In  C ity  of H utchinson vs. Beckham  (118 Fed. Rep., 399), the 
Circuit Court of Appeals for this district held th at an injunction 
should issue against the prosecution of cases under an invalid 
ordinance requiring an illegal license, which would be followed, 
b y  m any crim inal, prosecutions. In  Dobbins vs. Los Angeles 
(195 U. S ., 223,241), the holding w as clearly  and tersely stated:

“ It is well settled th at where property rights will be destroyed 
law ful interference b y  crim inal proceedings under a  void law or 
ordinance m ay be reached and controlled b y  a decree of a  court 
o f equ ity .”

B u t if property rights are not invaded, then a  court of equ ity  
ordinarily will not interfere, because the defense as to the in
valid ity  of the statute can be urged in the crim inal or penal 
action or special proceeding. Thus, in the case of In re S aw yer 
(124 U. S., 200), it w as held that proceedings for the ouster of a 
c ity  officer could not be enjoined for the alleged in valid ity  of 
the law under which the proceedings were being conducted. 
And of like holdings are the cases of H ardrader vs. W adley 
(172 U. S ., 148), and F itts  vs. M cGhee (172 U . S., 516).

And if the proceedings for seizure are to be regarded as civil, 
then section 723, R . S., will prohibit the'filing of a  bill in equ ity  
to enjoin the enforcem ent of a  valid  statute.

In the one case now before the court, the bill of com plaint 
recites th at several seizures of flour were made in this judicial 
district, and a fter a num ber of efforts b y  the com plainant to 
have the cases subm itted to the court w ith  or w ithout a jury  
for a  hearing 011 the merits, the G overnm ent dismissed the 
eases, after the flour thus seized had deteriorated in qu ality  and 
value.

'In  the cases now before the court as property rights are in
volved, bills in equ ity will be entertained, provided the statute 
Under which the G overnm ent claim s the rights to proceed is not 
a  valid one. Herein is the question in the case; that is to 
say, Is the pure food statute of June 30, 1906, a  valid enactm ent? 
D id Congress have the power to enact it? Is it w ithin the com 
merce clause of the Constitution, or is it  a  mere police regulation 
erroneously garbed and cloaked as a  regulation of commerce?

Good, sound w heat of the best variety, properly and tim ely 
harvested, put through the “ sw ea t"  in the stack, w ell ground 
and boited ,’ m a k e s1 n utritious, wholesome, and w hite flour.

T his fact is so generally known th at courts will -take judicial 
notice of the fact.

It is said th at flour m ade from new and poorer w heat, not 
“ sw eated,”  and m ade b y  the process covered b y  the English 
patent of Andrew’s, or the Am erican p atent of Alsop as illustrated 
in the p atent decision hereinbefore referred to (168 F ed. Rep., 
911), w ill also be equally white. T his is quite lik ely  true. B u t 
is it  equ ally  pure, equally nutritious, or is it adulterated and 
poisoned?

T his court in these cases is not to  decide those questions. 
Nitrogen peroxide under the Andrews p atent is produced by 
com bining nitric acid w ith a m etallic compound. U nder the 
Alsop patent it is produced b y  subjecting atm ospheric a ir to a 
flam ing electric arc. I t  is claim ed b y  some th at nitrogen 
peroxide is the agent for bleaching flour under both patents, 
while others claim th at it is the ozone th at does the effective 
work, while the nitrogen paroxide is a  by-product when the 
ozone is thereby created.

W hatever the truth is as to w h at does the bleaching, it is both 
claim ed, and'denied, b y  chem ists who ought to be able to  agree, 
th at the flour is poispned b y  such process. B u t it  is known 
that after the air is thus subjected to continuous flam ing elec
trical discharges, th at the result and gas is conveyed by means 
of pipes to a  com partm ent and there is com m ingled w ith the 
flour agitated or in a  cloud, and thus subjected to said trea t
m ent it becomes dry and white. The result of it all is th a t new 
w h eat and of an inferior qu ality  is converted into flour w ith the 
appearance of flour from a  better w heat th at has been aged b y  
time.

The G overnm ent contends th at flour thus bleached is flour 
in the language of the statute “ w hereby inferiority is con
cealed,”  and th at “ it contains added poisonous ingredient 
w hich m a y  render such article (flour) injurious to health .”  
T h e patentees and the millers deny this.

Here is a  question for determ ination b y  a ju ry , or. b y  the 
court if a  ju ry  is w aived, and not to be determ ined in this case if 
the statute is valid.

Several of the states w ithin the past few years have enacted 
pure food statutes. Congress June 30, 1906, enacted the statute 
in question. A ll these statutes were enacted to cure evils well 
nigh intolerable th at had grown up during this age of greed and 
avarice and comm ercialism th at has made m oney-getting the 
prime object of life  w ith so m any. T he evils were such that 
much of the foods w e ate, whether m eats of any kind, including 
fish, and poultry, or fruits in all forms, and breadstuffs, were so 
adulterated and “ loaded”  or “ doctored”  as to deceive the con
sumer. And the same w as true of flavors and condiments. 
T h e evil as to confectionery and flavors and extracts was as 
great. S till greater w as the evil as to drugs and medicines. 
In fact the evils were everyw here present, as to food and m edi
cine, and other things. And to elim inate some of these evils 
and to enable the purchasers to receive w hat th ey  ordered and 
paid for, m any states passed statutes aimed a t those frauds. 
B ut it w as soon found th at the states in some instances were dis
posed to condone as to some articles of local m anufacture, and 
in m any other instances the states were powerless to work out a 
rem edy. Thereupon Congress, actin g upon the theory th at the 
evil was of national concern, enacted the statute in ‘ question. 
The debates in Congress show th at the measure w as earnestly 
fought as being one of paternalism , and a  police regulation w ith 
which the states on ly could act.

T he Secretary of Agriculture, Mr. W ilson, performed his d u ty  
both in letter and spirit when he subm itted the question as to 
flour bleached b y  nitrogen peroxide to the B oard of Food and 
D rug Inspection. And the board, the Secretary concurring, 
a fter a  hearing given to all parties in interest, found th at such 
flour is in contravention of the statute. Such finding is not 
binding as against the parties thus bleaching flour. B u t it is
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conclusive as against all criticism  for m aking the seizures and 
bring the question before the courts for determ ination.

Congress is given the power to provide for the general welfare 
of the U nited States. B u t w ithout doubt if this legislation is 
sustained, i t  is because of th at provision of the Constitution th at 
provides th at Congress shall have the power to regulate 
com m erce am ong the several slates. T h a t provision is the life 
o f the nation, and to adopt w hich w as the great concern of the 
convention of 1787. Im portant as it  is, it is ever before the 
courts. I t  gives great comfort to all who believe in one common 
cou ntry, and y e t is antagonized oftener than a n y  other pro
vision of the Constitution, b y  those whose shield of defense is 
articles 9 and 10 of the am endm ents, as to the reserved power 
of the States.

No one claim s th at Congress can be the sole judge of its 
powers. A ll thoughtful persons concede th at any court having 
jurisdiction in the first instance m ust pass upon the question 
of the powers of Congress, and th at it is for the Suprem e Court 
in the end to finally set the m atters a t rest. B u t so careful have 
our Congresses and Presidents been, th at for the first hundred 
years of our G overnm en , the Suprem e Court found it necessary 
to hold th at Congress had exceeded its powers in only tw en ty 
instances. (See A ppendix to Volum e 131, U . S. Reports, p. 
c c x x x v .)  And of those tw en ty  statutes thus held void, not one 
related to comm erce. Since then, the Suprem e C ourt has held 
three Congressional enactm ents void. One w as a statute m ak
ing a  judgm ent of con victin g conclusive evidence against a party 
in another case. (K irb y  to. U . S . Farm ers Loan Co., 157 U. S., 
429, and 158 U. S., 601.) T he other, and on ly one from the 
organization of our G overnm ent to date as to commerce, is that 
of the em ployers’ lia b ility  statute, enacted under the claim th at 
the com m erce clause would sustain it. (The Em ployers’ L ia
b ility  Cases, 207 U. S., 463.) I f  other enactm ents of Congress 
have been held void b y  the Suprem e C ourt such cases have been 
overlooked, and it is believed there are none other. There are 
alm ost innum erable decisions touching the power of the states 
w ith  reference to com m erce. I t  would be to no purpose to dis
cuss m any of these authorities. And it would be needless waste 
of energy to discuss the m any decisions relating to the use of the 
m ails, for the obvious reason that a distinct clause of the Con
stitution  empowers Congress to control our postal system , 
and there is not the slightest difference w hether the m ails thus 
carried are state or interstate.

Neither the court nor the parties are aided b y  a  review  of 
those m atters. I t 'm u st belaud is conceded that police regula
tions alone are for the S tate, and not for Congress to deal with.

B u t it does not follow th at if the subject m atter to be regu
lated is one of comm erce, th at it is for the state alone to  deal 
w ith, because such subject m atter is also one th at pertains to 
the morals, health, or good order of the com m unity.

T hu s when the question arose as to the inspection of m eats for 
food, legislatures claim ing th at they alone could determ ine when 
and to w h at exten t police regulations should be carried, the 
Suprem e Court decided th at such inspection also impinged upon 
the righ ts of commerce and were therefore void. (Minnesota 
vs. Barber, 136 U. S., 313; Brim m er vs. Rgbman, 138 U . S., 
78.)

I t  w ill serve no purpose to discuss the principle upheld in 
W ilson vs. B lackbird Creek C om pany (2 Peters, 245), that the 
S tate  can regulate certain interstate comm erce of a local char
acter, if Congress had not acted, nor of th at other principle 
upheld by  Congress that the S tate  can legislate w ith reference 
to liab ility  of a  p arty  when doing an interstate business when 
Congress has not acted. (Sherlock vs. Ailing, 93 U. S., 99.) 
T he.com plete  answer to those suggestions is th at in the m atter 
now before the court, Congress has acted. The question now 
for consideration is not as to the power of the S tate  relating to 
commerce, as held in Sm ith vs. A labam a (124 U. S., 463), up

holding a  state  statute requiring a  locom otive engineer even 
though operating an interstate train to subm it to tests for color 
blindness.

The question here is as to the power of Congress over articles 
of interstate commerce, even though such articles in the end 
become subject to state statutes. No one doubts b u t th at 
w heat and flour, as well as all articles of food, are subjects of 
comm erce, and when carried over and across state lines, are 
subject to be regulated by Congress. And it is no answer to 
say, th at when adulterated, or wrongly labeled, because in the 
end th ey will fall under a  state  statute, th at th ey  when being 
shipped can not be covered b y  a  congressional enactm ent. 
T he liquor cases illustrate this. Because of all the subjects of 
com m erce there is no one thing more peculiarly and distin ctly  
and appropriately subject to regulation b y  the S tate  even to the 
exten t of prohibition than are intoxicating liquors. And ye t 
Congress legislates w ith reference to liquors. The W ilson A ct 
of 1890 provided th at when liquors arrived in a  S tate  th ey  should 
be subject to S tate  laws. This statute was upheld in the case In 
re R ahrer (140 U. S., 545), thereby m odifying the practical 
effect of the holding in Leisy vs. H ardin (135 U. S., 100), th at the 
S tate  could not interfere b y  legislation as to liquors shipped inter
state as long as the liquors were in the original packages, while 
in Rhodes vs. Iow a (170 U. S ., 412), it was held th at the liquors 
m ust be in fact and actu a lly  delivered to the purchaser before 
the S tate  law s became effective as to such interstate shipment. 
No one should doubt bu t th at legislation by Congress can con
trol the interstate subject of commerce for a  tim e at least, and 
then the S tate  b y  a police regulation can control.

I f  liquors do not sufficiently illustrate the question, lo ttery  
tickets will. T he Louisiana L o ttery  was conducted b y  men of 
high repute and m uch renown. B u t it becam e a  national 
scandal. I t  w as struck at by  denying it the use o f the mails. 
The legislature of the S tate  gave it encouragem ent; even its 
life. B u t Congress provided in addition th at it should be a 
crime to carry  lo ttery  tickets from one S tate  to another by  
means other than through the mails. Can a n y  person doubt 
but th at the Louisiana L o ttery  was or could have been made 
subject to  the law s of Louisiana? And ye t this congressional 
enactm ent w as upheld in the L o ttery  Case (188 U. S., 321). 
B u t little  need be said of that case. I t  was argued b y  counsel 
of great eminence. It  w as argued upon tw o separate occasions. 
I t  received the fullest consideration b y  the Supreme Court. 
A p p aren tly  no other case th at w as ever before th at court re
ceived more attention and fuller consideration. Counsel for 
com plainants herein concede all these things. And the only 
answer th at has been made, or th at can be made to th at case, 
is in the statem ent th at the case w as decided b y  a  divided court, 
four justices dissenting. I t  m ay be, or it m ay not be, th at that 
weakens the case as an auth ority. It is barely possible th at 
later on, th at court changing as to its personnel, the decision 
m ay be overruled. B u t such reasoning is a  mere speculation. 
On the other hand the fact th at the court w as so divided em 
phasizes the fac t th at the court gave great consideration to the 
question. B u t be .these things as th ey  m ay, it  is not for this 
court to usurp the prerogative b y  blindly declining to follow 
that decision. T h a t decision stands, and as long as it stands, 
it is the law  of the country, and this court not only must, but 
does cheerfully observe it in all its  phases.

Much more could be said. C ases com m encing w ith G ibbons 
vs. Ogden, and then to date, could be reviewed. The question 
could be illustrated in m any w ays. B u t all that would be to no 
purpose; it  would be academ ic.

Congress has enacted a  safety appliance law  for the preserva
tion of life and limb.

Congress has enacted the anti-trust statute to prevent im 
m orality  in contracts and business affairs.
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Congress has enacted the live  stock sanitation act to prevent 
cruelty to animals.

Congress has enacted the cattle  contagious disease a ct to more 
effectively  suppress and prevent the spread of contagious and 
infectious diseases of live stock.

Congress has enacted a  statute to enable the Secretary of 
A griculture to  establish and m aintain quarantine districts.

Congress has enacted the m eat inspection act.
Congress lias enacted the em ployers’ liab ility  act.
Congress has enacted the obscene literature act.
Congress has enacted the lo ttery  statute above referred to.
Congress has enacted (but a  year ago) statutes prohibiting the 

sending of liquors b y  interstate shipment w ith  the privilege of 
the vendor to  have the liquors delivered c. o. d., and to prohibit 
shipm ents of liquors except when the name and address of the 
consignee and the q u an tity  and kind of liquor is plainly labeled 
on the package.

T he statutes, police regulations in m any respects, are alike 
in principle to  the act of June 30, 1906, under consideration. 
Can it  be possible th ey are all void?

T h is statute b y  its title, and b y  its every  provision plainly 
shows th at it is w ith reference to commerce, and th at it is not 
w ith reference to local police regulations.

I t  is also contended th at so much of Section 7 of the statute 
as relates to food is void because no standard has been fixed.

T h a t argum ent is m ade because drugs are fixed b y  a standard 
recognized b y  the U nited S tates Pharm acopoeia or N ational 
Form ulary, and as to  confectionery a  standard is fixed b y  de
claring w h at confectionery shall not contain. W hereas as to 
foods no standard has been fixed. It  is a  fa c t m ost obvious 
th a t no standard could be fixed other than w as done b y  Congress. 
T h e one provision as to food is, th at it shall not be m ixed so as 
to  reduce or lower or injuriously affect its q u ality  or strength. 
A nother provision is th at some substance shall not be substituted 
w h olly  or in part for the article. A nother provision is th at 110 
valuable constituent of the article shall be abstracted. Another 
provision is th at it shall not be m ixed, colored, powdered, coated, 
or stained in a manner w hereby damage or inferiority is con
cealed. A nother provision is that poisonous or other deleterious 
ingredients shall not be added. Still another provision is th at 
filth y, decomposed, or putrid substance shall not be added. 
A nd so on more in detail than herein enum erated. These pro
visions present questions of fact as to every  alleged contraband 
article. T his objection is w ithout m erit.

T his ease w as argued upon both sides w ith most signal ability, 
displaying much learning, and w as argued a t  great length. 
T h e case has received from  th is court the fullest consideration, 
and the conclusions ajre th a t these bills in equ ity  cannot be m ain
tained, and therefore w ill be dismissed.

D e s  M o in e s , I o w a , M ay 10, 1910.
Jam es W ils o n ,  

Secretary oj Agriculture.
W a s h in g t o n , D . C., June 25, 1910.

N O T IC E  O F  JU D G M E N T  NO. 498, F O O D  A N D  D R U G S  A C T.

In the case of the U nited S tates ex  rel. Alsop Process Com 
pany, petitioner, to. Jam es W ilson, Secretary of Agriculture, a 
m andam us proceeding in the Supreme Court of the D istrict of 
Colum bia to  restrain the S ecretary of A griculture from pub
lishing and circulating F ood Inspection Decision No. 100 of the 
United States D epartm ent of A griculture relative to flour 
bleached b y  the Alsop Process, and to  compel cancellation of 
said decision.

On or about January 23, 1909, the Alsop Process Com pany 
filed in the Suprem e Court of the D istrict of Colum bia a  petition 
for a  w rit of m andam us directed to the S ecretary of A griculture 
alleging in substance th at relator is a  corporation engaged in the

business of m anufacturing and selling m achinery and apparatu s 
used b y  millers for the bleaching of flour b y  so-called Alsop 
Process (giving a description of said process), and further, th at 
the Secretary of A griculture caused hearings to be held to deter
m ine whether flour bleached b y  the Alsop Process w as ad u l
terated w ithin the provisions of the Food and D rugs A c t o f  
June 30, 1906, and after hearing the evidence for and against 
flour thus bleached, decided that, in his judgm ent, flour so 
bleached w as adulterated w ithin the m eaning o f the aforesaid 
act, and th at the Secretary of Agriculture, w ithout w arrant or 
color of law, published and caused to be published the said 
decision designated as Food Inspection Decision No. 100, which 
publicly  condemned as adulterated w ithin the m eaning of the 
Food and D rugs A ct flour bleached b y  relator’s process to th e 
great dam age of its business. T h e petition prayed th at th e 
Secretary of A griculture be comm anded to  revoke and cancel 
and annul said decision and not to deliver or circulate additional 

•copies thereof.
U pon the filing of the petition the court issued a  rule directed 

to the Secretary of A griculture as respondent requiring him to  
show cause b y  a certain date therein named w h y the prayer of 
said petition should not be granted.

Respondent d u ly  answered said petition and to this answer 
the relator filed a  demurrer. T he case cam e on for hearing 
upon the questions raised by the above-m entioned pleadings 
and the court overruled relator’s demurrer. T he following is  
the opinion of the court delivered b y  Mr. Justice Stafford:

I n  t h e  S u p r e m e  C o u r t  o p  t h e  D is t r ic t  o p  C o l u m b ia .

U n it e d  S t a t e s  o f  A m e r ica  e x  r e l .  A ls o p  P r o c e s s  

Com pany, Petitioner,
J a m e s  W il s o n , S e c r e t a r y  o f  A g r ic u l t u r e ,

Respondent.

OPINION OF THE COURT.

B y  S t a f f o r d , J.

T his is a  petition for a  w rit of m andam us. A  rule to show 
cause w as issued w hich the respondent has answered and to this 
answer the petitioner has demurred. The case w as heard upon 
the demurrer and would have been disposed of a t the tim e had 
it not been th at the court understood th at the parties desired 
th at an opinion should be filed dealing fu lly  w ith  all the points 
involved. T he case has been le ft  undisposed o f in the hope th at 
opportunity would be found to prepare such an opinion, b u t the 
pressure of other duties having thus far prevented, and no 
likelihood appearing th at the same can be done w ithin the 
n ex t few days, it is  thought best to dispose of the case w ithout 
answering categorically the num erous points m ade in the brief 
of the petitioner. A fter all w h at the case am ounts to  is this. 
T he S ecretary of Agriculture has m ade up his mind th at bleached 
flour is obnoxious to the provisions of the pure food a ct and has 
m ade th at opinion public, announcing a t the tim e th at after six 
months, during which tim e the m anufacturers and dealers w ill 
have an opportunity to  adjust them selves to the situation, 
he w ill call upon the respective district attorn eys to proceed 
against violators of the law. T he petitioner claim s to be the 
owner o f a  p aten t on the bleaching process and to be injured 
b y  the announcem ent o f this opinion and intention. H e is not 
the owner of a n y  flour; he m erely owns the p atent and m akes 
and sells the m achinery. H e says th at the Secretary did not 
proceed according to the provisions of the pure food law  in 
m aking up his mind; th at he had no right to tell the public w h at 
opinion he had form ed, nor w h at course he intended to  pursue; 
th at if he is going to recomm end prosecutions a t a ll he is bound 
to do so a t once and not w ait six m onths. He therefore asks 
this court, b y  the great w rit of mandamus, to com m and the 
Secretary to vacate his decision, to  take back w h at he has 
said, and hereafter to proceed strictly  according to the law. 
T he mere statem ent o f the proposition seems to furnish its  own

A t L aw  
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answ er and to render an elaborate opinion unnecessary. T h is  
cou rt cannot change tlie fa c t th at the Secretary entertains this 
opinion, nor the fact th at he intends to call on the district 
a tto rn eys to  test the case in the courts. I t  cannot comm and 
him not to m ake his opinion and intention known and if it 
could it  would be useless for he has already made it known, and 
the petitioner itself is m aking the fact still more w idely known 
b y  this proceeding. T he m erits of the real question, nam ely, 
w hether flour subjected to the bleaching process m ay be sold 
w ithout violatin g the pure food law, is one th at w ill u ltim ately 
be determ ined b y  the courts. In  the m eantim e the Secretary 
is not v io latin g  a n y  law in having an opinion and in telling the 
public w h at it  is.

T he dem urrer is overruled.
W e n d e l l  P .  S t a f f o r d ,

Justice.

T h e said Alsop Process C om pany stood upon its dem urrer 
and prosecuted an appeal from the aforesaid judgm ent to the 
C ourt of A ppeals for the D istrict of Colum bia. The case was 
then heard b y  said court on appeal and the judgm ent of the 
lower court w as affirmed. T he follow ing opinion b y  Mr. Justice 
R obb w as rendered b y  the appellate court:

U n i t e d  S t a t e s  o f  A m e r i c a  e x  r e l a t i o n  A l s o p  
P r o c e s s  C o m p a n y ,  Appellant, 

vs.
J a m e s  W i l s o n , S e c r e t a r y  o f  A g r i c u l t u r e .

T his is an appeal from the Suprem e C ourt of the D istrict 
overru ling the dem urrer of the relator to an answer of the de
fendant, appellee, here to a  rule to show cause w hy a m andam us 
should not be issued against him.

In its  petition the relator states that it is a  corporation of the 
S ta te  of Missouri engaged in the m anufacture of flour bleaching 
m achinery, w hich is sold throughout the United States and else
where and is exten sively  used b y  millers for bleaching flour. 
T he process for which this m achinery is designated is known 
as the “ Alsop Process”  and is covered b y  p atent which is 
owned b y  the relator. T h e bleaching of flour b y  this process is 
accom plished b y  the passage of pure air through a  flam ing dis
charge of e lectricity  and the application of the resultant gaseous 
medium to the freshly milled flour as the latter passes through 
an agitator. T he flour thus treated, the relator states, has no 
substance m ixed and packed w ith  it so as to  reduce or lower or 
in juriously affect its qu ality  or strength, is n ot deprived of a n y  
valuable substance, nor has i t  been m ixed, colored, or treated 
in a n y  m anner w hereby inferiority is concealed, and contains 
no deleterious ingredient or other elem ent injurious to health. 
T he relator further states th at prior to N ovem ber 18, 1908, the 
S ecretary of A griculture inserted, or caused to be inserted, in 
certain m illing journals and other periodicals throughout the 
cou ntry a  notice to the effect th at a  hearing would be held on the 
subject of bleached flour a t the D epartm ent of A griculture on 
N ovem ber 18, 1908, a t  which tim e the relator says it w as present 
b y  a  d u ly  authorized officer and b y  an attorney, and th at the 
hearing w as also attended b y  m any millers from various parts 
of the cou ntry: th at th is hearing was continued five days, and 
testim ony for and against said process w as introduced; th at the 
attorn ey for the relator conducted the case for the millers 
favoring the bleaching process; th at the relator’s m anager gave 
extended testim ony a t this hearing; th at the entire proceedings 
were transcribed b y  a  stenographer and made accessible to the 
public generally. This hearing, the relator avers, w as w ithout 
color o f auth ority  of law . T h e petition further states th at on the 
10th of December, 1908, the said Secretary of Agriculture un
law fu lly , arbitrarily, and oppressively, and w ithout color or 
righ t of law  issued, the following bulletin:

FOOD IN SPEC T IO N  D ECISION IOO.

Bleached Flour.

“ Flour bleached w ith nitrogen peroxide, as affected by the 
Food and D rugs A ct of June 30, 1906, has been made the subject 
of a  careful investigation extending over several months.

“ A public hearing on this subject w as held b y  the S ecretary 
of A griculture and the Board of Food and D rug Inspection, 
beginning N ovem ber 18, 1908; and continuing five days. A t 
this hearing those who favored the bleaching process and those 
who opposed it were given equal opportunities to be heard.

“ It is m y opinion, based upon all the testim ony given a t  the 
hearing, upon the reports of those who have investigated the 
subject, upon the literature, and upon the unanim ous opinion 
of the B oard of Food and D rug Inspection, th at flour bleached 
b y  nitrogen peroxide is an adulterated product under the Food 
and D rugs A ct of June 30, 1906; th at the character of th e  
adulteration is such th at no statem ent upon the label will 
bring bleached flour w ithin  the law ; and th at such flour 
cannot legally  be m ade or sold in the D istrict of Colum bia o r  
in the Territories; or be transported or sold in interstate com 
merce; or be transported or sold in foreign comm erce e xcep t 
under th at portion of Section 2 of the law which reads:

“ * * * Provided th at no article shall be deemed mis
branded or adulterated within the provisions of this a ct when 
intended for export to a n y  foreign country and prepared o r  
packed according to the specifications or directions of th e  
foreign purchaser when no substance is used in the preparation 
or packing thereof in conflict w ith the law’s of the foreign cou n try  
to which said article is intended to be shipped; * * *

“ In view  of the e xten t of the bleaching process and of th e  
immense qu an tity  of bleached flour now' on hand or in process 
of m anufacture, no prosecutions will be recomm ended b y  this. 
D epartm ent for m anufacture and sale thereof in the D istrict 
of Colum bia or the Territories or for transportation or sale in 
in terstate  or foreign com m erce, for a  period of s ix  months, 
from the date hereof.

J a m e s  W i l s o n ,  
Secretary 0/ Agriculture. 

W a s h i n g t o n ,  D. C., Decem ber 9, 1908.”

T h e prom ulgation and circulation of this bulletin, the relator 
states, has worked irreparable harm  and in jury to  it, and in 
effect deprived it  of its property w ithout due process of law  
“  in th at since the issuance and prom ulgation of said unlaw ful 
decision aforesaid b y  the respondent herein, and b y  reason thereof 
you r petitioner has been unable to sell its patented process 
and apparatus aforesaid, the prospective purchasers of said 
patented process and apparatus aforesaid, refusing to buy and 
install the same for fear th at th ey  or their custom ers will, upon 
the recom m endation of the Secretary of Agriculture, be prose
cuted for m anufacturing or selling an adulterated food product 
in violation of the provisions of said Food and D rugs A ct, 
June 30, 1906.”  T he petition closes w ith a  prayer th at th e 
w rit of m andam us issue to compel the Secretary of A gricu lture 
to  withhold recom m endation of prosecutions against manu
facturers of and dealers in flour bleached b y  said Alsop Process; 
to revoke, cancel and annul said decision of said Secretary, 
and not to deliver or circulate additional copies thereof, and 
th at the Secretary of A griculture be comm anded to proceed 
re lative  to the subject of bleached flour in strict conform ity 
w ith said Food and D rugs A ct and the regulations of the De
partm ent prom ulgated thereunder.

A  rule to show cause was issued. In the answer filed b y  the 
Secretary he states “ th at it  does not appear b y  the said petition 
th at the said relator has an y  right, title, or interest in the m atters 
affected b y  the judgm ent and action of your respondent referred 
to in the said petition, and is not a  p arty  to nor legally  interested 
in the proceedings in which said judgm ent and action of you r
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respondent have been m ade.”  H e adm its the relator owns 
the patent known as the “  Alsop Process”  for bleaching flour, 
bu t claim s th at its patented rights are w h olly  collateral to the 
right of said Secretary of A griculture to decide w hether flour 
bleached b y  the use of nitrogen peroxide is dele
terious and adulterated w ithin the m eaning of said Food 
and D rugs A ct; th at the patenting of said process confers no 
right on relator and gives it no statu s to compel the respondent 
to change or revoke his decision th at flour so bleached is ad u l
terated. T he answer denies that, the effect of flour b y  the use 
o f  said process is as stated in the petition; on the contrary, 
the answ er states “ that the flour which is bleached is reduced 
and lowered in its qu ality  and strength; th at the said flour 
is so artificially  colored as to conceal inferiority, and th at it 
contains a  poisonous and deleterious ingredient w hich has been 
added, and th at the said flour is deleterious and injurious to 
h ealth .”  T he respondent in his answer further says " t h a t  the 
bleaching of the said flour is affected b y  nitrogen peroxide, 
and th at the resultant product is deleterious and is adulterated 
w ithin  the m eaning of the aforesaid Food and Drugs A ct approved 
June 30, 1906"; that for m any m onths prior to Novem ber 18, 
1908, the respondent had m ade an exhaustive inquiry into the 
character, composition and purity  of bleached flour and had 
caused the m atter to be investigated exh au stively  b y  the Bureau 
of C hem istry of his D epartm ent, and “  th at from all the evidence 
adduced it w as conclusively established th at flour bleached 
w ith  nitrogen peroxide w as adulterated w ithin the m eaning 
o f said Food and D rugs A ct;”  that in the exercise of abundant 
caution, however, the Secretary decided to renciv the investiga
tion and to consider the m atter more fully  before finally deciding 
under the auth ority  of said A ct w hether said bleached flour 
w as adulterated; th at accordingly he issued a  notice for said 
public hearing; that this hearing w as entirely advisory; and that 
the millers and m anufacturers and others who attended did so 
voluntarily. The result of this hearing, the Secretary says, 
was to put him in possession of further and additio.ia' evidence 
relative to the subject; th at this hearing w as authorized both 
im pliedly b y  the provisions in said Food and D rugs A ct and 
expressly by the provisions of the A gricultural Appropriation 
A ct of Congress of M ay 23, 1908; lh at after due consideration 
he decided that flour bleached b y  the use of nitrogen peroxide 
is adulterated w ithin  the m eaning of said Food and Drugs 
A ct and forbidden b y  the term s of said A ct, and th at he there
upon announced and published said decision of Decem ber 10, 
1908; th at this decision in no wise mentioned or in any w ay 
relates to the relator, and that, therefore, it has no status to seek 
a n y  relief or redress in connection therewith. The Secretary 
in his answer denies the averm ents of the petition th at his action 
w as w ithout right or color of law , denies the jurisdiction of the 
■court to grant the writ, and states th at he 11 passed no judgm ent 
upon the m achinery of the relator, and has no jurisdiction over 
the same, nor concern therewith. T he said relator is not an 
owner of bleached flour nor a  m anufacturer of the same. T he 
judgm ent of the said respondent has to do only w ith the bleached 
flour, the product itself, and has no jurisdiction over or concern 
in  one of the kinds of process b y  which the said product m ay 
be secured. And respondent subm its th at the claim s of the 
said relator are w holly collateral, and th at its petition fails 
to show a n y  legal dam age.”

T o this answer a  demurrer was filed, which was overruled, 
:and, relator choosing to stand upon its demurrer, final judgm ent 
wras entered, and this appeal taken.

The first question to be disposed of is whether the interest 
o f the relator in the subject m atter involved is of such a  nature 
.as to entitle  it to m aintain this proceeding. T he decision of

the Secretary of Agriculture, which is here sought to be chal
lenged, is to the effect th at flour bleached b y  nitrogen peroxide 
is an adulterated product under said Food and D rugs Act. 
N either the relator nor its  process is mentioned in this decision. 
T he relator is neither the owner nor the m anufacturer of bleached 
flour. I ts  sole excuse for attem pting to stay  the hand of the 
S ecretary is th at since the prom ulgation of this decision b y  the 
S ecretary it has been unable to sell its patented process and 
apparatus ow ing to the fear of prospective purchasers th at upon 
the recomm endation of the Secretary th ey w ill be prosecuted 
for m anufacturing or selling an adulterated food product.

W hile it is true th at there is a  distinction between cases where 
the extraordinary aid of m andam us is invoked m erely for the 
purpose of enforcing or pretecting a  private right and cases 
where the purpose of the application is the enforcem ent of a  
purely public right, the people a t  large being the real p arty 
in interest (High on E xtraord inary  Remedies, Parg. 430; 26 
C Y C  404 and cases there cited), it has never been held, a t least 
to our knowledge, that such an indirect and collateral interest 
as is here shown w ill suslain a  petition for the writ.

The relator as a corporate en tity  has no interest in the en
forcem ent of duties ow ing b y  the Secretary to the public. I t 
seeks to arrest the operations of an E xecu tive D epartm ent 
of the G overnm ent solely because the indirect effect of the 
prom ulgation of an opinion b y  the head of the D epartm ent 
has been to cause m illers to  cease purchasing re la lor’s m achinery. 
In all the cases relied upon b y  relator m andam us was granted 
to secure to the relator’s rights which they were entitled personally 
to enjoy. Measured by this test, it is apparent that the relator 
has no such interest in the subject m atter of this controversy 
as to entitle  it to the w rit. Being neither an owner nor a  m anu
facturer of bleached flour, its legal rights were not involved or 
invaded b y  the action of the Secretary. It is a mere volunteer 
in this proceeding and as such is w ithout standing.

There is some analogy between a  suit in equ ity  for the ab ate
ment of a  public nuisance and the present case. Y e t  it is well 
settled th at such a  suit w ill not be sustained unless the com 
plainant shows special, direct, and m aterial dam ages; George
town v. A lexandria Canal Co., 12 Peters, 91; Irw in v. D ixon 
et al., 9 How. 9; S tate of Penna. v. W heeling Bridge Co., el al., 
13 How'. 518; Miss. &  Mo. R . R . Co. v. W ard, 2 B lack, 485. 
In the case last cited it w as said: “ A  bill in eq u ity  to abate a 
public nuisance, filed b y  one who has sustained special damages, 
has succeeded to the form er mode in England of an information 
in chancery, prosecuted on behalf of the Crown, to abate or 
enjoin  the nuisance as a preventive rem edy. T he private 
p a rty  sues rather as a  public prosecutor than on his own account; 
and unless he shows th at he has sustained, and is still sustaining, 
individual dam ages, he cannot be heard.”

The rule perm itting private parties, whose rights are directly  
jeopardized, to m aintain m andam us to compel a  public d u ty  
is a salutary one, but it should not be enlarged to such an extent 
as to perm it interference w ith  the operations of the G overn
m ent by those whose rights are only rem otely and indirectly 
affected.

H avin g  determ ined that the relator’s interest in the subject 
m atter involved is too rem ote to entitle it to in stitute  this pro
ceeding, it becom es unnecessary to consider an y  other question.

T h e order is, therefore, affirmed, w ith costs.
C h a s . H. R o b b ,

Associate Justice.
A f f i r m e d .

J a m e s  W i l s o n ,  
Secretary of Agriculture.

W a s h in g t o n , D. C., June 25, 1910.
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KAVALIER, Sazava, Bohemia.

Of late, many very inferior imitations have been  put on 
the  market, and sold as the  Genuine JOSEF KAVA
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"T h e  first ob ject of the industrial chem ist should be th at of increasing industrial efficiency. T h e y  have 
allow ed the m echanical engineer to usurp m any things, which properly come much more d irectly  w ithin  their own 
provin ce.’ '— A r t h u r  D. L i t t l e .

R ead A rthur D. L ittle ’s article “ T he Chem ist’ s Place in In d u stry”  in the F ebru ary  N um ber of this Journal.
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measuring the hardness of metals, etc.

WHAT THE SCLEROSCOPE HAS DONE FOR 
UP-TO-OATE MANUFACTURERS
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tools, dies, rolls, etc.

Increased production by reducing time 
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Improved the quality of product by
m aking it ju s t the correct hardness to give the 
best service for the purpose intended.

T h is instrum ent is now recognized as the 
In ternational standard, and at least one is to 
be found in almost every University in the 
United States.
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To that end, buy
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N E W  Y O R K  
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“ BAKER’S A N A LY ZED ”

C. P. Chemicals and Acids
are m anufactured with the intention of filling, as nearly as possible, all the requirem ents of the 
most exactin g  chem ists and we feel that the enthusiastic w ay in which they have been re
ceived shows that they are doing so.

T h eir uniform high quality, the honest analysis, and the convenient wide mouth 
bottles with the elevated corks are all very  h igh ly  appreciated.

Specify  “ Baker’s Analyzed” on your n ext order— th ey ’ ll please you, too.

J. T . BAKER CHEM ICAL C O M P A N Y ,
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